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An analysis and review of sections 1 and 2 of  
“A STATISTICAL ANALYSIS OF MULTIPLE TEMPERATURE PROXIES: ARE 
RECONSTRUCTIONS OF SURFACE TEMPERATURES OVER THE LAST 1000 YEARS 
RELIABLE?” BY BLAKELEY B. MCSHANE AND ABRAHAM J. WYNER  
(Accepted by Annals of Applied Statistics) 
 
Abstract: A detailed analysis of the opening sections of McShane and Wyner (2010) reveals a large number 
of errors in their exposition of paleoclimatology, the “hockey stick” controversy, and the associated 
literature. Many of these errors appear to result from an excessive reliance on non-scientific, non-peer-
reviewed literature, in particular the 2006 Wegman report on the “hockey stick” millennial temperature 
reconstruction. Not only do the authors display considerable bias against paleoclimatologists, but at least 
some of the errors appear to reflect a failure to consult the sources actually cited. McShane and Wyner’s 
analysis of validation methodology, purporting to demonstrate that commonly used proxies fail to 
outperform certain types of “null” pseudo proxies, is based on a core reconstruction methodology (Lasso) 
not actually employed in the field. McShane and Wyner’s findings plainly contradict actual 
paleoclimatological results in the main cited study discussed, Mann et al (2008), most likely as a 
consequence of this and other questionable methodological choices. Yet these and other contradictions are 
not disclosed, let alone discussed or explained. McShane and Wyner’s own reconstruction technique uses a 
simplified principal component methodology that fails to incorporate features that have long been 
commonplace in the paleoclimatological field. Thus little validity or applicability can be ascribed to any of 
McShane and Wyner’s findings.  
 
My recommendation is that the article be published as is, but with an appropriate detailed corrigendum. 
AOAS should publish an accompanying editorial, analyzing the reasons for a clear failure of the editorial 
and review process, and outlining steps to prevent similar problems in the future. Clear guidelines should be 
promulgated to guide authors in their use of suitable scientific references, and the citation as authority of 
non-peer reviewed, non-scientific reports should be repudiated, explicitly naming the Wegman report and 
supplementary testimony as canonical examples. Journal policy should also explicitly reject unacceptable 
editorializing. Finally, AOAS should ensure that the selected reviewers cover between them the required 
expertise, including recognized competence in the field of application and knowledge of the actual 
statistical methodologies employed. 
  
Note: In the following analysis, McShane and Wyner’s text is shown in italic, paragraph by 
paragraph, followed in each case by commentary on that paragraph. Clearly erroneous statements 
have been underlined. 

Paragraph 1.1 
 
1. Introduction. Paleoclimatology is the study of climate and climate change over the scale of the entire 
history of earth. A particular area of focus is temperature. Since reliable temperature records typically exist 
for only the last 150 years or fewer, paleoclimatologists use measurements from tree rings, ice sheets, 
rocks, and other natural phenomena to estimate past temperature. The key idea is to use various artifacts of 
historical periods which were strongly influenced by temperature and which survive to the present. For 
example, Antarctic ice cores contain ancient bubbles of air which can be dated quite accurately. The 
temperature of that air can be approximated by measuring the ratio of ions and isotopes of oxygen and 
hydrogen. Similarly, tree rings measured from old growth forests can be dated to annual resolution, and 
features can be extracted which are known to be related to temperature. 
 
Discussion 
The following is a side-by-side comparison of probable antecedents for the ideas and wording of McShane 
and Wyner’s opening sentences. While this may not rise to actionable plagiarism, it does appear that 
McShane and Wyner have consulted Wikipedia articles to obtain a background understanding of 
paleoclimatology. The sentences also presage the heavy reliance on Wegman et al (2006) instead of the 
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relevant peer-reviewed scientific literature, as elaborated below. In this and subsequent comparisons, 
identical wording is highlighted in cyan, while trivial changes are highlighted in yellow.  

 

 
 

The use of word “artifact” also points to Wegman et al as a source. So does the reference to “ions and 
isotopes”, instead of “major ions and isotopes” in the original from Bradley (1999).  
 
Even the misspelling the title of Bradley’s seminal work, Paleoclimatology: Reconstructing Climates of the 
Quaternary, has been carried over from Wegman et al. Both Wegman et al and McShane and Wyner have 
Quarternary (with an extra “r”) instead of Quaternary. Thus there is a reasonable inference that the authors 
have consulted Wegman et al and not Bradley, an inference which is only reinforced by subsequent 
analysis. 
 
“The temperature of that air can be approximated by measuring the ratio of ions and isotopes of oxygen 
and hydrogen “ 
 
Wegman et al (2006), citing a table from Bradley (1999), give geochemistry of “ions and isotopes of 
oxygen and hydrogen”as the source of climatological proxy information in ice cores. (The original read 
“major ions and isotopes”, a clear indication that Wegman et al is the actual source). However, this does 
not refer specifically to air bubbles, but more generally to the ice core in toto, including the ice itself. 
Moreover, hydrogen is a trace gas in the free atmosphere and so not amenable to isotopic analysis in air 
bubbles. The reference to ions is to glaciochemistry as they are dissolved in water. Indeed, Wegman et al 
(2006), at p. 14, in an unattributed passage also clearly derived from Bradley (1999), p. 125, state (with 
Bradley’s original highlighted in cyan and Wegman et al’s trivial changes in yellow): 
 

Paleoclimatic information derived from ice cores is obtained from four principal mechanisms: 1) 
analysis of stable isotopes of water and atmospheric oxygen; 2) analysis of other gases in the air 
bubbles in the ice; 3) analysis of dissolved and particulate matter in the firn and ice; and 4) analysis 
of other physical properties such as thickness of the firn and ice. 
 

Thus, of the three listed sources of temperature information from air bubbles in McShane and Wyner, it is 
only that of oxygen isotopes (“atmospheric oxygen”) that is actually derived from air bubbles, as well as in 
ice. The other two (ions and isotopes of hydrogen) are analyzed only from the firn and ice.  
 

Wikipedia – Paleoclimatology 
Paleoclimatology (also Palaeoclimatology)  
is the study of climate change taken on  
the scale of the entire history of Earth.  
 
Wegman et al, 2.1, p. 10, para. 1 
Paleoclimatology focuses on climate, principally 
temperature … 
 
Wikipedia – Temperature of the last 1000 years 
… because a reliable surface temperature record 
exists only since about 1850. 
 
Wegman 
Many natural phenomena are climate dependent  …  
Wikipedia – Paleoclimatology 
It uses records from ice sheets, tree rings, sediment, 
corals, shells and rocks to determine the past state of 
the climate system on Earth. 

 
Paleoclimatology  
is the study of climate and climate change over  
the scale of the entire history of earth.  
 
 
A particular area of focus is temperature.  
 
 
 
Since reliable temperature records typically exist 
for only the last 150 years or fewer,  
 
 
 
 
paleoclimatologists use measurements from tree 
rings, ice sheets, rocks, and other natural 
phenomena to estimate past temperature.  
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The reference to “ratio” is also misplaced. This could reasonably refer to the relative concentration of rarer 
isotopes to more common ones (e.g. in the case of atmospheric oxygen). But the applicability of the term to 
concentration of major ions is unclear. Confusingly, the phrase could even be read as meaning the ratio of 
ions to isotopes. 
 

Paragraph 1.2 
The “proxy record” is comprised of these and many other types of data, including boreholes, corals, 
speleotherms, and lake sediments (see Bradley (1999) for detailed descriptions). The basic statistical 
problem is quite easy to explain. Scientists extract, scale, and calibrate the data. Then, a training set 
consisting of the part of the proxy record which overlaps the modern instrumental period (i.e., the past 150 
years) is constructed and used to build a model. Finally, the model, which maps the proxy record to a 
surface temperature, is used to backcast or ”reconstruct” historical temperatures.  
 
Discussion 
“Spelotherms” is an incorrect spelling of “spelothems”. In turn, this appear to be a “correction” of the 
mistaken “spelothrem” in the reproduction of a table attributed to Bradley (1999),found in Wegman et al 
(2006), p. 13, as noted by Mashey (2010). 
 
In this paragraph, the authors jump into reconstruction techniques based on calibrating proxies to the 
detailed temperature record, as if this were the general paleoclimatological method. However, this 
methodology is not employed at all time scales, as implied by the juxtaposition of this paragraph with the 
opening, but  only when reconstructing the last few millennia (typically one or two) using annually and 
decadally resolved proxies. For example, one of “these” types of “data” referred to is “rocks” from the 
opening paragraph, which in fact refers to much lower resolution proxies in use at much longer time scales. 
Thus, the authors appear not to have a very firm grasp of the fundamentals of paleoclimatology. 
 
The use of the term “calibrate” to refer to preprocessing of the proxies prior to model construction is 
mistaken. In the paleoclimatological literature (for example, Bradley (1999) discussing tree ring 
reconstructions at section 10.2.4), this term is used to refer to the actual construction of the model: 
 

Once a master chronology of standardized ring-width indices has been obtained, the next step is to 
develop a model relating variations in these indices to variations in climatic data. This process is 
known as calibration, whereby a statistical procedure is used to find the optimum solution for 
converting growth measurements into climatic estimates. If an equation can be developed that 
accurately describes instrumentally observed climatic variability in terms of tree growth over 
the same interval, then paleoclimatic reconstructions can be made using only the tree-ring data. In 
this section, a brief summary of the methods used in tree-ring calibration is given. [Emphasis 
added] 
 

Wegman et al chose to summarize this section rather than mirror the wording of Bradley as done 
previously. So, the paraphrase is less clear, but nonetheless refers to calibration using the instrumental data: 
 

Once there is reasonable confidence that the tree ring signal reflects a temperature signal, and then a 
calibration is performed using the derived tree ring data and instrumented temperature data. 

 
 

Paragraph 1.3 
This effort to reconstruct our planet’s climate history has become linked to the topic of Anthropogenic 
Global Warming (AGW). On the one hand, this is peculiar since paleoclimatological reconstructions can 
provide evidence only for the detection of global warming and even then they constitute only one such 
source of evidence. The principal sources of evidence for the detection of global warming and in particular 
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the attribution of it to anthropogenic factors come from basic science as well as General Circulation 
Models (GCMs) that have been fit to data accumulated during the instrumental period (IPCC, 2007). These 
models show that carbon dioxide, when released into the atmosphere in sufficient concentration, can force 
temperature increases. 
 
Discussion: 
It is true that paleoclimatological reconstructions over the last one or two millennia do not in themselves 
provide direct evidence of AGW. It is also true that AGW does not depend on the exact moment that 
ongoing warming clearly surpasses the warmth of the Medieval Warm Period. However the IPCC Fourth 
Assessment Report (AR4) in the Executive Summary for Chapter 6 also noted the consistency between 
reconstructions and model simulations, reinforcing a finding of AGW: 
 

Palaeoclimate model simulations are broadly consistent with the reconstructed NH temperatures 
over the past 1 kyr. The rise in surface temperatures since 1950 very likely cannot be reproduced 
without including anthropogenic greenhouse gases in the model forcings, and it is very unlikely that 
this warming was merely a recovery from a pre-20th century cold period. 
 

Paragraph 1.4 
On the other hand, the effort of world governments to pass legislation to cut carbon to pre-industrial levels 
cannot proceed without the consent of the governed and historical reconstructions from 
paleoclimatological models have indeed proven persuasive and effective at winning the hearts and minds of 
the populace. Consider Figure 1 which was featured prominently in the Intergovernmental Panel on 
Climate Change report (IPCC, 2001) in the summary for policy makers. The sharp upward slope of the 
graph in the late 20th century is visually striking, easy to comprehend, and likely to alarm. The IPCC report 
goes even further: 
 

Uncertainties increase in more distant times and are always much larger than in the instrumental 
record due to the use of relatively sparse proxy data. Nevertheless the rate and duration of 
warming of the 20th century has been much greater than in any of the previous nine centuries. 
Similarly, it is likely that the 1990s have been the warmest decade and 1998 the warmest year of 
the millennium. [Emphasis added] 
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FIG 1. Multiproxy reconstruction of Northern Hemisphere surface temperature variations over the past millennium 
(blue), along with 50-year average (black), a measure of the statistical uncertainty associated with the reconstruction 
(gray), and instrumental surface temperature data for the last 150 years (red), based on the work by Mann et al. 
(1999). This figure has sometimes been referred to as the hockey stick. Source: IPCC (2001). 

 
[Note: Figures 2 and 3 omitted] 

Discussion 
This paragraph, especially the first sentence, is highly tendentious and clearly reflects the small-
government, libertarian bias of the authors. Such phrases as “consent of the governed”, “persuasive and 
effective at winning hearts and minds” and “likely to alarm” are a blatant attempt to demonize the “hockey 
stick” graph as little more than “statist” propaganda. That the IPCC Working Group 1, composed of the 
most eminent climate scientists in the world, is tarred with such a brush is frankly outrageous. Such 
statements have no place in work that purports to be serious scientific literature. 
 
The “sharp upward slope … in the late 20th century” is not even part of this reconstruction, which only 
went to 1977. Rather it is the instrumental record that shows this “upward slope”.  
 
It has been more than three years since the release of the IPCC AR4. Despite citing it in the preceding 
paragraph in reference to GCMs, the authors have elected to not cite AR4’s treatment of paleoclimatology, 
instead focusing on the superseded IPCC TAR.  Here is the statement from the AR4 Summary for 
Policymakers corresponding to the quote from TAR: 
 

Average Northern Hemisphere temperatures during the second half of the 20th century were very 
likely higher than during any other 50-year period in the last 500 years and likely the highest in at 
least the past 1,300 years. Some recent studies indicate greater variability in Northern Hemisphere 
temperatures than suggested in the TAR, particularly finding that cooler periods existed in the 12th 
to 14th, 17th and 19th centuries. Warmer periods prior to the 20th century are within the 
uncertainty range given in the TAR. 
 

This passage was based on two slightly more elaborate bullet points from the AR4 Chapter 6 executive 
summary. The following should be noted: 
 

 The IPCC, following all paleoclimatological studies published in the last several years, no longer 
expresses estimates of uncertainty in terms of individual years or decades. 

 In general, the AR4 statements were a strengthening of the finding of late 20th century anomalous 
warmth. 

 The underlying text from Chapter 6 was written several months before Wegman et al and even 
preceded the earlier NRC report on paleoclimatology, as it was unchanged from the AR4 Second 
Order Draft distributed in March 2006. 

 
The authors’ focus on TAR and omission of AR4 affords no acceptable explanation; the emphasis of the 
highlighted decade-old and superseded statement concerning the “likely” exceptional warmth of 1998 and 
the 1990s is especially misleading. Once again, reliance on the Wegman report appears to be a negative 
influence and its eerie echoes are apparent in this paragraph. For example, Wegman et al state that TAR 
“featured alarming statistics concerning the rapid rise in global temperatures during the decade of 
the 1990s”. 
 

Paragraph 1.5 
Quotations like the above and graphs like those in Figures 1, 2, and 3 are featured prominently not only in 
official documents like the IPCC report but also in widely viewed television programs (BBC, September 14, 
2008), in film (Gore, 2006), and in museum expositions (Rothstein, October 17, 2008), alarming both the 
populace and policy makers. 
 



Deep Climate – Analysis of McShane and Wyner                                                                          6 

Discussion 
Let us examine the implication of the assertion that “Quotations like the above … are featured prominently 
… in film (Gore, 2006)”. One would reasonably take this to refer to the emphasized part of the quote 
concerning 1998 and the 1990s as “likely” the warmest year and warmest decade respectively in the last 
millennium. But according to the transcript provided by Hoke (2006), no such assertion exists in the film An 
Inconvenient Truth. There is a brief statement that temperatures are warmer “now” than in the Medieval 
Warm Period at a particular mountain glacier. Then the film goes on to discuss paleoclimatology, but with 
an emphasis on the relationship between CO2 and temperature over hundreds of thousands of years.  
 
In fact, the only specific reference to very recent annual temperatures is in a discussion of the instrumental 
record, not the paleoclimatolical record: 
 

These are actual measurements of atmospheric temperature since our civil war. In any given year it 
might look like it's going down, but the overall trend is extremely clear. In recent years it is 
uninterrupted and it is intensifying. In fact, if you look at the 10 hottest years ever measured in this 
atmospheric record, they have all occurred in the last 14 years. 
 

Thus, the evidence directly contradicts the authors’ assertion in this case.  
 
In any event, assertions about science popularization, especially unsubstantiated ones, have no place in 
serious scientific literature. And, once again, there is the implied attack on the IPCC WG1 report as an 
“official” (i.e. government) document, an apparent denigration of its status as a scientific report.   
 

Paragraph 1.6 
It is not necessary to know very much about the underlying methods to see that graphs such as Figure 1 are 
problematic as descriptive devices. First, the superposition of the instrumental record (red) creates a strong 
but entirely misleading contrast. The blue historical reconstruction is necessarily smoother with less overall 
variation than the red instrumental record since the reconstruction is, in a broad sense, a weighted average 
of all global temperature histories conditional on the observed proxy record. Second, the blue curve closely 
matches the red curve from 1850 AD to 1998 AD because it has been calibrated to the instrumental period 
which has served as training data. This sets up the erroneous visual expectation that the reconstructions are 
more accurate than they really are. A careful viewer would know to temper such expectations by paying 
close attention to the reconstruction error bars given by the wide gray regions. However, even these are 
misleading because these are, in fact, pointwise confidence intervals and not confidence curves for the 
entire sample path of surface temperature. Furthermore, the grey regions themselves fail to account for 
model uncertainty. 
 
Discussion 
It is not clear why the authors assert that the reconstruction “is necessarily smoother with less overall 
variation” than the instrumental record. In fact, as already noted, more recent reconstructions show 
considerably more variation than this superseded reconstruction on which McShane and Wyner choose to 
focus. 
 
The authors state that the “reconstruction is, in a broad sense, a weighted average of all global temperature 
histories”. This is an odd formulation and perhaps betrays a fundamental misunderstanding; the various 
proxy series are better understood as reflecting local temperature history, albeit spatially (and temporally) 
correlated. A similar observation could be made concerning the gridded instrumental temperature record, 
with obvious implications for paleoclimatological reconstructions. 
 
The assertion that the two curves match closely “up to 1998” is erroneous by inspection. The blue curve 
stops well short of 1998, and appears to end in 1977 or thereabouts.  
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The confidence intervals of greater interest are for the smoothed series, as has been done in more recent 
work such as Mann et al (2008). Once again, by focusing on older work, the authors present a misleading 
picture of the current state of paleoclimatological analysis. 
 

Paragraph 2.1 
2. Controversy. With so much at stake both financially and ecologically, it is not surprising that these 
analyses have provoked several controversies. While much of this has recently erupted in the popular press 
(Jolis (November 18, 2009), Johnson (November 23, 2009), Johnson and Naik (November 24, 2009)), we 
root our discussion of these controversies in the history as it unfolded in the academic and scientific 
literature. 
 
Discussion 
In this section as in the last, the authors rely primarily on Wegman et al and related literature. The Wegman 
report was commissioned by U.S. House Representative Joe Barton for blatantly partisan purposes, and in 
any event was not peer-reviewed. Moreover it suffers from many deficiencies in scholarship. I have already 
referred to some of these, although a full explication is beyond the scope of this present analysis. Clearly, 
though, Wegman et al can not reasonably be considered part of the “academic and scientific literature”. 
Neither can much of the other cited work, as noted below. Indeed, it is a matter of deep concern that such 
work is considered citable in AOAS. 
 

Paragraph 2.2 
The first major controversy erupted when McIntyre and McKitrick (M&M) successfully replicated the Mann 
et al. (1998) study (McIntyre and McKitrick, 2003, 2005b,a). M&M observed that the original Mann et al. 
(1998) study (i) used only one principal component of the proxy record and (ii) calculated the principal 
components in a ”skew”-centered fashion such that they were centered by the mean of the proxy data over 
the instrumental period (instead of the more standard technique of centering by the mean of the entire data 
record). Given that the proxy series is itself auto-correlated, this scaling has the effect of producing a first 
principal component which is hockey-stick shaped (McIntyre and McKitrick, 2003) and, thus, hockeystick 
shaped temperature reconstructions. That is, the very method used in Mann et al. (1998) guarantees the 
shape of Figure 1. M&M made a further contribution by applying the Mann et al. (1998) reconstruction 
methodology to principal components computed in the standard fashion. The resulting reconstruction 
showed a rise in temperature in the medieval period, thus eliminating the hockey stick shape.  
 
McIntyre and McKitrick (2003), which marked the opening of the controversy, did not replicate Mann et al. 
In fact, at that time, M&M ascribed the major differences in their reconstruction to computer programming 
errors in Mann et al (1998). The identification of the issue of differing centering of principal components in 
Mann et al (1998) came later and was only described in the 2005 papers.  
 
The assertion that Mann et al (1998) used only “one principal component of the proxy record” is doubly 
erroneous. The famous PC1 was the leading principal component of one proxy sub-network (North 
American tree rings) for one period of time (the 1400 step that represents the start of the original MBH98 
reconstruction). And even for that sub-network, two PCs were used, not one.  
 
The statement that the “very method” used by Mann et al “guarantees the shape” of the original “hockey 
stick” shape is misleading. M&M’s emulation did not implement a key part of the Mann et al methodology, 
namely an objective criterion for the selection and retention of principal components. Wahl and Ammann 
(2007) demonstrated that when such an objective criterion is used, a “hockey stick” shape emerges, no 
matter what PC centering convention is used, a finding to which I will return. 
 
McIntyre and McKitrick (2003) did not use an objective criterion for PC retention, simply retaining the 
same number of principal components as in Mann et al (1998). The resulting reconstruction shows a clearly 
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spurious spike in the 14th century. The reconstruction started in that century, and shows none of the 
medieval period, much less than a rise at that time. 
 

Paragraph 2.3 
Mann and his colleagues vigorously responded to M&M to justify the hockey stick (Mann et al., 2004). 
They argued that one should not limit oneself to a single principal component as in Mann et al. (1998), but, 
rather, one should select the number of retained principal components through crossvalidation on two 
blocks of held out instrumental temperature records (i.e., the first fifty years of the instrumental period and 
the last fifty years). When this procedure is followed, four principal components are retained, and the 
hockey stick re-emerges even when the PCs are calculated in the standard fashion. Since the hockey stick is 
the shape selected by validation, climate scientists argue it is therefore the correct one. 
 
Here, there is a veritable thicket of errors that must be untangled. As explained in Deep Climate (2010): 
 

Mann et al (2004) is the Corrigendum to MBH98 which fixed some data listing errors (without 
affecting the actual data or findings). But there was no reference to a changed PCA methodology; 
there could not have been as the Corrigendum was issued in March 2004, while the differing 
centering conventions were only identified much later that year! But there was a further explanation 
of the original PCA methodology, whereby the number of PCs retained for each proxy sub-network 
at each “step” interval was based on objective criteria combining “modified Preissendorfer Rule N 
and screen test”.  (In fact, Mann’s methodology involved rebuilding the network with fewer and 
fewer proxies as one goes back, requiring recomputation of PCA for each large sub-network at each 
interval). 
 

Subsequent investigation reveals that the authors appear to have in mind an unpublished reply to a 
submission to Nature by M&M (which also was not published). As noted above, a subsequent paper by 
Wahl and Ammann (2007) also demonstrated that objective criterion for principal component selection 
would result in different number of PCs retained under differing centering and standardization.  
 
The authors also appear to have confused the PC reduction step for the North American tree-ring sub-
network, with the retention of instrumental temperatures PCs in the calibration step. Wahl and Ammann did 
find that four PCs were retained under their PC retention criterion in the 1400 tree-ring network, when 
using centered, non-standardized PCA. And in the scenarios that incorporated more individual proxy series, 
Wahl and Ammann retain four instrumental PCs, instead of one or two, a procedure justified as equivalent 
to Mann et al (1998) in part via validation of the resultant calibration. That choice also has little impact, and 
has not been controversial or even discussed by McIntyre and McKitrick. The important point here is that 
validation was not used to determine the number of proxy PCs to retain, despite McShane and Wyner’s 
claim to that effect. 
 
How did this confusion of the various sources occur? Only the authors can resolve this conundrum in a 
definitive manner, but it should be pointed out that Steve McIntyre has complained many times that Wahl 
and Ammann was derived (and even “plagiarized”!) from the unpublished Mann et al Nature reply. Thus it 
seems likely that the authors may have misunderstood various ClimateAudit postings and were confused in 
their understanding of the source of the various assertions. As seen below, the authors subsequently refer to 
“testimony” from Wegman that supposedly “excoriates” “Mann et al 2004”, but the actual target of that 
criticism was Wahl and Ammann. 
 
It may even be that the authors have consulted a copy of the unpublished Mann et al Nature reply (available 
at ClimateAudit), and confused this with the Mann et al 2004 Corrigendum. In any event, this points out 
once again the danger of reliance on dubious sources such as ClimateAudit and Wegman et al.  
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Paragraph 2.4 
The furor reached such a level that Congress took up the matter in 2006. The Chairman of the Committee 
on Energy and Commerce as well as the Chairman of the Subcommittee on Oversight and Investigations 
formed an ad hoc committee of statisticians to review the findings of M&M. Their Congressional report 
(Wegman et al., 2006) confirmed M&M’s finding regarding skew-centered principal components (this 
finding was yet again confirmed by the National Research Council (NRC, 2006)). In his Congressional 
testimony (Wegman, 2006), committee chair Edward Wegman excoriated Mann et al. (2004)’s use of 
additional principal components beyond the first after it was shown that their method led to spurious 
results: 

 
In the MBH original, the hockey stick emerged in PC1 from the bristlecone/foxtail pines. If one 
centers the data properly the hockey stick does not emerge until PC4. Thus, a substantial change in 
strategy is required in the MBH reconstruction in order to achieve the hockey stick, a strategy 
which was specifically eschewed in MBH...a cardinal rule of statistical inference is that the method 
of analysis must be decided before looking at the data. The rules and strategy of analysis cannot be 
changed in order to obtain the desired result. Such a strategy carries no statistical Integrity and 
cannot be used as a basis for drawing sound inferential conclusions 
 

Discussion. 
This passage also contains a number of errors. Although the Wegman panel was not announced until 2006, 
the committee was in fact formed in September 2005, following the refusal of an offer to the Energy and 
Commerce Committee from the NRC to review issues concerning paleoclimatology. However, contrary to 
the implication of the authors’ account, the NRC submitted its report to the congressional Science 
committee almost four months before the Wegman report. Although the NRC report did criticize Mann et 
al’s principal component methodology, they did not confirm the finding that Mann et al’s “method led to 
spurious results” – quite the contrary. 
 

As part of their statistical methods, Mann et al. used a type of principal component analysis that 
tends to bias the shape of the reconstructions. … In practice, this method, though not recommended, 
does not appear to unduly influence reconstructions of hemispheric mean temperature; 
reconstructions performed without using principal component analysis are qualitatively similar to 
the original curves presented by Mann et al. [p. 113] 

 
The Wegman “testimony” referred to is not the actual Congressional testimony, but rather a later written 
response to supplementary questions asked by Representative Bart Stupak. The authors refer once again to 
the non-existent Mann et al 2004.  
 
Below is the full quote from Wegman’s responses to Stupak with omitted text given in bold.  

 
Without attempting to describe the technical detail, the bottom line is that, in the MBH original, the 
hockey stick emerged in PC1 from the bristlecone/foxtail pines. If one centers the data properly the 
hockey stick does not emerge until PC4. Thus, a substantial change in strategy is required in the 
MBH reconstruction in order to achieve the hockey stick, a strategy which was specifically 
eschewed in MBH. In Wahl and Ammann’s own words, the centering does significantly affect 
the results. 
 
c. Dr. Gulledge included in his testimony a slide showing the graph of WA emulation of the 
MBH and MBH-corrected for decentering and the Gaspe tree-ring series. Were you aware of 
their reanalysis of MBH99 prior to the time you finalized your report? Do you agree or 
disagree with their reanalysis of MBH99? If you disagree, please state the basis for your 
disagreement. 
 
Ans: Yes, we were aware of the Wahl and Ammann simulation. We continue to disagree with 
the reanalysis for several reasons. Even granting the unbiasedness of the Wahl and Ammann 
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study in favor of his advisor’s methodology and the fact that it is not a published refereed 
paper, the reconstructions mentioned by Dr. Gulledge, and illustrated in his 
testimony, fail to account for the effects of the bristlecone/foxtail pines. Wahl and Ammann 
reject this criticism of MM based on the fact that if one adds enough principal components 
back into the proxy, one obtains the hockey stick shape again. This is precisely the point of 
contention. It is a point we made in our testimony and that Wahl and Ammann make as 
well. A cardinal rule of statistical inference is that the method of analysis must be decided before 
looking at the data. The rules and strategy of analysis cannot be changed in order to obtain the 
desired result. Such a strategy carries no statistical integrity and cannot be used as a basis for 
drawing sound inferential conclusions. 
 

McShane and Wyner put an ellipsis with no period or capitalization, as if the two separated sentences were 
part of one compound sentence, with a few words omitted. Yet it turns out that there were several sentences 
of text and even a lengthy question in the intervening text. Although McShane and Wyner maintain that 
Wegman was discussing the mysterious “Mann et al (2004)”, Wahl and Ammann are mentioned, not once, 
not twice, but a full six times. It seems highly implausible, therefore, that this text could have been 
consulted directly by the authors. 
 
It should also be pointed out that Wegman’s exposition here is not reliable. Wahl and Ammann was a 
refereed paper and had been accepted and in press for several months at this time. Wegman also glossed 
over Wahl and Ammann’s principal point, namely that given an a priori PC selection/retention criterion of a 
minimum “explained variance” accompanied by convergence of the reconstruction, the centering 
convention made little difference on the reconstruction. For greater certainty on this point, here is the 
relevant part of Wahl and Ammann’s abstract: 
 

When proxy PCs are employed, neither the time period used to “center” the data before PC 
calculation nor the way the PC calculations are performed significantly affects the results, as long 
as the full extent of the climate information actually in the proxy data is represented by the PC time 
series. Clear convergence of the resulting climate reconstructions is a strong indicator for achieving 
this criterion. 
 

This issue is discussed at greater length in Deep Climate (2010). For now, I will note that the remarks about 
the lack of suitability of Wegman et al as a scientific reference apply even more to this document.  
 
McShane and Wyner do refer to Wahl and Ammann (as seen in the next paragraph), but seem unaware of 
the central importance of this paper in the scientific history of the “hockey stick” controversy. Thus, once 
again, the unavoidable finding is that this key article has not been consulted directly. The erroneous 
publication date (2006 instead of 2007) buttresses that finding. At the time of the “hockey stick” hearings 
this article was “in press” as noted above, and was finally published in 2007. The contemporary secondary, 
literature such as Wegman et al and the NRC report, have the “in press” date, and it appears that McShane 
and Wyner have relied on this citation. 
 

 

Paragraph 2.5 
Michael Mann, in his rebuttal testimony before Congress, admitted to having made some questionable 
choices in his early work. But, he strongly asserted that none of these earlier problems are still relevant 
because his original findings have been confirmed again and again in subsequent peer reviewed literature 
by large numbers of highly qualified climate scientists using vastly expanded data records (e.g., Mann and 
Rutherford (2002), Luterbacher et al. (2004), Mann et al. (2005), Rutherford et al. (2005), Wahl and 
Amman (2006), Wahl et al. (2006), Li et al. (2007), Mann et al. (2007), Mann et al. (2008)) even if 
criticisms do exist (e.g., von Storch et al. (2004)). 
 
Discussion 



Deep Climate – Analysis of McShane and Wyner                                                                          11 

Here, Mann’s testimony is characterized as a “rebuttal” to the extended Wegman quote given just 
previously. As previously noted, Wegman’s criticism was of Wahl and Ammann, not Mann himself. And 
since Wegman’s response to supplementary questions occurred after Mann’s testimony, Mann’s testimony 
can not be considered a rebuttal to Wegman’s subsequent assertions. And McShane and Wyner imply that 
Mann referred to many papers, some of which were not even submitted at the time of his testimony 
(including his own Mann et al, 2008). 
 

Paragraph 2.6 
The degree of controversy associated with this endeavor can perhaps be better understood by recalling 
Wegman’s assertion that there are very few mainstream statisticians working on climate reconstructions 
(Wegman et al., 2006). This is particularly surprising not only because the task is highly statistical but also 
because it is extremely difficult. The data is spatially and temporally autocorrelated. It is massively 
incomplete. It is not easily or accurately modeled by simple autoregressive processes. The signal is very 
weak and the number of covariates greatly outnumbers the number of independent observations of 
instrumental temperature. Much of the analysis in this paper explores some of the difficulties associated 
with model selection and prediction in just such contexts. We are not interested at this stage in engaging the 
issues of data quality. To wit, henceforth and for the remainder of the paper, we work entirely with the data 
from Mann et al. (2008). 
 
As previously noted, Wegman et al was not peer reviewed and in any event can not be taken as reliable 
source for evaluating the degree of interaction between paleoclimatologists and statisticians. And it would 
be just as pertinent, if not more so in the current context, to question the analysis of paleoclimatology by 
statisticians who have had not the benefit of any interaction with paleoclimatologists whatsoever. In any 
event, such uninformed assertions have no place in serious literature. 
 
The statement that “the number of covariates greatly outnumbers the number of independent observations 
of instrumental temperature” does not appear to be based on an appreciation of actual paleoclimatological 
practice. Subsequently, in section 3, model validation is performed by regressing the full set of 1209 actual 
proxies against the land average temperature series, and comparing that to the performance of various null 
proxies. I am not aware of any paleoclimatological study where this was actually done, so the problem 
appears ill-posed and amounts to a “straw man” argument. Indeed, as the NRC and others have noted, the 
problem is typically that there are too few proxies, especially as one goes back further in time. 
 

Paragraph 2.7 
This is by far the most comprehensive publicly available database of temperatures and proxies collected to 
date. It contains 1,209 climate proxies (with some going back as far as 8855 BC and some continuing up till 
2003 AD). It also contains a database of eight global annual temperature aggregates dating 1850-2006 AD 
(expressed as deviations or “anomalies” from the 1961-1990 AD average). Finally, there is a database of 
1,732 local annual temperatures dating 1850-2006 AD (also expressed as anomalies from the 1961-1990 
AD average). All three of these datasets have been substantially processed including smoothing and 
imputation of missing data (Mann et al., 2008). While these present interesting problems, they are not the 
focus of our inquiry. We assume that the data selection, collection, and processing performed by climate 
scientists meets the standards of their discipline. Without taking a position on these data quality issues, we 
thus take the dataset as given. We further make the assumptions of linearity and stationarity of the 
relationship between temperature and proxies, an assumption employed throughout the climate science 
literature (NRC, 2006) noting that ”the stationarity of the relationship does not require stationarity of the 
series themselves” (NRC, 2006)” Even with these substantial assumptions, the paleoclimatological 
reconstructive endeavor is a very difficult one and we focus on the substantive modeling problems 
encountered in this setting.  
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Paragraph 2.8 
Our paper structure and major results are as follows. We first discuss the strength of the proxy signal in 
this p >> n context (i.e., when the number of covariates or parameters, p, is much larger than the number 
of datapoints, n) by comparing the performance, in terms of holdout RMSE, of the proxies against several 
alternatives. Such an exercise is important because, when p >> n, there is a sizeable risk of overfitting and 
in-sample performance is often a poor benchmark for out-of-sample performance. We will show that the 
proxy record easily does better at predicting out-of-sample global temperature than simple rapidly-mixing 
stationary processes generated independently of the real temperature record. On the other hand, the 
proxies do not fare so well when compared to predictions made by more complex processes also generated 
independently of any climate signal. That is, randomly generated sequences are as “predictive” of holdout 
temperatures as the proxies. 
 
Discussion 
A detailed analysis of section 3 is beyond the scope of this document; however, I will discuss certain 
aspects of McShane and Wyner’s analysis of validation techniques. First, it should be noted that McShane 
and Wyner have made several questionable methodological choices. Chief among these is the use of Lasso 
as the reconstruction methodology, a methodology not actually employed in paleoclimatology, and one 
notorious for “throwing away” data. Similarly, the thirty-year “holdout” period is considerably shorter than 
that actually used in Mann et al (2008), for example. And the target temperature series (NH land average) is 
much simpler than what is typically used for such a large proxy data set, thus greatly exaggerating the 
“straw man” p >> n issue. (The two methodologies in Mann et al are both based on the gridded temperature 
series). 
 
McShane and Wyner’s claim that their setup demonstrates that proxies outperform simple “null” proxies 
(but not more complex random ones). They also strongly imply that proxy performance is better on “front” 
and “back” blocks favoured by climate scientists, than on interpolated blocks. However, their own results 
do not support either finding, at least with respect to their methodological choices. Consider the following 
chart, adapted from Fig. 13, which shows proxy performance against the AR (0.4) null proxy: 
 

 
The real proxies’ RMSE is shown in red, while the AR(.4) average RMSE is shown in black with the full 
Monte Carlo-based distribution in grey. It can easily be seen by inspection that the real proxies fail to 
outperform even this simple “null” proxy in the front and back blocks (which I have highlighted with blue 
ovals). In fact the real proxies fall pretty much in the middle of the null proxy distribution in these two 
blocks.  
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Yet in Mann et al 2008, this exact same proxy set vastly outperformed this exact same “null” proxy in the 
very same front and back blocks! This can be seen in the validation scores for the “late” step reconstructions 
(for proxy sets going back to the year shown) as given in Fig. 1C of Mann et al (2008). The black lines 
represent the 90% and 95% significance thresholds for AR(.4) null proxies. 

 
 
 
Clearly McShane and Wyner’s result flies in the face of all published paleoclimatology. McShane and 
Wyner have failed to notice, or at least failed to disclose, this glaring discrepancy between their actual 
findings and that of Mann et al and other published reconstructions. What is even more puzzling is that 
AOAS editor and reviewers have also failed to notice this.  
 
Perhaps this latter failure is related to McShane and Wyner’s misleading claim, made in discussing the AR 
“null” proxy results: 
 

Hence, the proxies perform statistically significantly better on very few holdout blocks, particularly 
those near the beginning of the series and those near the end. This is a curious fact because the 
“front” holdout block and the “back” holdout block are the only two which climate scientists use to 
validate their models. Insofar as this front and back performance is anomalous, they may be 
overconfident in their results. [p. 22] 
 

In an egregious error, McShane and Wyner have conflated the performance of blocks “near” the beginning 
and end with the actual “front and back performance”. In fact, simple inspection shows that front and back 
performance of the proxies is worse on average than the interpolated blocks, even if “near” blocks perform 
better. 
 
In any event, it should be obvious from these findings that McShane and Wyner’s validation experiments 
have no relevance whatsoever for actual published paleoclimatological methodologies and reconstructions, 
but only to the Lasso methodology. (The above issues are explored in somewhat more detail in Deep 
Climate (2010)). 
 

Paragraph 2.9 
Next, we show that various models for predicting temperature can perform similarly in terms of cross-
validated out-of-sample RMSE but have very different historical temperature backcasts. Some of these 
backcasts look like hockey sticks while others do not. Thus, cross-validation is inadequate on its own for 
model and backcast selection. 
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Paragraph 2.10 
Finally, we construct and fit a full probability model for the relationship between the thousand year old 
proxy database and Northern Hemisphere average temperature, providing appropriate pathwise standard 
errors which account for parameter uncertainty. While our model offers support to the conclusion that the 
1990s were the warmest decade of the last millennium, it does not predict temperature as well as expected 
even in sample. The model does much worse on contiguous thirty year time intervals. 
 
Discussion 
I will only touch on the most obvious points concerning the “OLS PC” and Bayesian “backcast” 
methodology, as I’m sure these (and many other points) will be covered by your discussants. As noted in 
Deep Climate (2010): 

 
 10 PCs is almost certainly too many (and 1 too few), rendering the extreme reconstructions based 

on these PCs of little value. In particular, 10 PCs would likely lead to overfitting, and the extremely 
straight “shaft” of the corresponding reconstruction confirms that impression. 

 Like M&M and Wegman et al, no objective criterion for selection/retention of principal 
components of proxy data has been employed or even discussed. Use of such a criterion is not only 
standard practice in paleoclimatology, but has been discussed at length by experts in principal 
component analysis (for example, Jolliffe has an extended chapter on various criteria). 

 

Paragraph 2.11 
Thus, we remark in conclusion that natural proxies are severely limited in their ability to predict average 
temperatures and temperature gradients. 
 
Discussion 
This conclusion has been demonstrated to be completely unwarranted. 
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Summary and Conclusion 
 
The sheer number of errors uncovered in the detailed analysis of sections 1 and 2 is staggering and should 
give pause. Even more disturbing are the obvious instances of unprofessional and biased commentary that 
amount to inappropriate editorializing on the part of the authors. Although a detailed analysis of sections 3, 
4 and 5 has been left to others, the errors and issues uncovered make it clear that these too are deeply 
flawed. 
 
The apparent heavy reliance on “grey” secondary sources, especially non-peer reviewed documents from 
statistician Edward Wegman and the ClimateAudit blog, is unacceptable and is an affront to scholarly 
standards. Moreover, there is evidence of false citations, in particular, the citations to Bradley (1999) and 
“Mann et al (2004)”. 
 
Thus, there has been an utter failure in AOAS editorial and review process. To properly handle a paper such 
as this, reviewers having at least some of the following expertise were necessary: 

 Detailed knowledge of statistical methods used in paleoclimatological studies, such as principal 
components. 

 Familiarity with paleoclimatological methods and proxy analysis. 
 Familiarity with the “hockey stick” controversy and related scientific literature 

 
The catalog of errors and issues identified indicate that neither the reviewers nor the editor had any of the 
required expertise. Moreover, the editor has failed to rein in the authors’ frequent tendentious editorializing. 
 
My recommendation is that the article be published as is, but with an appropriate detailed 
corrigendum. AOAS should publish an accompanying editorial analyzing the reasons for the 
clear failure of the editorial and review process and outlining steps to prevent similar 
problems in the future. Clear guidelines should be promulgated to guide AOAS authors in 
their use of scientific references, and the use of non-peer reviewed, non-scientific reports 
should be repudiated, explicitly naming the Wegman report and supplementary testimony as 
canonical examples. Journal policy should also explicitly reject unacceptable editorializing. 
Finally, AOAS should ensure that the selected reviewers cover between them the required expertise, 
including recognized competence in the field of application and knowledge of the actual statistical 
methodologies employed. 
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