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SUBMISSION BY THE CLIMATIC RESEARCH UNIT 

TO THE INDEPENDENT CLIMATE CHANGE E-MAIL REVIEW 
1 MARCH 2010 

 
 
The Climatic Research Unit, at the University of East Anglia, welcomes the opportunity to 
answer the questions asked of it by the Independent Climate Change E-mail Review.  It 
recognises that the theft of e-mails in November 2009 has led to many questions in the media 
and the blogosphere.  It accepts that there are justifiable questions which may be asked, 
following the publication of the stolen e-mails which represented a tiny fraction of those 
received and sent by the Unit during the period in question. 
 
However, the justifiable questions have been swamped, we believe, by ill-informed opinion 
and distortion. 
 
Consequently, we are pleased to be able to address both the reasonable and informed concerns 
and the greater number of misinformed or distorted concerns through the medium of our 
answers to the specific questions asked of the Unit by the Independent Climate Change E-
mail Review. 
 
We note that, in some instances, the questions stray into areas which appear to be beyond the 
issues raised by the stolen e-mails, but – similarly – we welcome the opportunity to respond 
to them. 
 
The questions are answered in sections corresponding to the eight main issues identified by 
the Review. 
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Issue 1. The allegation of ignoring potential problems in deducing palaeotemperatures 
from tree ring data that might undermine the validity of the so-called “hockey-stick” 
curve. 
 
In the late 20th century, the correlation between the tree ring record and instrumental record of 
temperature change diverges from that for the earlier period. The cause of this divergence 
does not appear to be understood. If the method used to deduce temperatures from tree ring 
proxy metrics for the earlier tree ring record is applied to the late 20th century tree ring series, 
then declining temperatures would be deduced for the late 20th century. It is alleged that if the 
cause of divergence between the tree ring and instrumental temperature record is unknown, it 
may have existed in earlier periods. Therefore if tree rings had similarly failed to reflect the 
warming of the early Middle Ages, they may significantly under-estimate the warming during 
the Medieval Warm Period, thus falsely enhancing the contrast between the recent warming 
and that earlier period. (It is this contrast that has led to statements that the late 20th century 
warming is unprecedented during at least the last 1000 years.) 
 
Before answering the specific questions listed under Issue 1, it is necessary to make some 
preliminary remarks about the formulation of the principal statement and the accompanying 
text, provided as context by the review committee. 
 
The principal statement does not distinguish between dendroclimatic research at CRU and the 
work of other researchers elsewhere. Some of these other researchers may have used 
published chronologies or tree-ring-based reconstructions produced at CRU, in work intended 
to represent large-scale average temperature changes, particularly over the last 1000 years or 
more. One such study, undertaken by Professor Mike Mann and colleagues (Mann et al. 
1999), was the source of one reconstruction, representing annual Northern Hemisphere 
average surface temperatures, that is commonly referred to as the ‘hockey stick’ curve. CRU 
was not directly involved in that work. 
 
It may be deduced that the intended focus of the issue as identified by the Review Committee 
is the “divergence” phenomenon, and the implications that this has for current understanding 
of the character of “Medieval” warmth. The allusion to the “warming of the early Middle 
Ages” is not associated with any specific timing or with reference to specific published work. 
We note that no reference is made to specific emails that might imply justification for any 
accusation of manipulation or suppression of data that would call into question the propriety 
of CRU dendroclimatic research. 
 
As a consequence, our answers to the questions listed under Issue 1 attempt to address the 
relevant points principally as they apply to our own work, but making reference to wider 
research on the issues, where deemed necessary. We will show that the observation of 
‘divergence’ is real; that CRU has not ignored or concealed its potential significance; the 
cause or causes of divergence are not fully understood;  that divergence does not entirely 
invalidate even those tree-ring reconstructions that are affected by it; and finally, 
because divergence does not affect any of our tree-ring-based temperature 
reconstructions that extend back to medieval time, the divergence phenomenon does not 
undermine the validity of our current estimates of the degree of warmth during the 
Medieval Warm Period. We provide general background and supporting references to 
published CRU work, through which our contribution to the development of 
dendroclimatology, our openness as regards its limitations and challenges, and the 
implications of the divergence phenomenon, can be gauged. 
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1.1   What method do you use to deduce palaeotemperature from tree-ring data? 
 
In common with prior research practice in dendroclimatology, CRU has adopted an empirical 
approach to the interpretation of tree-ring-derived data as evidence for past climate variability. 
General texts describing tree-ring methods include Fritts (1976), Cook and Kairiukstis (1990) 
and Briffa (1995). Axiomatic in this approach is a clear separation between the processes of 
constructing a tree-ring chronology or chronologies (i.e. time series of averaged tree-growth 
records), as distinct from making inferences about the variability of some specific climate 
parameter based on the evidence provided by the chronology data. These inferences are 
dependent on the nature and strength of the statistically-assessed association between tree 
growth and climate, established through a comparison of overlapping tree-ring chronology 
data and instrumental climate records. We now describe CRU work with respect to these two 
categories of chronology construction and inferring climate information. 
 
Chronology Construction 
Our intention when building a tree-ring chronology is to try to produce a statistically robust, 
year-by-year record of changing net tree productivity, representative of either a local site or a 
wider geographical region, depending on the scale and required spatial resolution of the study 
in question. 
 
Where the ultimate aim is to reconstruct some aspect of changing temperature conditions, 
tree-ring sampling will be focussed on areas and sites where prior knowledge of the 
ecological and physiological controls on tree growth suggest potential for a strong 
temperature limitation of annual growth, i.e. often in areas where trees are growing near high-
latitude or high-elevation tree lines. 
 
In the field, the usual procedure is to take one or more radial core samples, within trees and 
between trees to provide a representative sample of yearly growth across the local tree 
population. Sampling multiple trees provides the replication of data required to allow rigorous 
cross-comparisons of the high-frequency variability, in all series of measurements of the 
relevant extracted parameters (e.g. total ring width or maximum-latewood density – MXD). 
This systematic inter-series comparison is routine practice in dendroclimatology, used to 
ensure accuracy in the dating of all ring values, known as “crossdating”. It establishes an 
absolute calendrical time frame for all data (Wigley et al. 1987).  
 
By virtue of the accuracy of sample dates, multiple series can be averaged together to provide 
an annually-resolved chronology. The underlying, common pattern of tree growth variability 
through time is increasingly better expressed because random deviations, apparent in different 
trees across the site, cancel in proportion to the number of data series incorporated in the 
chronology (Wigley et al. 1984, Briffa and Jones 1990). 
 
However, before averaging them, the ‘raw’ tree-ring measurement series are “standardised”. 
Effectively this involves a form of statistical detrending to remove possible biasing effects of 
naturally reducing width and density apparent in measurements from the inner to outer rings 
of a tree. These growth trends, related to a tree’s age and size, are a consequence of the 
geometric, mechanical and physiological constraints on the processes that allocate new 
material to radial stem production.  
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In our early work (during the 1980s and 1990s), in common with other researchers, we 
frequently used data-adaptive (essentially curve-fitting) standardisation methods to produce 
dimensionless series of tree indices, with zero slope over the lifespan of an individual tree. 
This type of detrending removes evidence of climate variability on long timescales in 
chronologies produced using this approach (i.e. typically losing information on timescales 
longer than the average age of individual trees).  
 
However, because the detrending algorithm is also unable to distinguish between local 
variance associated with climate change and variance associated with age-related bias, some 
additional evidence of climate variability on shorter timescales (on the order of decades) may 
also be removed, or the local trend distorted, particularly near the recent (i.e. modern) end of 
chronologies (Briffa 1995, Cook et al. 1995, Melvin and Briffa 2008, Briffa and Melvin 
2010).  
 
To mitigate the time-scale limitation that arises in traditional forms of standardisation, we 
proposed the use of a technique that had been used in some early forestry studies but had not 
been widely used in dendroclimatology. Now generally termed Regional Curve 
Standardisation (RCS), this method is based on constructing a single, ‘best-estimate’ 
statistical model of the expected change in ring width or density as a function of tree age, for 
all trees in a region (Briffa et al. 1992a). By expressing the measured ring-growth for each 
tree in the form of deviations from this expectation, the age biasing effect is removed from the 
raw data, but because this model does not fit directly to each measurement series, the resulting 
mean index series for each tree is not constrained to be 1.0 nor is its slope constrained to be 
zero as in earlier, curve-fitting methods. This means that chronologies produced using the 
RCS approach are able to preserve the evidence of long-timescale climate change. However, 
we recognise that the RCS approach is generally only applicable if the tree samples span a 
very long period of time and are well distributed, overlapping each other, through time (Briffa 
et al. 1992a, Briffa et al. 1996, Melvin 2004, Briffa and Melvin 2010). If the sample trees 
have largely parallel life spans, the standardisation model itself will be biased by common 
climate forcing influencing the expected growth value at particular ages where the climate 
exerts a common influence on all trees. To date, this problem has largely restricted the use of 
RCS to the development of long chronologies spanning many hundreds or preferably 
thousands of years, in those few locations where old sub-fossil tree remnants exist.  
 
We have recently developed a “signal-free” technique of standardisation, in which common 
chronology variance is removed from each of the sample measurement series in an iterative 
separation of the potential climate and non-climate variance. This approach overcomes the 
local distortion problem but if applied to the traditional (i.e. curve fitting or data adaptive) 
methods we refer to above, it still cannot overcome the loss of long-timescale climate 
information. We believe that using the ‘signal-free’ approach in conjunction with the RCS, 
should allow us to mitigate bias effects in the RCS and enable its use to standardise shorter, 
living-tree chronologies (Melvin 2004, Melvin and Briffa 2008, Briffa and Melvin 2010). 
 
It is important to understand that the construction of tree-ring chronologies is achieved 
entirely independently of any knowledge about the behaviour of climate parameters that we 
aim to reconstruct. Within the obvious constraints of the availability of samples, the decision 
on which, or how many, tree data series to incorporate in a chronology is made solely on the 
basis of analysis of the common tree growth signal, with the intention of achieving an 
optimum and consistent expression of this signal throughout the length of the chronology. 
Depending on the focus of the study, a chronology may be processed to emphasise some 
particular timescale of information or alternatively to investigate information in some 
predefined region, but at no time have the constituent tree-ring data been chosen by CRU on 
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the basis of comparison with climate data. The interpretation of the climate signal contained 
in a chronology is a subsequent and separate process.  
 
 
Inferring past temperature variability from tree-ri ng chronologies 
Whatever the expectation of climate control over tree-ring growth, it is common practice to 
demonstrate the actual character and strength of the relationship between tree-ring chronology 
and climate variables and to formalise this relationship in a way that allows past estimates of 
the tree-ring variability to be interpreted as evidence of past climate change. This is most 
often achieved using linear regression analysis. Establishing the nature of the climate 
influence on tree growth involves regression where the dependent (tree-growth) series is 
expressed as a function of the variability in an ensemble of climatic series (e.g. a number of 
monthly mean temperature and precipitation series). This is known as calculating a ‘response 
function’: a set of regression coefficients whose signs and magnitudes suggest the character of 
seasonal climate influence on tree growth and indicate the climate variable (e.g. mean June-
August temperature) that might be optimally reconstructed using these tree-ring data (Briffa 
and Cook 1990).  
 
A ‘transfer-function’ is subsequently developed. Again this is a set of regression coefficients 
but, in this case, one which when multiplied by past tree-growth variability provides estimates 
of past climate (Briffa et al. 1983, Cook et al. 1994, Osborn and Briffa 2000). 
 
In practice, depending on the nature of the problem and the availability of data, a range of 
possible regression scaling techniques might be used to produce climate reconstructions: from 
simple least-squares linear regression, involving one predictand and a single predictor, up to 
the most complex spatial problem where multiple predictand series (such as in a network or 
grid of temperature data) are estimated simultaneously using a set of multiple predictors.  To 
reduce the effective number of predictors in such regressions, some form of principal 
components regression may be employed, such as Orthogonal Spatial Regression (Briffa et al. 
1986, Cook et al. 1994).  
  
Where multiple regression is used to derive a transfer function (i.e. ‘calibrate’ the 
reconstruction equation) there is always potential for ‘over fitting’ in estimating the regression 
coefficients, particularly where the ratio of dependent to independent data is low. To assess 
this possibility it is common practice to ‘verify’ the regression equation by using it to produce 
estimates of climate data that are independent of those used in the calibration procedure. 
Statistical metrics of the goodness of fit between actual and estimated data can provide a more 
reliable indication of likely reconstruction fidelity than might be assumed on the basis of the 
calibration-period comparison alone (Briffa et al. 1986, Cook et al. 1994). 
 
Having identified and assessed the strength of statistical association represented by the 
regression equations, past tree-ring data are used to produce estimates of past climate over the 
longer period represented by the tree-ring chronology. Importantly, these estimates can be 
presented along with information about their statistical confidence. This is ultimately a 
function of both the statistical quality of the chronology data and the strength of the match 
with the particular climate variable being reconstructed. It is important to note that both of 
these may, and should ideally, be expressed in a way which makes clear their time-scale and 
time dependence (Briffa et al. 2001, Briffa et al. 2002a, Jones et al. 2009). 
 
The large majority of tree-ring data used in CRU work aimed at reconstructing different 
aspects of temperature history were acquired directly from international collaborators: the 
most significant being ring-width and wood-densitometric measurements from a network of 
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living-tree sites circling the Northern Hemisphere produced by Fritz Schweingruber and 
colleagues at the Swiss Federal Institute for Forest, Snow and Landscape Research in 
Birmendsdorf, Switzerland (WSL). These data provided the basis for collaborative CRU/WSL 
work in reconstructing detailed, spatially-explicit patterns of summer temperature variability, 
expressed on regional grids covering much of North America and Europe, and extending over 
three to six centuries (Briffa et al. 1988, 1992b) and a wider expanse of the northern 
hemisphere (Briffa et al. 2002b). Reconstructions, using these data, have been made of 
regional-average temperatures across sub-continental areas of high-latitude or high-elevation 
regions of the Northern Hemisphere. These have also been aggregated and scaled to represent 
a pseudo-hemispheric average reconstruction running from 1402 to 1994 (Briffa et al. 2001, 
Briffa et al. 2002a). 
 
WSL also provided longer densitometric data sets extracted from both living trees and 
remnant (sub-fossil) wood in both Sweden and the Polar Ural mountains in Russia that CRU 
used to produce millennial-length temperature reconstructions in these areas. Stepan Shiyatov 
and Rashit Hantemirov (Ural Division of the Russian Academy of Science, Ekaterinburg) and 
Eugene Vaganov and Muchtar Naurzbaev (Siberian Federal University, Krasnoyarsk) made 
available tree-ring width data from the Yamal and Taimyr Peninsular regions of Siberia; Matti 
Eronen and colleagues (University of Helsinki) provided data from northern Finland; and 
Wibjörn Karlén and Håken Grudd (Stockholm University) provided data from northern 
Sweden.  
 
In collaboration with all of the above colleagues, CRU has also produced longer, multi-
millennial chronologies and inferred histories of regional summer temperature changes at 
discrete locations stretching from west to east across much of northern Eurasia (for details and 
references see Table 1.2, Section 1.6). 
 
Underlying assumptions and the nature of uncertainty in dendroclimatic reconstruction 
It is well recognised and widely publicised that the approach to climate reconstruction 
described above relies on the fundamental assumption of ‘uniformitarianism’: i.e. that those 
climate processes controlling the growth of trees during the time when empirical relationships 
are established, remain constant over previous times, to an extent that does not invalidate the 
inferences we draw about the nature of past climate variability based on those relationships. 
CRU has never fudged or underestimated the issue of uniformitarianism. Below we list 
examples of published CRU work that provide support for this statement: 
 

“Not least, we need up-to-date studies of the responses of trees, and other proxies, to 
the dramatic increases in hemispheric and global temperatures measured in the past two 
decades and their interactions with the other environmental changes that are occurring 
simultaneously. A number of tree-ring chronologies have displayed anomalous growth or 
changed responses to climate forcings on different time scales in very recent decades (3,9). 
Understanding the reasons for these changes is important for understanding the causes and 
limits on past tree growth. Paradoxically, therefore, more work in the recent period is 
required to better interpret the early proxies. Few of the proxy series run up to the present, 
however, and updating these will involve considerable effort” (Briffa and Osborn 1999). 
 

“The implications of this phenomenon are important. Long-term alteration in the 
response of tree growth to climate forcing must, at least to some extent, negate the underlying 
assumption of uniformitarianism which under-lies the use of twentieth century-derived tree 
growth climate equations for retrodiction of earlier climates.” (Briffa et al. 1998a) 
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“However, in many tree-ring chronologies, we do not observe the expected rate of 
ring density increases that would be compatible with observed late 20th century warming. This 
changing climate sensitivity may be the result of other environmental factors that have, since 
the 1950s, increasingly acted to reduce tree-ring density below the level expected on the basis 
of summer temperature changes. This prevents us from claiming unprecedented hemispheric 
warming during recent decades on the basis of these tree-ring density data alone.” (Briffa et 
al. 2004) 
 
CRU has consistently worked to identify possible limitations and possible improvements in 
the methods used to construct chronologies, and in the methods used to interpret them in 
terms of past temperature changes. We do not claim that any particular approach or statistical 
method that we have proposed is definitive or that any reconstruction we have produced is 
without deficiencies. Our work in this field has evolved over nearly three decades. In this time 
we have attempted to recognise the limitations of earlier practice, as followed by CRU and 
others, and to suggest methodological improvements where we deemed these necessary, 
especially in the light of new and evolving scientific questions such as the increasing focus on 
the nature of large-scale, long-term temperature variability (e.g. Briffa et al. 1996).  
 
In our publications we have been forthright about the underlying assumptions and limitations 
of the field. We also recognise that aspects of some of our earlier-published work could be 
improved. We are continuing to work on re-examining and revising our published 
reconstructions.  However, all of this should be viewed as the normal process of ongoing 
research. It does not suggest any fundamental flaws in our work. It most certainly cannot be 
taken to imply either complacency on our part or any attempt to deceive. There is no evidence 
in the stolen CRU emails or anywhere else, of any impropriety in our dendroclimatic research 
or in the way this is communicated to the scientific community and the general public. 
 
We would draw the panel’s attention to two particular recent pieces of work, both co-authored 
by CRU researchers, where the question of the reliability of dendroclimatology is explicitly 
dealt with. The first is a white paper “What are the Sources of Uncertainty in the Tree-Ring 
Data: How can They be Quantified and Represented?”. This was prepared by Keith Briffa 
and Dr. Edward Cook (Lamont Doherty Earth Observatory, New York), to stimulate 
discussion on the possible future direction for dendroclimatic research. It was an invited 
presentation to a PAGES/CLIVAR Workshop, “Reducing and representing uncertainties in 
high-resolution proxy climate data” and is available from 
http://users.ictp.it/~smr1972/Briffa_Cook.pdf. The second is the dendroclimatic section (p8-9) 
of a review paper published in the journal Holocene (Jones et al. 2009). This contains a 
substantial and frank discussion about the limitations and challenges in current and future 
tree-ring research. 
 
1.2   Does not the problem of divergence for the late 20th Century record invalidate the 
deduction of tree-ring palaeotemperatures for the period prior to the instrumental 
record? 
 
We do not believe that ‘divergence’ invalidates climate reconstruction. However, before 
detailing the basis for this blunt statement, we provide some background on the precise 
meaning of the concept of ‘divergence’.  
 
‘Divergence’, as CRU has described it (e.g. Briffa et al. 1998b), is the observation that some 
tree-ring chronologies, whose variability exhibits a clear association with summer temperature 
fluctuations over periods leading up to the mid 20th century, fail to exhibit the same warming 
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trend as seen in co-located instrumental data after that time. Hence, the divergence between 
chronology and instrumentally recorded temperatures is recognised on a multi-decadal 
timescale. It is not necessarily evident at the shorter (i.e. inter-annual) timescale. Tree-ring 
data from some apparently ‘divergent’ locations show strong ‘year-by-year’ agreement with 
measured temperature data throughout the 20th century. It also needs to be stressed that this 
‘divergence’ is not apparent in all temperature-sensitive series (Wilson et al. 2007, Briffa et 
al. 2008, Briffa and Melvin 2010). Any assumption that this is a ubiquitous observation in 
tree-ring studies is erroneous. Where it can be recognised, the apparent timing and degree of 
divergence will depend on the particular chronology being considered (including its location 
and the extent of regional aggregation involved), the precise temperature data with which it is 
compared (especially with regard to season), and importantly, as will be discussed later, it will 
depend on the manner in which the chronology has been standardised. 
 
It could be argued that the first published observation of divergence can be traced to a 1995 
paper, which described the analysis of ring-width and density data derived from five near-
tree-line sites in Alaska, in which it was stated: 

“... these particular trees are not responding to the renewed warming that started in 
the late 1970s. We believe that moisture stress is limiting the current tree-ring width response 
at these sites.” (Jacoby and D'Arrigo 1995).  
 
It was probably in a paper published in 1998, describing an analysis of tree-ring and density 
data from a much larger network of temperature sensitive sites around the northern 
hemisphere, that the first specific reference to ‘divergence’ was made: 

“A negative bias in the comparable tree-growth records during the second half of this 
century is apparent in all regions. In all but the two southern regions, the temperature and 
tree growth curves increasingly diverge.” (Briffa et al. 1998b) . 
 
In one earlier publication (Briffa et al. 1992a) describing an analysis of ring-width and MXD 
in northern Sweden, we discuss a related observation of ‘divergence’ where a local, ring-
width chronology tracks the local rise in measured late 20th century temperatures, but a 
parallel chronology constructed from density measurements from some of the samples used to 
produce the ring-width chronology, exhibits a recent decline relative to the ring-width (and 
local temperature) data. In that paper it was assumed that the density decline was a recent 
phenomenon and a clear ad hoc correction, based on a comparison between the ring-width and 
density data, was applied before the ‘corrected’ chronology was used to reconstruct past 
temperature. No attempt was made to disguise this correction. We have subsequently 
established that the reason for the relative density decline in this case was a bias in the RCS 
curve used to remove the influence of tree ageing from the original density measurements. 
The bias came about because the standardisation curve (that quantifies the expectation of 
MXD as a function of ring age) was calculated without removing the parallel influence of 
climate on the growth of old age trees (see Section 1.1 for a discussion of standardisation and 
later discussion in this section for details of the bias issue). When a more appropriate 
application of standardisation is used, the agreement between these ring-width and density 
chronologies is markedly better, providing support for the efficacy of the original “correction” 
applied to the MXD data in our 1992 paper (for details of the later analysis see Briffa and 
Melvin, 2010). Because our original correction to the MXD chronology was subsequently 
shown to be justified and because the cause of the problem was shown to affect only the 
recent end of the chronology, we contend that our reconstruction of northern Swedish 
temperatures that used it (Briffa et al. 1992a) can justifiably be considered to be not 
significantly affected by divergence. 
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Following these early observations of divergence, some 30 published papers have alluded to, 
or claimed to provide evidence of supposed manifestations of ‘divergence’ and some have 
suggested various possible causes. A useful overview is provided in a review by D’Arrigo et 
al. (2008). 
 
To establish whether divergence might “invalidate the deduction of tree-ring 
palaeotemperatures for the period prior to the instrumental record” it would first be 
necessary to establish the cause of the divergence for the specific case. If it were associated 
with some ‘recent’ and unprecedented factor or factors, then it might be assumed that no 
previous similar influence could have been exerted on early tree growth. However, even if 
this were the case, it would still be necessary to avoid biasing early reconstruction estimates, 
as might occur were the recent ‘affected’ tree-ring chronology indices allowed to unduly 
influence the calibration of the prediction transfer function. In such a case, the potential extent 
of bias would likely be associated with the scale of the divergence relative to the magnitude of 
inter-annual variance in both tree-ring and predictand temperature data.  
 
When we published the wide-scale evidence for late-20th century divergence in the WSL data 
set (Briffa et al. 1998b), we made it clear that we did not know the cause. We showed that it 
was most evident in the averaged chronology data for northern regions, in North America and 
Eurasia. We speculated that it might be associated with one or more factors related to other 
environmental changes that had potential to affect recent tree growth. However, even with the 
recent divergence, these data still displayed significant correlations with co-located 
temperature data (in some cases at levels better than other tree-ring data not affected by 
divergence). The seasonal consistency and strength of these correlations were particularly 
notable in the tree-ring density chronologies. This indicated that these data could still be 
justifiably exploited as providers of useful information about past temperature variability. 
CRU subsequently used these data to produce locally-gridded and regional-average 
reconstructions of summer (April-September) average temperature variability extending over 
much of the Northern Hemisphere land (Briffa et al. 2001, Briffa et al. 2002b). Clearly, 
knowing that divergence produced a negative offset in the means of the MXD compared to 
the local temperature record (regardless of the cause) we recognised that regressing one 
against the other might produce earlier reconstruction estimates that were systematically 
offset so that a mean of the reconstruction prior to the calibration period would be artificially 
raised. To avoid biasing the reconstruction, we chose to calibrate the regression over the 
period up to 1960, i.e. omitting the data for the period of the divergence (Briffa et al. 2001, 
Briffa et al. 2002a, b).  
 
In a situation where the cause of divergence was shown to be a breakdown in the linear 
response of tree growth to increasing temperatures, e.g. due to the exceedence of some 
absolute temperature threshold and a concomitant increased sensitivity to drought stress, as 
was suggested in work by Gordon Jacoby and colleagues (Jacoby and D'Arrigo 1995, 
D'Arrigo et al. 2004,  and see also D'Arrigo et al. 2008), this would certainly have 
implications for the reliability of earlier temperature estimates made using chronologies 
exhibiting this form of divergence. In such a situation, reconstructions of past warmth would 
likely be capped at, or near to, this same temperature threshold, assuming that other factors 
such as controls on past soil hydrology were similar to those of today. However, even this 
scenario would not entirely invalidate previous temperature reconstructions. If we take 
“invalidate” to mean “make not true because based on incorrect or unsound reasoning” 
(OED) we would argue that these ‘divergent’ chronologies could still provide valuable 
information about past temperatures; specifically where the estimated data in the 
reconstruction remained at levels below the postulated temperature threshold.  
 



Copyright of all unpublished text and figures belongs to the Climatic Research Unit, University of East Anglia     
 

Page 11 of 78 
Issue 1 of 8 

However, the hypothesis that some high-latitude trees are experiencing increasing drought 
stress during the late 20th century may be open to question. CRU work strongly suggests that a 
significant causal factor, in at least some instances of divergence, may be systematic bias in 
the standardisation process. Where tree-ring data (ring-width or density) series are detrended 
by removing the variance associated with some statistical function that has been fitted directly 
through the data (such as a modified negative exponential curve), the fitting process does not 
distinguish between measurement variability representing the processes associated with tree 
ageing and variance representing the superimposed influence of climate variability.  
 
A modern warming trend could raise the value of recent measurements to an extent that would 
cause a displacement of the fitted curve, relative to the underlying ageing trend, with the fitted 
curve effectively tracking the evidence of rising temperatures. In the index series produced by 
removing the variance defined by this fitted function, evidence of the warming will 
necessarily be reduced or distorted (see Melvin 2004, Melvin and Briffa 2008, Briffa and 
Melvin 2010). 
 
There are good grounds to suspect that the form of tree-ring standardisation employed in the 
North American work (D'Arrigo et al. 2004) may have been partly responsible for the 
observed divergence between chronology and instrumental data. CRU has reanalysed the 
work described in D’Arrigo et al. (2004), in which the authors specifically attributed an 
observation of divergence at the North American tree line to a non-linearity in the tree growth 
response to summer (July and August) warming above a specific threshold of 11.3°C. We 
believe we can show that some of this effect is caused by recent standardisation bias. Our 
work even suggests that the apparent non-linearity in the growth response to local 
temperatures is largely removed when the ‘signal-free’ modification of the standardisation 
technique (referred to in Section 1.1), is used. Additional support for the possibility that this 
particular observation of divergence is not caused by recently induced drought stress is 
provided by the observation that statistically significant year-by-year correlations (i.e. as 
represented in high-pass filtered series) are maintained between summer (June and July) 
temperature and tree-ring growth throughout the period of trend divergence. CRU work on 
this issue is as yet unpublished, although it has been presented at seminars and discussed with 
colleagues in the US and the UK (see the reference to our hypothesis as a pers. comm. in 
D'Arrigo et al. 2008). If this hypothesis of a standardisation bias proves to be true, it may also 
be shown to be relevant to other wider observations of divergence, including our own 
published work (i.e. Briffa et al. 1998b). This would weaken the case for the possibility of an 
upper temperature limit on the reconstructed warmth. 
 
The possibility of such a standardisation bias was considered at the time of writing our paper 
(Briffa et al. 1998b), but an examination of the fits of a number of randomly selected 
standardising functions applied to the tree-ring data used in that work did not reveal any 
obvious bias. We now suspect that the small magnitude of the trend distortion in individual-
core measurement series is obscured by the larger inter-annual variance within which it is 
contained. The consistency of this bias, which affects the indices from many trees at the same 
time, produces a much clearer divergence in the regional and hemispheric average 
chronologies. 
 
This issue of divergence is currently far from resolved and more research is required to better 
characterise individual cases, the causes and wider implications (Briffa and Osborn 1999, 
Jansen et al. 2007). 
 
It is self evident that where tree-ring data do not show a recent loss of climate sensitivity, 
there is no basis for assuming underestimation in the magnitude of reconstructed 
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warmth, at least up to the level of warmth represented in the calibration estimates 
(Graumlich and Brubaker 1986, Jones et al. 2009). It is worth stressing that many 
chronologies do not exhibit divergence. This includes a number of long tree-ring based 
chronologies associated with CRU that have been widely incorporated in efforts to 
reconstruct regional-scale, or even hemispheric-average, histories of temperature 
variability. The long ring-width chronologies for ‘Northern Sweden’, ‘Northern Sweden 
and Finland’, Polar Urals, Yamal, Taimyr, and ‘Eurasian Arctic’ are all unaffected by 
divergence (see details listed in Table 1.2, Section 1.6). An observation of divergence in a 
maximum-density chronology for northern Sweden (Briffa et al. 1992a) was later shown 
to be caused by the method of chronology production. The ad hoc correction applied to 
the original work was, therefore, appropriate and the temperature reconstruction for 
northern Sweden that made use of the corrected chronology is not invalidated by 
divergence.  
 
 
1.3   How open have you been about this issue? 
 
CRU has been entirely open about the issue of divergence. Indeed CRU published one of the 
first papers presenting the evidence identified in a large set of temperature sensitive ring-
width and MXD chronologies circling the Northern Hemisphere (Briffa et al. 1998b). In this 
paper we pointed to the problematic implications for dendroclimatic studies and specifically 
the problems that it posed for reconstructing past temperatures accurately on the basis of the 
affected data: 

“Whatever the cause, this change in tree-growth response has important implications 
for studies of past and future climate change. The common use of least-squares regression for 
developing dendroclimatic transfer function equations to estimate past climates, imposes an 
equality of means in both the predictand and predictor time series over the fitting or 
‘calibration’ period. Any bias in mean tree growth will, therefore, be ‘corrected’ during 
calibration, with the consequence that the derived regression coefficients will be biased. Our 
results imply that this might increasingly result in systematic overestimation of past 
temperatures,…” (Briffa et al. 1998b). 
 
Our later publications contain additional clear references to the phenomenon, describe 
analysis intended to further clarify its characteristics, and explore possible causes (See also 
our response to Issue 3).  The following selection of quotes is included here to demonstrate 
the open way in which we have treated this issue: 

“The implications of this phenomenon are important. Long-term alteration in the 
response of tree growth to climate forcing must, at least to some extent, negate the underlying 
assumption of uniformitarianism which under-lies the use of twentieth century-derived tree 
growth-climate equations for retrodiction of earlier climates. At present, further work is 
required to explore the detailed nature of this changing growth-climate relationship (with 
regard to species, region, and time dependence). It is possible that it has already contributed 
to some degree of overestimation in published reconstructed temperature means, more likely 
only those that attempt to reconstruct long time-scale information. However, in various 
earlier work, we either made empirical correction for apparently reducing recent MXD 
(Briffa et al. 1992), or undertook detailed analysis of regression weight-stability and 
calibration and verification-period regression residuals when fitting regressions over earlier 
and recent data (Briffa et al.1995). These analyses did not indicate the likelihood of a bias in 
these reconstructions, but future reconstruction work must either find a satisfactory means of 
correcting for any recent (non-climatic) tree-growth bias or be calibrated against data that 
do not include it. However, by further reducing the overlap between instrumental 
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temperatures and tree-growth records, the opportunities for independent verification of the 
low-frequency (multi-decadal and longer) component of temperature reconstructions are also 
further reduced.” (Briffa et al. 1998a) 
 

“ In the absence of a substantiated explanation for the decline, we make the 
assumption that it is likely to be a response to some kind of recent anthropogenic forcing. On 
the basis of this assumption, the pre-twentieth century part of the reconstructions can be 
considered to be free from similar events and thus accurately represent past temperature 
variability.” (Briffa et al. 2002a) 
 

“Over virtually the whole of the remaining area, it is easily discernible and at three 
areas in particular, all at higher latitudes, the decline in density relative to local temperatures 
is even stronger than that represented by the average high-latitude decline: in north central 
Canada, northwest Siberia south of Novaya Zemlya, and northwest central Siberia just east of 
the Taimyr Peninsula. Though these differences in trend are real, they are largely masked at 
local scales by the high inter-annual variability of the temperature and MXD data that is 
largely coincident in both, even in the second half of the 20th century.” (Briffa et al. 2004) 
 

“…some slowly varying factor began to exert a very widespread negative influence on 
the trend of these MXD data from around the middle of the 20th century, with effects at higher 
frequency also becoming noticeable in some high-latitude regions. For the time being, we 
circumvent this problem by restricting the calibration of the density data to the period before 
1960. This reduces the potential overlap between temperature observations and density 
measurements and means that less data can be reserved for independent tests of the validity 
of predictive equations. This situation is far from ideal, but the alternative, using data after 
1960 and thus incorporating non-temperature-related bias when fitting regression equations 
as a function of density variability, would invariability produce earlier estimates of past 
temperature that are, to some extent, too warm.” (Briffa et al. 2004) 
 
  “The examples selected to demonstrate the segment length curse (Cook et al. 1995) 
show the wedge shaped end effects of trend distortion quite clearly. Examination of Figures 
1C and 2C in Cook et al (1995) shows that the amplitude of the difference between the known 
signal and the signal produced by detrending with a sloping line is progressively larger when 
the ends of the series are approached. In these examples the detrending process has reversed 
the sign of the chronology indices relative to the series mean in the initial and final decades 
of the chronologies when compared to the signs of the known signals. (This sign reversal 
relative to the mean would result in a large reduction in the values of correlation of the 
decadal means of the known signal against the decadal means of the chronology indices near 
the ends of the chronology and could create an “apparent” change in sensitivity.)” (Melvin 
2004, p76) 
 
 
1.4   What attempts have you made to resolve it? 
 
As indicated in the answer to previous questions, CRU has undertaken research in an attempt 
to better characterise and identify possible reasons for divergence and to show where it is, and 
where it is not, a relevant issue. Where the phenomenon relates to data series used in our 
work, particularly where they are used to produce reconstructions of past temperature 
variability, we have attempted to mitigate the potential biasing effects of divergence by 
excluding recent (i.e. post 1960) data when calibrating regression estimates. As we have 
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stressed, in all such cases we have clearly indicated that this is the case (Briffa et al. 1998b, 
Briffa et al. 2001, Briffa et al. 2002a). 
 
In 1999, CRU initiated a PhD study undertaken in CRU by Thomas Melvin. The title was 
“Historical growth rates and changing climatic sensitivity of boreal conifers” (Melvin 2004). 
As part of this work, Melvin explored possible causes of divergence in the context of long 
(i.e. millennial-length), high-latitude temperature reconstruction work. Melvin reassessed the 
possibility that “traditional” standardisation techniques (and even some applications of RCS) 
might be implicated in the appearance of divergence (an idea that had been considered but 
too-lightly dismissed in the Briffa et al. (1998b) paper). Melvin’s work focussed also on 
potential improvements in standardisation; especially in the application of RCS techniques 
and in exploring a novel “process-based” approach to tree-ring standardisation. 
 
Though as yet unpublished, CRU has also indicated the possible role of standardisation as a 
cause of the apparent change in climate sensitivity of growth indices from near-tree-line 
conifers in North America (D'Arrigo et al. 2004) as described in Section 1.2. The signal-free 
approach to tree-ring standardisation has been put forward as a possible way of mitigating one 
manifestation of divergence that arises in the use of traditional and RCS-based standardisation 
techniques (Melvin 2004, Melvin and Briffa 2008, Briffa and Melvin 2010). 
 
CRU has recently been awarded a grant from the UK Natural Environment Research Council 
(NERC) to undertake a research project that will systematically explore the hypothesis that 
standardisation techniques are at least a partial cause of observed divergence in a range of 
ecological and geographical contexts. The title of this project is “The dendroclimatic 
divergence phenomenon: reassessment of causes and implications for climate 
reconstruction”. This work will attempt to mitigate the effects through the use of improved 
(e.g. signal-free) standardisation techniques and will reassess a number of early temperature 
reconstructions that make use of previously divergent chronologies. This work will be done in 
collaboration with a number of colleagues who are actively engaged on research into the 
divergence issue (see Table 1.1). 
 
An extract from this proposal states: 

“Based on recent published and unpublished work by the proposers, it has become 
apparent that foremost amongst the possible explanations is the need to account for 
systematic bias potentially inherent in the methods used to build many tree-ring chronologies 
including many that are believed to exhibit this phenomenon.” 
 
As part of this work CRU is jointly arranging a session dedicated to the divergence issue, at 
the WorldDendro2010 international conference. This will be jointly convened by Keith Briffa 
and Thomas Melvin (CRU), and Rosanne D’Arrigo and Kevin Anchukaitis (Lamont-Doherty 
Earth Observatory, New York). This session will review the current status and explore 
ongoing and potential future work on divergence. A description of this session follows: 
 
Formal Collaborators  
Dr. Jan Esper Swiss Federal Research Institute, Switzerland 
Dr. Hakan Grudd Stockholm University, Sweden 
Dr. Samuli Helema University of Helsinki,Finland 
Dr. Kurt Nicolussi Universität Innsbruck, Austria 
Dr Michael Pisaric Carleton University, Canada 
Professor Ben Smith Lund University, Sweden 
Academician Eugene Vaganov Siberian Federal University, Russia 
Dr. Martin Wilmking Greifswald University, Germany 
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Informal Collaborators  
Dr. Edward Cook Lamont-Doherty Earth Observatory, New York 
Dr. Rosanne D’Arrigo Lamont-Doherty Earth Observatory, New York 
Professor Malcolm Hughes University of Arizona, USA 
Professor Brian Luckman University of Western Ontario, Canada 
Dr. Robert Wilson University of St Andrews 
Dr Kevin Anchukaitus  Lamont-Doherty Earth Observatory, New York 
 
Table 1.1: List of agreed collaborators in ongoing research into the divergence phenomenon. 
 
 
“The Divergence phenomenon in Dendroclimatology 
This session will review the current status and explore ongoing and potential future research 
focused on the “divergence” phenomenon in dendroclimatology.  Though generally 
characterised as an observed divergence between the trends in tree growth series and in 
instrumental climate records during the last decades of the 20th century, different studies 
indicate a variety of geographical and temporal descriptions and suggest various 
explanations. The significance of the divergence phenomenon in the context of large-scale 
climate reconstruction is shown by the stress laid upon it in the Fourth Assessment Report of 
Working Group 1 of the IPCC, which  states: ‘At this time there is no consensus on these 
issues…and the possibility of investigating these further is restricted by the lack of recent tree 
ring data at most of the sites from which the tree ring data…were acquired.’ 
 Contributions that describe specific regional or large-scale studies, focusing on recent 
research into the character, mechanisms, causes or implications of ‘divergence’ are all 
welcome.”. 
 
In October 2009, Jonathan Barichivich began a doctoral research project at CRU with the title 
“Future tree growth and potential drought stress in the Boreal Forest”. We envisage that this 
work will include additional empirical and process-model-based research into the causes and 
consequences of changing climatic sensitivity in high-latitude forest growth. 
 
 
1.5   What is the evidence that the amplitude of warming during the Medieval Warm 
Period (MWP) is not underestimated by tree ring evidence? 
 
We interpret this question as asking about the average level of warmth during medieval times, 
compared to the levels over a longer period, running up to the present day (i.e. it is not 
concerned with the rate of temperature change or mean variation within the MWP period). To 
answer the question in the manner in which it is posed would require some prior knowledge 
of the level of medieval warmth. Without this information it is not possible to prove that 
medieval warmth ‘is not underestimated’ by tree-ring-based temperature reconstructions. 
However, we can consider factors that might theoretically lead to either overestimation or 
underestimation in inferring past temperature levels.  
 
Before doing so it might be useful to make some remarks about the concept of a Medieval 
Warm Period (MWP). The notion of a MWP has gained wide acceptance, but largely as the 
conceptualisation of a general notion of relative warmth occurring around the beginning of the 
second millennium. However, its precise character in terms of season, duration and spatial 
extent has never been entirely clear. The early assembled evidence was largely drawn from a 
combination of historical and proxy sources, none of which were precisely dated or formally 
calibrated against modern instrumental data. The evidence was also largely drawn from 
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European sources. While there is no doubt that this concept is a valid one, the degree to which 
it can be validly interpreted as relevant to different regions or defined within precise dates, is 
still open to debate. 
  
Modern thermometer-based temperature records shows us that levels of warmth, such as 
between the first and second halves of the 20th century, vary according to region and season. 
The high latitudes have warmed more than the low latitudes. The warming has been more 
marked in the winter and spring compared to that in summer and autumn. There may have 
been similar seasonal and regional differences in the character of past warm periods. Attempts 
to categorize the nature of medieval warmth or to compare temperature levels then and now 
must take this into account, whether the focus is on specific regions or the globe as a whole 
(Jones et al. 2001, Jones et al. 2003). 
  
To usefully compare the average temperature of the MWP with that of today requires that 
every effort be made to compare like with like: differences in regional representation or 
seasonal biases in the evidence should not be overlooked. Proxy data may have specific 
seasonal sensitivity restricting their value for reconstructing mean-annual temperature 
variability (Briffa and Jones 1993). The uncertainty in calculated reconstruction confidence 
levels in some circumstances may not fully represent long-timescale reconstruction 
confidence.  There may be additional uncertainties due to varying statistical confidence in the 
proxy data through time, including possible limits in their ability to represent the full 
spectrum of climate information (Cook et al. 1995, Briffa and Osborn 1999, Osborn and 
Briffa 2004). These factors combine to produce typically wide confidence limits on tree-ring, 
or combined tree-ring and other proxy-based temperature reconstructions. This must all be 
recognised and considered. 
  
One inescapable conclusion is that our knowledge of 20th century warmth across the globe is 
far better characterised and is much more certain than the evidence provided by indirect proxy 
climate indicators. Any comparison between past or modern warmth can only be made with 
due consideration given to this uncertainty.   
 
In the light of the above remarks, it can be seen that the subject of the posed question is the 
subject of active research. To provide a comprehensive answer would require extensive 
discussion of the above issues, including references to a wide range of literature. Here we 
make some brief comments on a number of aspects relevant to the question.  
 
All the assumptions and limitations we have identified in the above discussion apply to tree-
ring-based estimation of MWP temperatures (e.g. varying chronology confidence, the possible 
confounding influence of non-temperature effects on tree growth, regression calibration 
uncertainty). Where the uncertainty associated with factors is likely to be of indeterminate 
sign, reconstructions are as likely to over-estimate as under-estimate the level of MWP 
warmth. If the uncertainties are independent in different tree-ring reconstructions then 
combining multiple reconstructions would be expected to reduce the magnitude of the average 
uncertainty. The sign of the average uncertainty would still be arbitrary.  
 
Some factors might, however, cause systematic errors (i.e. bias) that could affect a number of 
reconstructions in a similar fashion during the MWP. Such bias would influence the 
reconstruction of the degree of MWP warmth even where multiple reconstructions were 
combined. However, different factors may produce bias in different directions. Inclusion of 
proxy records, whether based on tree-rings or any other type of archive, that are not 
reasonable proxies for past temperatures on the relevant timescales (here multi-decadal to 
multi-centennial) may tend to suppress the amplitude of all reconstructed fluctuations, 
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whether warm or cold. Including proxies that are not accurately dated or which display lagged 
responses to temperature changes may similarly attenuate the evidence of fluctuating warm or 
cool periods. This could result in an underestimation of MWP warmth, because the MWP 
tends to be warm in the context of the last millennium as a whole.  
 
When building tree-ring chronologies with the use of the basic RCS technique (see Section 
1.1), it is possible to introduce biases in the mean chronology at periods where 
inhomogeneous samples are incorporated. Use of sub-fossil tree samples from predominantly 
different altitudes and/or latitudes than the modern, living-tree samples could result in 
systematic overestimation or underestimation of inferred tree growth levels (Briffa et al. 
1996). For example, if sub-fossil samples collected from higher, colder locations are 
compared to those of the modern samples, an underestimation of MWP warmth might result. 
 
There is some discussion in the literature about possible biases in the amplitude of 
temperature reconstructions that are calibrated by some regression techniques, particularly 
suggesting the possibility of underestimating the amplitude of long-term fluctuations in 
reconstructions where the regression calibration is strongly influenced by high inter-annual 
variance in the predictor and predictand variables. Where such biases are real, they will have 
greatest effect during periods where reconstruction estimates deviate furthest from the mean 
of the 20th-century calibration temperatures (Jones et al. 2009).  The implications of this issue 
for particular reconstructions is unclear as different reconstructions are scaled using different 
regression (and non-regression) techniques, applied sometimes to annually-resolved data and 
sometimes to smoothed data. It may be that, within the last 1300 years or so, this issue is of 
more concern for establishing the magnitude of “Little Ice Age” (LIA) cooling than for the 
magnitude of MWP warmth because the values of many proxy data lie closer to the modern 
calibration mean in the MWP than they do during the LIA. 
 
Long tree-ring-based temperature reconstructions typically represent spring, summer or 
growing-season temperatures, and temperature-sensitive chronologies are disproportionately 
located in areas towards the higher latitudes of the NH (Jansen et al. 2007). If the MWP is 
expressed most strongly in summer in high northern latitudes (see Figure 6.2.2 Bradley et al. 
2003,  and Goosse et al. 2006), compared with winter and lower latitudes, then the tree-ring-
based reconstructions may be sampling the region and season of greatest MWP warmth. 
Compared to an estimate of annual warmth over the full NH or global domain, these tree-ring-
based reconstructions may produce an overestimation of MWP warmth. 
 
Then there is the divergence phenomenon discussed previously (Section 1.2). As we have 
described, if this turned out to be a real change in the climate response of tree growth that 
could have  acted similarly in the past, as distinct from either a sampling bias in chronology 
construction or the result of imperfect standardisation techniques, and it were not due to some 
other recent, anthropogenic influence that would be absent in prior warm periods (Cook et al. 
2000), then the divergent chronology data might also underestimate the warmth of the MWP. 
However, again we stress that the widely recognised observation of divergence (Briffa et 
al. 1998b) applies to a particular set of chronologies that make up the tree-ring density 
network collected by Fritz Schweingruber and colleagues (Schweingruber et al. 1993). 
These data do not extend back to the MWP and have no bearing on the reconstruction 
of medieval temperatures. 
 
To summarise the evidence for a tree-ring-based underestimation of large-scale-average 
MWP warmth we can state the following points: 
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• None of the chronologies that contribute to the estimate of MWP warmth has been 
shown to be affected by divergence (but see earlier discussion on Swedish MXD data 
in Section 1.2). 

• Some of the chronologies, if calibrated using simple least-squares linear regression, 
may underestimate the level of MWP warmth, but as the estimate does not lie far from 
the average temperatures over the modern calibration period, this underestimation is 
not likely to be large. 

• In many reconstructions of northern-hemisphere-mean temperatures, the evidence 
during medieval times is largely dependent on relatively few, tree-ring-based 
chronologies. Because these chronologies predominately represent summer conditions 
at high latitudes, the reconstructions that are overly dependant on tree-rings may 
overestimate true hemispheric warmth. 

 
Considering these points we would conclude that it is not possible to make a strong 
case for the proposition that tree-ring evidence significantly underestimates MWP 
warmth. However, we can no more confidently state that the MWP was significantly 
warmer than the late 20th century than we can state the opposite. The ambiguity stems 
more from the large uncertainty associated with current published estimates of MWP 
warmth, which are very much greater than those associated with the levels of warmth 
measured in the 20th century. This is why the authors of Chapter 6 (Palaeoclimate) of the 
IPCC AR4 (Jansen et al. 2007, p436) came to the conservative conclusion that average 
Northern Hemisphere temperatures during the second half of the 20th century were 
“ ..likely ... the warmest ... in the last 1.3 kyrs ...”, where likely here is clearly defined as no 
more than >66% probable.  

 
1.6   How does the tree ring evidence of the MWP compare with other proxy data? Have 
you showed how data from different sources compare or have you conflated them? If the 
latter, what is the justification? 
 
CRU has attempted to present both local and large-scale-average reconstructions of summer 
temperatures based solely on tree-ring data. We have also produced reconstructions which 
combine tree-ring and non-tree-ring data. Where we have combined data, the motivation was 
to improve spatial coverage and necessarily incorporate past temperature evidence from more 
expansive terrestrial (and of course ocean) regions not represented by our tree-ring records. 
 
CRU has produced a range of chronologies and tree-ring-based temperature reconstructions, 
usually representing some warm-season average and encompassing a range of different spatial 
scales: from local (typically incorporating data over an area of tens of kilometres), through 
sub-continental (hundreds of kilometres), up to trans- continental (thousands of kilometres). 
 
The number of published CRU chronologies that extend back to medieval times is very small 
(see Table 1.2a). 

 
Table 1.2:  A summary of CRU-related publications that describe the production of tree-ring 
chronologies or temperature reconstructions that extend back to medieval times. (a) lists work 
concerned with tree-based data and (b) lists publications exploring ‘large-scale’ temperature 
changes based on the evidence of multiple proxies. 
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(a) 

Location Period Variable1  Standardisation2 Scale Reference 

N. Sweden 443–1981 TRW, MXD CF Local Briffa et al. (1990) 

N. Sweden 443–1981 TRW, MXD CF & RCS Local Briffa et al. (1992a) 

N. Sweden 443–1981 TRW, MXD CF & RCS Local Briffa et al. (1996) 

Sweden & Finland 1–1997 TRW RCS Region Briffa et al. (2008) 

Polar Urals 914–1990 TRW, MXD CF & RCS Local Briffa et al. (1995) 

Polar Urals 914–1990 TRW, MXD CF & RCS Local Briffa et al. (1996) 

Yamal 1–1996 TRW RCS Local Briffa (2000) 

Yamal 1–1996 TRW RCS Local Briffa et al. (2008) 

Taimyr 1–2003 TRW RCS Region Briffa et al. (2008) 

Arctic 1–1993 TRW RCS Region Briffa (2000) 

Eurasian Arctic 1–2003 TRW RCS Region Briffa et al. (2008) 
1TRW = Tree Ring Width; MXD = Maximum Latewood Density 

2CF = Curve Fitting standardisation; RCS = Regional Curve Standardisation 
 
(b) 

Region Period Season Resolution1 Proxies2 Reference 

NH 1000–1991 Summer 1-year 5×T 5×N 0×M Jones et al. (1998) 

Eurasian Arctic 1–1993 Summer 1-year 3×T 0×N 0×M Briffa and Osborn (1999),  
Briffa et al. (2004) 

NH, SH, Globe 200–1980 Annual 10-year 3×T 4×N 1×M Mann and Jones (2003) 

NH 800–1995 Annual 20-year 10×T 3×N 1×M Osborn and Briffa (2006) 

NH 1000–1980 Annual 1-year 6×T 6×N 1×M Juckes et al. (2007) 

Arctic 5–1995 Summer 10-year 4×T 19×N 0×M Kaufman et al. (2009) 
1This is the nominal time resolution of reconstruction; some individual proxy records may have higher or lower 
resolution 
2Number of tree-ring (T), non-tree-ring (N) and mixed (M) proxy records used in the reconstruction; some 
records are themselves composites of multiple underlying proxy records; in most cases these records do not all 
span the reconstruction period and there are fewer records in the earliest periods of some reconstructions. 
 
 
CRU has interpreted these records, first and foremost, as evidence of past summer 
temperatures for the regions corresponding to the localities of the tree-ring data. Some of 
these local series were subsequently averaged to represent tree growth over larger regions, 
such as the whole of Northern Eurasia, and calibrated, in some cases, against similarly 
representative averages of instrumental temperatures. We have always made clear what 
degree of data aggregation is involved in particular chronologies and against which 
temperature data they were calibrated to produce the published reconstruction. Clearly all of 
these series are located in generally high-latitude areas. 
 
This obvious geographical bias suggests that larger-regional chronologies formed by 
averaging any or all of the local series, would still not be expected to provide a reliable 
indicator of hemispheric-average let alone global-average conditions. This is why they have 
been combined with other tree-ring-based and non-tree-ring proxy records in an attempt to 
reconstruct hemispheric or global-average temperatures more reliably. 
 
CRU work in this regard has focussed on the use of high-resolution (with annual or near-
annual resolution) and well-dated proxy records, in the belief that the nature of their climate 
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information can be more firmly identified and more rigorously exploited, using regression-
based approaches to produce formally-calibrated, quantitative estimates of past temperatures 
and indications of their reliability. 
 
In various permutations, CRU researchers have collaborated with non-CRU researchers, 
exploring the methodology of proxy-based reconstruction and this work has produced various 
reconstructions of late Holocene temperatures making use of different available data sets and 
using different approaches to combine and calibrate them (see Table 1.2b). Similar 
independent work by non-CRU researchers has sometimes made use of published CRU tree-
ring-based data (e.g. see Table 1.3). 
  
Though some studies that combined tree-ring data over large regions, or that incorporated 
tree-ring and other proxy records over wider regions, have directly scaled these aggregate 
series against various large-scale temperature averages, the spatial coverage of the tree-ring 
data is inevitably very much inferior to the extent of instrumental data coverage in the 19th 
and 20th centuries. However, this scaling (e.g. via regression-based calibration) allows better 
comparison between tree-ring-based and multi-proxy based series. 
 
In Briffa et al. (2004), we compared the four such records that were available at that time, that 
reached back to at least 1000 A.D.  The following is a quote from our 2004 paper:  

“Many (but in some cases not all) tree-ring width and MXD data contained in these 
reconstructions have been processed to retain long-timescale variance and together they 
demonstrate how temperatures have changed over the centuries, prior to the clear 20th 
century warming shown in the instrumental curve. The relative magnitude of these changes 
varies between the different compilations, despite the element of common data input (see 
Briffa and Osborn, 1999, 2002), because of different regional concentrations of data and 
because of different approaches used to assemble and express them quantitatively in terms of 
different temperature ‘targets’. Those based solely on tree-ring data (Briffa and Osborn, 
1999; Briffa et al., 2001; Esper et al., 2002) tend to show greater relative cold overall, 
though most clearly in the 13th and 17th centuries, and possibly slightly more warmth around 
AD 1000, but the large uncertainty (not shown here, but see Mann et al., 1999; Briffa et al., 
2001) associated with all of the records should caution against over-interpretation of these 
differences. It is also likely that many of the tree-ring data respond more to summer rather 
than winter conditions and represent more northerly, rather than full, Northern Hemisphere 
temperatures. The Mann et al. (1999) data were calibrated directly against annual 
temperature records and contain tree-ring, and non-tree-ring series that are influenced to a 
greater extent by winter conditions than are our MXD data. Hence, this is likely to be a better 
indicator of mean annual temperature change than any of the MXD data alone (see also 
Briffa and Osborn, 2002). The question of different seasonal responses in palaeoclimate data 
is an important one, not least because regression- based reconstruction of different seasonal 
data can affect the relative magnitude (and uncertainty) of past changes, even using similar 
predictor data, as shown in Fig. 8.” 
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Figure 1.1 – Reproduced version of Figure 8 in Briffa et al. (2004) – see original legend for 
details. 
 

 
Fig. 8. Average temperature over land areas north of 20degN, as observed (black) and 

reconstructed by a simple linear regression recalibration of published series by Jones et al. 
(1998) in red; Mann et al. (1999) in purple; Briffa and Osborn (1999) in green; Briffa et al. 
(2001) in blue; and Esper et al. (2002) in pink. The series used from Mann et al. (1999) was 
an average of land grid boxes north of 20degN from their spatially resolved reconstructions. 
Each series was recalibrated over 1881-1960 against (a) annual-mean temperature and (b) 
April-September mean temperature. Note the effect on the temperature magnitudes in the two 
sets of series caused by calibrating the same data against these alternative predictands. 
 
The IPCC AR4 report (Jansen et al. 2007)similarly compared eight records that extend back 
to medieval times. These included four additional records; one solely based on tree rings 
(D'Arrigo et al. 2006), while the other three (Mann and Jones 2003, Moberg et al. 2005, 
Hegerl et al. 2006) included both tree-ring and non-tree-ring data. Although the reconstruction 
by Moberg et al. (2005), included some tree-ring data, it was based on statistical methods that 
prevented them making any significant contribution to the general level of MWP warmth 
reconstructed, which was instead determined by the non-tree-ring records. These records, 
along with earlier ones referred to in the extract quoted above, provide similar indications of 
MWP warmth. The AR4 provides the most convenient review of the similarity and 
differences between all of these records, along with references to considerably more 
discussion of the factors that must be considered when comparing them. All of these data 
present a consistent picture of relative medieval warmth (Figure 1.2).  
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Figure 1.2 – Reproduced version of Figure 6.10 in Jansen et al. (2007) – see original legend 
below and accompanying Table 1.3 (originally 6.1). 

 
Figure 6.10. Records of NH temperature variation during the last 1.3 kyr. (a) Annual mean 
instrumental temperature records, identified in Table 6.1. (b) Reconstructions using multiple climate 
proxy records, identified in Table 6.1, including three records (JBB..1998, MBH..1999 and 
BOS..2001) shown in the TAR, and the HadCRUT2v instrumental temperature record in black. (c) 
Overlap of the published multi-decadal time scale uncertainty ranges of all temperature 
reconstructions identified in Table 6.1 (except for RMO..2005 and PS2004), with temperatures within 
±1 standard error (SE) of a reconstruction ‘scoring’ 10%, and regions within the 5 to 95% range 
‘scoring’ 5% (the maximum 100% is obtained only for temperatures that fall within ±1 SE of all 10 
reconstructions). The HadCRUT2v instrumental temperature record is shown in black. All series have 
been smoothed with a Gaussian-weighted filter to remove fluctuations on time scales less than 30 
years; smoothed values are obtained up to both ends of each record by extending the records with the 
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mean of the adjacent existing values. All temperatures represent anomalies (°C) from the 1961 to 1990 
mean. 
 
Table 1.3: Reproduced directly from Table 6.1 of Jansen et al. (2007). 
 
Table 6.1. Records of Northern Hemisphere temperature shown in Figure 6.10.  

 

 
 
1.7  If tree ring proxies are removed from reconstructions, what evidence remains of the MWP? 
 
In our answer to question 1.6 we stated that CRU research over the last two decades, 
concerned with reconstructing past climate, has been largely focussed on tree-ring research or 
on using proxy data that are well-dated and annually or near-annually resolved. When 
addressing the question of MWP warmth, our own palaeoclimate work to date is largely 
concerned with relatively few tree-ring records. We note that among the various proxy-based 
reconstructions to which we have referred, only one (effectively) provides information about 
medieval warmth that does not depend to a large degree on tree-ring data (Moberg et al. 
2005). This provides an indication of warmth that is consistent with the other records, 
especially when account is taken of the substantial statistical uncertainty associated with all of 
the long reconstructions. As for our published work related to this question we offer the 
following comments. 
 
In Jones et al. (1998), Mann and Jones (2003) and Kaufman et al. (2009) tree-ring and non-
tree-ring data are combined and scaled to provide indicators of temperature changes over the 
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last 1000 to 2000 years. These studies reconstruct different seasonal temperature averages and 
employ different types of proxy evidence (see Table 1.2b).   
 
However, none of these studies explores what results would have been achieved had the tree-
ring and non-tree-ring proxies been used separately.   
 
In an analysis of the ‘spatial extent’ of past Northern Hemisphere warmth using various proxy 
records, Osborn and Briffa (2006) did explore the robustness of their result (i.e. that the 
record analysed showed the extent of 20th century warmth to exceed that of any previous 
equivalent period in the last millennium) by systematically excluding different numbers of 
proxy records and repeating their analysis. However, these tests did not include a case where 
there was a complete elimination of the tree-ring records (which number 10 of the 14 proxy 
series analysed).  
 
We have no experience of working directly in the production of non-tree-ring types of 
palaeoclimate data and relatively little experience in interpreting them in terms of temperature 
information. We are aware that there are now other tree-ring series and many published non-
tree-ring records that extend back to medieval times. Many of these will likely have some 
degree of temperature sensitivity and could potentially be used to explore not just local but 
also larger-scale temperature changes, including during medieval times. However, we feel 
that attempting to review the literature in this area would serve little purpose in the context of 
our responses to the review questions, particularly in the light of our limited experience in this 
area. 
 
1.8 Have you been selective in utilizing tree ring evidence from Yamal in Siberia; and if so, 
what is the justification for selectivity and does the selection influence the deduced pattern 
of hemispheric climate change during the last millennium? 
 
CRU has published two papers that document the production of relatively long tree-ring-
width chronologies made up of ring-width measurement data from the near-tree-line region of 
the Yamal peninsula, Russia (Briffa 2000, Briffa et al. 2008). These reconstructions use 
slightly different implementations of RCS (see Section 1.1), but produce essentially the same 
result. The motivation for these studies was to demonstrate how the application of the RCS, in 
a re-investigation of work carried out by our colleagues (Hantemirov and Shiyatov 2002) in 
producing a chronology for this region using a different approach, could preserve 
considerably more evidence of long-timescale changes in regional tree growth. In our 
reworking of this chronology we use precisely the same data that Hantemirov and Shiyatov 
used to produce the last 2000 years of their chronology. We made no selection of what data to 
include. 
 
Our work later became the subject of widespread misrepresentation in the media, amounting 
to hysterical and defamatory reporting of a posting on the “Climate Audit” website, managed 
by Steve McIntyre. McIntyre produced an alternative chronology omitting many of the 
modern sites we had used and replacing them with data from another single location. This 
alternative chronology differed markedly from our chronology during the late 20th century. 
McIntyre implied that this is evidence that Briffa had improperly selected certain tree-ring 
data, specifically in order to manufacture a false impression of recent enhanced tree-growth in 
the Yamal region. 
 
This assertion is entirely false. On the contrary, McIntyre’s omission of the data we had 
validly used and its substitution with data showing an atypical pattern of tree-growth 
variations in the region, itself constitutes a biased analysis. A detailed refutation of McIntyre’s 
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implied accusations (Briffa and Melvin 2009) was posted on the CRU website 
(http://www.cru.uea.ac.uk/cru/people/briffa/yamal2009/) on 27th October, 2009. A copy is 
included with this submission. This includes details of a recent re-analysis we made of the 
Yamal chronology, in response to the posted criticisms. In this re-analysis we incorporate 
additional living-tree data made available by Rashit Hantemirov at our request. The inclusion 
of the additional samples and the use of improved statistical processing techniques produced 
only small differences in the tree-growth pattern (see Figure 1.3 below). From this it is clear 
that our original work was sound and where the CRU Yamal chronology is incorporated in 
multi-proxy reconstructions, the choice of which version will not significantly affect the 
outcome of the final reconstruction.  
 

 
Figure 1.3 – Extracted from Briffa and Melvin (2009) 
Comparison of published and reworked Yamal chronologies. 
This Figure shows the two earlier versions of the Yamal RCS larch chronology in red 
(published in Briffa, 2000) and blue (Briffa et al., 2008) compared to the new version, based 
on all of the currently available data (Yamal_All) for the original (POR, YAD and JAH) sites 
and including the additional data from the KHAD site (in black). Tree sample counts for this 
‘new’ chronology are shown by the grey shading. The upper panel shows the data smoothed 
with a 40-year low-pass cubic smoothing spline. The lower panel shows the yearly data from 
1800 onwards. All series have been scaled so the yearly data have the same mean and 
standard deviation as the Yamal_All series over the period 1-1600. 
 
The following quote is taken from the Abstract of our posted response;  

“ It would be a mistake to conclude that McIntyre’s sensitivity analysis provides 
evidence to refute our current interpretation of relatively high tree growth and summer 
warmth in the 20th century in this region. A reworked chronology, based on additional data, 
including those used in McIntyre’s analysis, is similar to our previously published 
chronologies. Our earlier work thus provides a defensible and reasonable indication of tree 
growth changes during the 20th century and in the context of long-term changes reconstructed 
over the last two millennia in the vicinity of the larch tree line in southern Yamal.”. 
 
Note that our refutation of McIntyre’s posting was in the public domain prior to the release of 
the stolen emails. 
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In an article in the Guardian, published on 3rd February, 2010, Fred Pearce provides a 
misleading account of an email relating to this affair. Professor Tom Wigley wrote to Phil 
Jones on the 5th October, 2009, expressing some disquiet that our Yamal analyses might be 
suspect, from which it is obvious that he had been misled by reading Mcintyre’s posts. 
Pearce’s article is written in such a way as to strongly imply that Wigley had read the CRU 
response to this issue (posted on 27th October, 2009) and was dissatisfied. In reality, Wigley’s 
email predates the response by 3 weeks and after he did read it he was fully satisfied, as he 
explicitly communicated in a later email to a colleague on 3rd February 2010 
(http://www.cru.uea.ac.uk/mr/Wigley_email.pdf). 
 
In conclusion, we wish to stress that there is no ‘perfect’ chronology. As more data become 
available and improvements in data processing techniques are recognised, more accurate 
chronologies will emerge. We hope that we have made some useful contribution to this 
process. Of course some of our work has limitations, and possible flaws, but if this is so they 
arise out of honest endeavour. We have no ‘agenda’ other than to further knowledge. We 
appreciate the importance of understanding how and why climate varies naturally. This is the 
essential context in which to explore the nature of human influences on possible future 
climate changes. This provides the sole motivation for our research in dendroclimatology. 
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Issue 2.  The allegation that CRU has colluded in attempting to diminish  the 
significance of data that might appear to conflict with the 20th century global warming 
hypothesis 

The CRU group, in consultation with Professor Michael Mann, is alleged to have 
systematically attempted to diminish the significance of the Medieval Warm Period, 
evidenced by an email from Mann 4th June 2003: “I think that trying to adopt a timeframe of 
2K, rather than the usual 1K, addresses a good earlier point that Peck made w/ regard to the 
memo, that it would be nice to try to "contain" the putative "MWP", even if we don't yet have 
a hemispheric mean reconstruction available that far back [Phil and I have one in review--not 
sure it is kosher to show that yet though--I've put in an inquiry to Judy Jacobs at AGU about 
this].” The use of the words “contain” and “putative” are alleged to imply an improper 
intention to diminish the magnitude and significance of the MWP so as to emphasise the late 
20th century warming. 

QUESTIONS TO ADDRESS 

2.1 What does the word “contain” mean in this context? 

2.2 What involvement have you had in “containing” the MWP? 

2.3 How important is the assertion of “unprecedented late 20th century warming” in the 
argument for anthropogenic forcing of climate? 

 

Response 

2. Introduction 

Before addressing these three specific questions, it is appropriate to provide some relevant 
background.  The email quoted in the preamble was not written by a member of CRU staff but 
by Professor Michael Mann from the University of Virginia (now at Pennsylvania State 
University).  On first consideration, it may seem odd to be asking CRU to explain the 
meaning of an email written by a third party.  Two recipients of this email are CRU staff, 
however, and we do know the meaning and context of the message and can, therefore, provide 
answers to the questions that have been raised. 

 

2.1   What does the word “contain” mean in this context? 

The meaning of “contain” in this context is straightforward – it simply means that it would be 
informative to assess the scientific evidence for past temperature variations over a period that 
is sufficiently long to “contain” the hypothesised Medieval Warm Period (MWP). 

The OED provides a number of meanings for the verb “contain” which can be loosely 
grouped into either “to have in it” or “to restrict/confine”.  The meaning in this context is 
most definitely the former – there was no intention to somehow restrict the evidence for the 
MWP.  Some additional background information makes this clear. 
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The email quoted in the preamble was part of an ongoing exchange of ideas underlying the 
development of a forum article published in EOS later that year (Mann et al., 2003).  That 
article (titled On Past Temperatures and Anomalous Late-20th Century Warmth) discussed 
some of the evidence that allows recent temperatures to be compared with the warmth during 
the MWP.  At that time, very few large-scale temperature reconstructions began before 1000 
CE (i.e. covering the last 1000 years or so, hence “ the usual 1K”).  Though there is no 
universally agreed definition of the MWP (perhaps because the evidence for its timing is 
regionally variable and also suggests that warmth was intermittent) it is often considered that 
the MWP occurred within the period 800–1300 CE.  Actually, a precise definition of the 
MWP is unnecessary here – the point is simply that it may have begun before 1000 CE, and 
the peak warmth may have been before 1000 CE.  Comparing recent temperatures with 
temperature proxy evidence only from 1000 CE onwards might lead to a false conclusion that 
modern warmth exceeded the MWP if it turns out that the MWP peak warmth was pre-1000 
CE.  Professor Mann argues, therefore, that “trying to adopt a timeframe of 2K … addresses a 
good earlier point that Peck made w/ regard to the memo, that it would be nice to try to 
‘contain’ the putative ‘MWP’”.  Here, “a timeframe of 2K” means using proxy records that 
span 2000 years and thus fully “contain” the MWP. 

This is an excellent example of how short sections of correspondence, not written with 
the intention that they be made public, have been taken out of context and misconstrued 
to indicate some form of malpractice.  Indeed, in this particular example, the meaning 
has even been reversed: the actual concern was that we must not miss evidence for the 
peak of the MWP yet this has been constructed into an allegation that we were 
attempting to diminish the evidence. 

The published forum article did in fact contain two figures which showed evidence for past 
temperatures from proxy records including some that began before 1000 CE.  One of those is 
included here (Figure 2.1.1), though refer to Mann et al. (2003) for full details.  The two NH 
temperature reconstructions that begin before 1000 CE do in fact show the highest 
temperature estimates prior to 1000 CE (the green curve peaks around 980 CE, while the lilac 
curve peaks around 830 CE) demonstrating the importance of considering more than just the 
last 1000 years. 
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Figure 2.1.1. (Reproduced from Mann et al., 2003) Evidence from instrumental and proxy 
temperature records (solid lines, with shading) and climate model simulations (dashed lines) 

of NH temperatures over the last 1800 years. 

 

2.2   What involvement have you had in “containing” the MWP? 

The correct interpretation of this phrase (see section 2.1) is that sufficiently long temperature 
proxy records should be used to ensure that a temperature reconstruction covers the entire 
MWP (though this period is not precisely known).  This is an appropriate course of action and 
CRU has contributed to this in a number of ways.  These include the development of 
individual multi-millennial tree-ring chronologies (in collaboration with colleagues in the 
dendroclimatological community; e.g., Briffa et al. 1992; Briffa, 2000; Grudd et al., 2002; 
Eronen et al., 2002;) and the construction of multi-proxy large-scale temperature 
reconstructions that begin prior to 1000 CE (e.g., Mann and Jones, 2003; Osborn and Briffa, 
2006; Kaufman et al., 2009).  Other groups have independently developed reconstructions 
that begin prior to 1000 CE (e.g., Hegerl et al., 2007). 

If we take the incorrect interpretation of this phrase and assume that it is asking about CRU’s 
involvement in somehow restricting or confining the evidence for a MWP, then the answer is 
that CRU has not made any attempts to achieve this aim.  The abstract of Osborn and Briffa 
(2006), for example, states that “positive anomalies during 890 to 1170 and negative 
anomalies during 1580 to 1850 are consistent with the concepts of a Medieval Warm Period 
and a Little Ice Age.” 

The preamble noted that the adjective “putative” had also been used to support similar 
allegations.  The OED defines putative as meaning “that is commonly believed to be such; 
reputed, supposed; imagined; postulated, hypothetical”.  As noted at the beginning of section 
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2, this was not written by a member of CRU staff, so it is not necessary for us to justify the 
choice of wording.  We can, however, offer the following commentary.  There is strong 
evidence for periods of warmth in some regions, in some seasons and at some times during 
the period 800–1300 CE; but there are also indications that it may have been discontinuous in 
time, geographically or seasonally restricted.  Perhaps the clearest evidence for the MWP is 
from the summer season within Europe.  Though there is also evidence for warmth from 
outside Europe, it is fair to say that there is considerable doubt over the global extent of the 
MWP and whether the evidence for warmth in different regions is synchronous.  When 
considering the possibility of a global-scale MWP, therefore, it seems reasonable to use an 
adjective such as “hypothetical” or “putative”. 

 

2.3   How important is the assertion of “unprecedented late 20th century warming” in the 
argument for anthropogenic forcing of climate? 

Such an assertion is not important in the argument for anthropogenic forcing of climate.  
Indeed, it is extremely likely that current warmth is not unprecedented – there is evidence for 
considerably greater warmth at various times during the Earth’s history.  Even considering 
only more recent times (e.g., the last few millennia), it is possible that warmer than present 
conditions existed regionally and perhaps globally (see, e.g., figure 6.9 of Jansen et al., 2007).  
The fourth assessment report of the IPCC concluded that “it is likely that this 50-year period 
[the second half of the twentieth century] was the warmest Northern Hemisphere period in the 
last 1300 years”, where likely was defined to indicate that, using expert judgement of the 
available evidence, the probability of this was > 66%.  Thus it is a relatively weak conclusion 
in comparison with the other strands of evidence that support the anthropogenic climate 
change hypothesis (radiation/physical theory, empirical evidence for rising greenhouse gas 
concentrations, instrumental climate observations, etc.). 

Estimating past hemispheric (or global, when sufficient records are available) temperatures is 
important for many reasons, beyond providing a context in which to place the current level of 
warmth (and hence addressing the question of precedent), but also for assessing the current 
rate of warming in relation to the rate of past natural changes, identifying the causes of 
climate variations, estimating the sensitivity of the climate system to natural forcing factors, 
and assessing the capability of climate models to simulate these past variations.  

Warmer temperatures in the past, if they were caused by forcing mechanisms that can be 
shown to be unable to explain the current warming, would not affect the attribution of the 
current warming to anthropogenic causes.  For example, Goosse et al. (2006) explore the 
possibility that a combination of land-use changes and natural changes in the Earth’s orbit, in 
solar irradiance and in volcanic activity might have caused relatively warm summer 
conditions in Europe during the MWP.  Such changes are not able to explain the current warm 
conditions, especially in winter.  This question moves away from the main focus of this 
review – the issues and allegations that arose from the hacked emails – and is really a 
scientific question for the broader scientific community. 
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Issue 3.   It is alleged that proxy temperature deductions and instrumental  
temperature data have been improperly combined to conceal mismatch between the two 
data series 

An attempt to hide the difficulty of combining these two data series and to mislead is alleged 
to be revealed in the following sentence in a November 1999 email from Professor Philip 
Jones which is alleged to imply a conscious attempt to mislead: "I've just completed Mike's 
Nature trick of adding in the real temps to each series for the last 20 years (i.e. from 1981 
onwards) and from 1961 for Keith's to hide the decline”. 

QUESTIONS TO ADDRESS 

3.1 What is the meaning of the quotation from the 1999 email? 

3.2 How do you justify combining proxy and instrumental data in a single plotted line? 

3.3 What method do you use? 

 

Response 

3. Introduction 

This issue relates to the presentation of proxy-based temperature reconstructions and 
instrumental temperatures for the Northern Hemisphere.  The particular email quoted refers to 
one specific figure that was a requested contribution to a non-peer-reviewed WMO 
publication, but it is important to consider how we have dealt with this issue across the range 
of publications that CRU has authored or contributed to.  The details given below provide a 
clear indication that CRU has not attempted to conceal the mismatch between a 
particular dendroclimatic reconstruction and instrumental temperature data, though we 
(and others) have used a variety of presentation formats according to the focus of each 
article.  It has never been CRU policy to conceal the lack of proxy data post 1980 in 
many reconstructions or to hide the decline phenomenon in the particular tree-ring 
chronologies that exhibit it. 

3.1 What is the meaning of the quotation from the 1999 email? 

This email was written to inform colleagues how the temperature reconstruction data that they 
had provided had been used in the construction of a figure that appeared in the “WMO 
Statement on the Status of the Global Climate in 1999” (WMO, 1999).  The requirement for 
the WMO Statement was for up-to-date evidence showing how Northern Hemisphere 
temperatures may have changed over the last 1000 years.  To produce temperature series that 
were completely up-to-date (i.e., through to 1999) it was necessary to combine the 
temperature reconstructions with the instrumental record, because the temperature 
reconstructions based on proxy data ended many years earlier whereas the instrumental record 
is updated every month.  The figure in question is reproduced here as Figure 3.1.1. 

The email indicated that the reconstructed temperatures from two of the three series (Jones et 
al., 1998; Mann et al., 1999) were used up to 1980, and then the instrumental temperatures 
were used from 1981–1999.  The low-pass filter, to highlight the variations on timescales of 
50 years and longer, was then applied to the concatenated series of values. 
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The third temperature reconstruction (Briffa, 2000 – though given as 1999 in the figure 
legend; with more details provided in Briffa et al., 2001) is based on maximum latewood 
density from an extensive network of tree-rings.  Regional-average timeseries (i.e., 
chronologies – see our response to question 1.1) produced using these data show strong 
correspondence with growing season temperatures in general but exhibit a diverging trend 
during the most recent decades.  In some areas, tree-ring densities have declined, while 
temperatures have risen.  It was because of this ‘divergence’ in trend between chronologies 
and co-located directly-measured temperatures that this average density series was curtailed in 
1960.  Instrumental temperatures for 1961–1999 were appended, and the concatenated series 
was filtered as described earlier. 

The email was written in haste and for a limited and ‘informed’ audience (the people that had 
provided data).  The word “trick” was not intended to imply any deception, simply the “best 
way of doing or dealing with something”.   The reconstruction from the tree-ring density 
network was not shown after 1960, and thus in this sense it is “hidden” – but justifiably so: 
excluding the anomalous tree-ring density data is justified if the purpose is to illustrate the 
most likely course of temperatures based on a combination of proxy and measured 
temperatures.  Again, no deception was intended or practised. 
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Figure 3.1.1. (Reproduced from WMO, 1999) Original caption: “Northern Hemisphere temperatures were 

reconstructed for the past 1000 years (up to 1999) using palaeoclimatic records (tree rings, corals, ice cores, lake 

sediments, etc.), along with historical and long instrumental records. The data are shown as 50-year smoothed 

differences from the 1961–1990 normal. Uncertainties are greater in the early part of the millennium (see page 4 

for further information). For more details, readers are referred to the PAGES newsletter (Vol. 7, No. 1: March 

1999, also available at http://www.pages.unibe.ch) and the National Geophysical Data Center 

(http://www.ngdc.noaa.gov). (Sources of data: P.D. Jones, K.R. Briffa and T.J. Osborn, University of East 

Anglia, UK; M.E. Mann, University of Virginia, USA; R.S. Bradley, University of Massachusetts, USA; M.K. 

Hughes, University of Arizona, USA; and the Hadley Centre, The Met. Office).” [Note that Briffa (1999) was 

actually published in 2000.] 

 

3.2 How do you justify combining proxy and instrumental data in a single plotted line? 

We do not argue that, in general, it is justified to combine reconstructed temperatures and 
instrumental observations and show them as a single plotted line.  There are many different 
ways to portray such data; the preferred option may depend on the specific purpose – i.e., 
what information is to be conveyed?  In the case of the reconstruction from the tree-ring 
density network, which exhibits the recent divergent trend (see our response to question 1.2) 
compared with the instrumental temperatures, these might be grouped into three types of 
presentation: 

(a) Depict the reconstruction through to the end of the proxy data (1994 for the tree-ring 
density network) or until some criterion is met (e.g., some minimum data coverage) 
and overlay separately the appropriate instrumental temperature observations.  The 
divergence will be clear during the post-1960 period. 
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(b) Depict the reconstruction over the period for which it can be considered to be a 
reliable estimate of past temperature variations (typically we have curtailed it in 1960, 
considering the post-1960 data to be a poor representation of temperature) and overlay 
separately the appropriate instrumental temperature observations. 

(c) Depict the reconstruction and instrumental temperatures by a single line, with no 
overlap and a transition from reconstruction to instrumental temperatures occurring in 
a chosen year. 

These three types of presentation (with variants, such as the inclusion or exclusion of 
estimated uncertainty ranges) have been used throughout the literature.  With respect to the 
portrayal of the reconstructions from the tree-ring density network, which exhibits the recent 
“divergence”, presentation type (a) has typically been selected for publications that are 
focussed on the tree-ring data themselves, their limitations, and the demonstration of the 
divergence phenomenon.  Examples of this type of presentation include Figure 2 of Briffa et 
al. (1998a); Figure 1 of Briffa et al. (1998b); Plate 2 and Figures 4, 5 and 6 of Briffa et al. 
(2001); Figures 11 and 12 of Briffa et al. (2002); and Figures 5, 6 and 7 of Briffa et al. 
(2004).  Figure 11 from Briffa et al. (2002) is reproduced here as Figure 3.2.1 to illustrate our 
use of this form of presentation. 

Presentation type (b) has typically been selected for publications whose purpose is to convey 
the available range of evidence for past temperature variations.  In this situation, it is arguably 
reasonable to show only data that are considered to provide some information about 
temperature variations.  In the same way that the early parts of a reconstruction might not be 
shown if they were considered to be unreliable (due, for example, to unacceptably low 
replication), the post-1960 values are also excluded.  This avoids the presentation of values 
that are known to be unrepresentative of the real temperatures.  Of course, the recent 
divergence in these data will be less clear if post-1960s values are excluded and that 
represents a potential disadvantage of this exclusion if this divergence is important for 
assessing confidence in the earlier reconstructed values.  Section 1.2 outlines various 
situations where this is or is not a concern.  If this is a concern, then to avoid the exclusion of 
the recent period resulting in an overly confident impression being given of the accuracy to 
which past temperatures can be reconstructed, we include appropriate caveats and references 
to the articles where the limitations are explored in greater detail.  Examples of this type of 
presentation include Plate 3 of Briffa et al. (2001); Figure 2A of Jones et al. (2001); Figure 8 
of Briffa et al. (2004); Figure 6.10b of Jansen et al. (2007); and Figure 5b of Hegerl et al. 
(2007).  Figure 8(b) of Briffa et al. (2004) is reproduced here as Figure 3.2.2 to illustrate our 
use of this form of presentation. 

Presentation type (c) was used in WMO (1999) and has also been used where the 
reconstruction method does not, by default, provide estimates that overlap with the 
instrumental temperatures (e.g., figures 2, 3 and 5 of Rutherford et al., 2005).  As with type 
(b), it avoids the confusion that may arise if values that are known not to represent the real 
course of temperature change are presented as if they are plausible estimates of past 
temperatures.  Similarly, however, caution should be exercised to avoid an overly confident 
impression of reconstruction accuracy when periods of disagreement are not included in the 
graphical representation.  In the case of WMO (1999), which is the subject of the email that 
triggered this particular issue, the figure was used to support this statement: “against the 
background of the millennium as a whole, the 20th century was unusually warm.”  To 
claim “unusual” warmth is considerably more conservative than to claim “unprecedented” 
warmth, and is appropriate in this case because a number of uncertainties in the 
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reconstructions including the concern over the implications of the recent divergence prevent a 
more certain conclusion (such as unprecedented warmth – see also our response to question 
1.5). 

 

Figure 3.2.1. (Reproduced from figure 11 of Briffa et al., 2002) Original caption: 
“Reconstructions (thin lines, with shading to indicate ±1 and ±2 standard errors) and 

observations (thick lines) of regional-mean April to September temperatures (°C anomalies 
with respect to the 1961–90 mean) from 1400–1994 for nine regions. All values are decadally 

smoothed.” 
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Figure 3.2.2. (Reproduced from figure 8(b) of Briffa et al., 2004) Original caption: “Average 
temperature over land areas north of 20°N, as observed (black) and reconstructed by a simple 

linear regression recalibration of published series by Jones et al. (1998) in red; Mann et al. 
(1999) in purple; Briffa and Osborn (1999) in green; Briffa et al. (2001) in blue; and Esper et 
al. (2002) in pink. The series used from Mann et al. (1999) was an average of land grid boxes 
north of 20°N from their spatially resolved reconstructions. Each series was recalibrated over 

1881–1960 against April–September mean temperature.” 

 

3.3 What method do you use? 

The method used in this particular case (WMO, 1999) was simply to combine the series of 
yearly reconstructed values up to 1960 or 1980 with the series of yearly temperature values 
from 1961 or 1981, and then to apply a low-pass filter to the concatenated series.  In applying 
the low-pass filter, we obtained values that continue up to each end of the series by “padding” 
each end by the mean of the values near to the beginning or end of a series (Mann, 2004, 
discusses some of the issues involved in “padding” series prior to filtering them).  Of course, 
there is greater uncertainty associated with the filtered values near to the ends of the series 
because of this (an alternative would be to stop a filtered series before it approached the ends 
of a series). 
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Issue 4. It is alleged that there has been an improper bias in selecting and adjusting data so as 
to favour the anthropogenic global warming hypothesis and details of sites and the data 
adjustments have not been made adequately available 
 
In order to address the questions relating to Issue 4, some background is required before a summary 
section at the end of each question. In all of the responses to Issue 4 questions, we are only 
considering the land-only datasets (e.g. for CRU the CRUTEM3 dataset) and we will introduce 
other land-only datasets later. The more complete dataset includes marine data and is referred to as 
HadCRUT3. We will mention this combined dataset very briefly later in Q4.2. HadCRUT3 is 
assembled by the Met Office Hadley Centre (MOHC) from CRUTEM3 (for land) and HadSST2 
(for marine areas) and its construction is detailed in Brohan et al. (2006). A simplified overview of 
the process of the development of CRUTEM3 and briefly HadCRUT3 is given at the end as 
Appendix 1. 
 
4.1 What is the rationale for the choice of data stations worldwide? 
 
a) Raw Station Temperature Data 
 
The basic raw data are monthly averages of temperature calculated at the individual stations and/or 
by the National Meteorological Services (NMSs). Monthly averages are calculated from the daily 
data in different ways by different NMSs. Some use the mean of the daily maximum and minimum 
temperatures, while others use means based on observations at fixed hours. Our use of anomalies 
(the Climate Anomaly Method – see section 4.2) from a common base period (1961–1990) 
overcomes issues of bias that might arise when utilising records calculated using these different 
methods (or sets of records, since the choice of method is often common across the stations within a 
country).  The Climate Anomaly Method does not, however, remove potential inhomogeneities 
(artificial steps) that might be introduced if a change in calculation method was introduced during a 
particular station record; these (along with other inhomogeneities associated with, e.g., station 
moves) have to be dealt with in other ways (see section 4.3).  
 
b) Sources of the station temperature data 

 
The sources of all the temperature data CRU has put together have been documented initially in 
TR017, TR022 and TR027 in 1985/6, but these have been augmented recently in the latest 
published papers (Jones and Moberg, 2003 and Brohan et al., 2006) with additional sources. The 
primary sources of our data are the publications referred to as World Weather Records (WWR), 
which have been available digitally since the early 1970s. In our station database, we document the 
dominant source of the station data in each station series. This digital documentation is relatively 
brief (in comparison with that given in paper format in the TR017, TR022 and TR027 reports) and 
relates to the sources discussed in Jones and Moberg (2003). Only a few stations come from a single 
source. Most come from more than one source and Jones and Moberg (2003) detail the priorities we 
give to station data from each of the multiple sources. We incorporate as much data as possible 
directly from NMSs, particularly if they have undertaken homogeneity exercises (see section 4.3) 
with their data, but we have also added data released through various peer-reviewed papers and by 
the Global Historical Climatology Network (GHCN). There is considerable misinformation in the 
media and on blogs surrounding this point, so it is worth re-stating for clarity that the specific 
sources are documented on paper in TR017, TR022, TR027, Jones and Moberg (2003) and Brohan 
et al. (2006) and each station data file also has a code to indicate the dominant source (see also 
Q6.5). 
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Figure 4.1.1 compares CRU station locations with 7280 stations used in GHCN. This is not an easy 
comparison to make as station identifiers are not unique for stations without World Meteorological 
Organization (WMO) identifiers (i.e. the standard international station numbering system used by 
WMO). For these non-WMO identifiers we have additionally assessed locations and station names. 
Of the total number of 5121 stations in the current CRU set, 4466 are in common with GHCN. This 
leaves 655 unique stations in CRU and an additional 2814 unique stations in GHCN. Of the 655 
stations unique to CRU, only 430 have sufficient data for the 1961–1990 base period (the other 225 
are not used, therefore, to construct the gridded land temperature dataset, CRUTEM3). 
 

 
 

Figure 4.1.1: Locations of station sites over the world’s land areas. Green dots (4466) are common to both 
CRU and GHCN. Yellow dots (2814) are unique to GHCN, and red dots (430) unique to CRU. These 430 

also have sufficient data for the 1961–1990 base period. 
 
Summary 
 
Our basic principles have been to gain access to as much data as possible, while focussing our finite 
resources on improving coverage in data sparse regions of the world. It would be possible to 
incorporate more station data in parts of Europe and North America, but these areas already have 
higher station densities than all other parts of the world. 
 
CRU has not excluded any station temperature data on the basis of their latitude.  The spatial pattern 
of station coverage (Figure 4.1.1) reflects the existence and/or availability of data records rather 
than a specific selection policy.  As documented in TR022 and TR027, a number (38 in the NH, 3 in 
the SH) of stations were excluded because they exhibited “non-climatic” warming trends, possibly 
due to urbanization effects.  Excluding these series would not have “favoured the anthropogenic 
global warming hypothesis” since their inclusion would have slightly enhanced the warming 
exhibited by the CRUTEM3 dataset. 
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4.2 How has this choice been tested as appropriate in generating a global or hemispheric 
mean temperature (both instrumental and proxy data)? 
 
The issue for proxy data appropriateness in producing large-scale temperature averages is addressed 
in response to Issue 1. 
 
a) Development of the gridded temperature data for land areas (CRUTEM3) 
 
The first issue to consider when averaging station temperature data together is that, if it is 
undertaken in absolute units, the results can be substantially biased by the elevation and latitude of 
the stations and by different methods used to calculate daily and monthly average temperatures (see 
section 4.1a).  This bias would not arise if all stations had 100% complete data for the full dataset 
period (currently 1850–2009).  However, the data coverage varies substantially over time and this 
can lead to a bias if absolute units are used (e.g., if a high temperature, low latitude station began 
recording in year X, an average formed using absolute temperatures would exhibit an artificial step 
change in year X). 
 
This issue is easily overcome by using temperature anomalies (departures) from the mean over a 
common base period for all stations. We currently use the 1961–1990 base period (the standard 
WMO period), so each monthly temperature is expressed as a departure from this average. For 
example if a station value for the July 2009 average was 20.0°C and that station’s 1961–1990 
average for July was 18.0°C, then the anomaly or departure for this month would be +2.0°C. In 
climatology this is referred to as the Climate Anomaly Method. Station series which do not have 
enough data during the 1961–1990 base period do not get used. This limitation reduces the number 
of stations used in gridding to 4348 at present. 
 
The two US datasets (National Climatic Data Center, NCDC and the Goddard Institute for Space 
Studies, GISS) use alternative approaches to the problem of absolute temperatures, but the specific 
technique has been shown to have little effect (Vose et al., 2005). At present there are 7280 stations 
in GHCN, which is the basic source for NCDC and GISS. Their series will be shown later (Figure 
4.6.1) to produce essentially the same results at global and hemispheric scales.  
 
The second issue is that maps of the station temperature data availability clearly indicate that there 
are many more stations in some regions than others (Figure 4.1.1). A simple average of the 
temperature anomaly data would bias the result to regions of greater station density. Instead we 
average all the temperature anomalies in each 5° latitude by 5° longitude grid box. Some boxes will 
be based on a single value but in data dense regions the value may be based on up to 50 station 
temperatures for some periods. Some land boxes will be missing where there were no station data 
within the grid box. We make no attempt to interpolate values for these boxes. As the availability of 
station data reduces further back in time, the number of grid-box time series with data also reduces 
(see also Figure 4.5.1 later). 
 
Hemispheric-mean land temperature anomaly time series are calculated by averaging the available 
grid-box temperature anomalies, weighted by the area of each grid box (proportional to the cosine 
of its latitude).  The global-mean land temperature anomaly time series is the average of the two 
hemispheric time series. 
 
b) How accurate are the global and hemispheric estimates? 
 
We first addressed this issue in Jones et al. (1986a,b) by comparing the hemispheric averages for 
the period 1941-1980 derived from all available grid boxes with those derived from only the grid-
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box time series that contained data in specific decades such as the 1850s, 1860s, 1870s, etc. The 
results showed less reliability for annual values for the earliest decades (the 1850s is the first), but 
greater reliability for century-timescale trends (especially for the coverage available from the 1880s 
onwards). This conclusion has been supported by later independent studies (Karl et al., 1994, 
among others).  This source of uncertainty (incomplete spatial coverage) is one element of the error 
estimates that CRU now provides jointly with the Met Office Hadley Centre (MOHC), following 
our collaborative work (Brohan et al., 2006). 
 
The reason behind the success of the sparse grids is that temperature data are highly spatially 
correlated (and the spatial correlation tends to increase for longer timescales). Thus, even though 
there are records from thousands of sites, the effective number of independent sites is much less 
than this. Estimates (using both observational data and globally-complete climate model data) 
indicate that the effective number of independent sites at the annual timescale is less than 100 (see 
Jones et al., 1997). Thus, provided input data sets have around 100 well-spaced sampling points for 
which the data are relatively free of non-climatic biases, they will lead to large-scale area averages 
that are very similar to those obtained from the full dataset used (i.e. within the uncertainty ranges 
which will be discussed in the next sub-section). The number required would be substantially higher 
at the daily timescale. Figure 4.6.4 (later) will show that these sampling concepts work especially 
well back to about 1900.  
 
c) Error estimates of global land temperature averages 
 
Jones et al. (1997) and later studies extended the concept of the effective number of independent 
sites to estimate the accuracy of global land temperature averages at the annual timescale. The two 
standard error range for CRUTEM3 for the period from 1951 to the present is ±0.2°C, which 
expands to ±0.5°C for years in the 19th century. These ranges may seem quite wide, but they are 
halved in the HadCRUT3 dataset when the marine data are added.  
 
The derivation of the latest error ranges for CRUTEM3 is described in Brohan et al. (2006). There 
are several components of the error: these include the error due to incomplete spatial sampling; an 
estimate of the error due to the homogeneity adjustments applied and an estimate of the error due to 
possible urbanization effects at some sites. We include these 95% ranges (2.5%–97.5% errors) 
based on CRUTEM3 on each of the subsequent time series figures (green or grey shaded bands). 
 
Summary 
 
For instrumental data, the derivation of hemispheric and global temperature means has been 
assessed in a number of ways. We initially performed assessments of the sparser coverage in the 
early decades by determining how well these grids would perform in comparison to the more 
complete data from the 1940s onwards. We have subsequently developed these concepts into an 
error model for each monthly grid box, which can be expanded up to any scale – eventually to the 
hemispheric and global scales. Error ranges are smaller for the Northern as opposed to the Southern 
Hemispheres because coverage is much more complete in the Northern Hemisphere. Error ranges 
expand slightly after 2000 as the number of available stations reduces (see later response in section 
4.5).  Also, in a later plot (Figure 4.3.3) we will show that removing 298 stations has no significant 
effect on global and hemispheric averages since 1900. Comparisons with other datasets and 
subsampling are also pertinent to this question and will be discussed in section 4.6. 
 
4.3 Describe as clearly as possible the protocols you have followed in selecting, correcting and 
rejecting data and stations. 
 
a) Why is there a need to adjust some of the temperature data? 
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Temperature measuring locations have rarely stayed at the same site for the entire period of record. 
Changes in station location or in the methods used to calculate monthly average temperatures and 
improvements to instruments can affect the homogeneity (or consistency) of the temperature time 
series. Homogeneity is the term used by climatologists to indicate long-term consistency (i.e. can 
we directly compare temperatures recorded decades or a hundred years ago with today’s values?).  
In the early 1980s, CRU began a 3-4 person-year exercise assessing the long-term homogeneity of 
each station temperature series. The exercise worked best in the data dense regions of the world 
because it was based primarily on inspecting the differences between a temperature record and 
multiple neighbouring series. We were not able to adequately assess stations in regions distant from 
other sites, or for early periods when there were no neighbouring records.  
 
The TR reports (TR022 and TR027) document which neighbouring stations were used for 
comparison and to calculate the necessary adjustments, the periods over which the adjustments were 
calculated, the periods over which the adjustments were applied, and the adjustment values 
themselves (a separate value was calculated and applied for each of the 12 months of the year). 
 
During the course of this exercise we removed a number of stations with problems that were too 
difficult to adjust. These sites were mostly in data dense regions so their omission would not affect 
the dataset as there were other stations in these regions. A number of these sites were affected by 
apparently “non-climatic” warming trends possibly related to urbanisation, particularly in the USA.  
Again these station data omissions are documented in the literature (TR022, TR027 and Jones et al., 
1986a, b). 
 
CRU has been accused of ‘losing’ these primary data. All of the primary station data still exist; in 
NMS Yearbooks and GHCN. Moreover, the sources are all documented in these reports published 
by CRU in the 1980s.  The primary data can also be reconstructed by “undoing” the adjustments 
that are documented in these reports (taking later substitutions into account – see sections 4.4 and 
4.5).  Note also that the majority of station records (~90%) were not adjusted by CRU, and hence 
our datafiles still contain the primary data that we received. 
 
More automated adjustment procedures have been developed in recent years and one of these is 
employed by NCDC (Menne and Williams, 2009). It is possible with their data (GHCN) to use 
either their original unadjusted dataset or their adjusted dataset. We will illustrate the use of these 
two versions in responding to the final question in this section. 
 
Even in the 1980s we realised that the adjustments we had applied had hardly any overall effect on 
the hemispheric and global temperature datasets. We will return to this in a later section, but the 
overall reason for this is illustrated by two diagrams (Figures 4.3.1 and 4.3.2), the first developed 
during the writing of Brohan et al. (2006) and the second from a more recent paper for the 
contiguous USA (Menne et al., 2009). Figure 4.3.1 shows the counts of annual adjustments 
assembled as histograms. Figure 4.3.2 shows monthly adjustments, for mean maximum and mean 
minimum temperature separately, assembled into histograms. Both indicate the frequency with 
which adjustments of different magnitudes have been made. These show a characteristic bimodal 
distribution of dominant adjustments in the range ±0.3–1.5°C. Adjustments near zero are rare, as 
expected, since the need for small adjustments is harder to detect.  These histograms indicate quite 
similar numbers of negative and positive adjustments, which tend to cancel out when forming a 
global average.  Figure 4.3.2 gives the overall average of the changes (within each panel within 
Figure 4.3.2) and these are very close to zero. In the original caption to Figure 4.3.2, Menne et al. 
(2009) refer to adjustments as ‘changepoints’ and they distinguish three different types – 
undocumented (station history information contains no evidence of anything changing), 
documented (station history supports a change) and a smaller number due to changing 
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instrumentation (from Liquid in Glass, LiG, thermometers to the new Maximum-Minimum 
Temperature System, MMTS used in the USA).  
 

 
 
Figure 4.3.1: Counts of the number of annual adjustment factors from publications TR022 and TR027 for 
specific temperature adjustments from -3 to +3 degrees Celsius. The counts do not equal the number of 
stations as some stations have more than one adjustment. The overall average is -0.18 degrees Celsius. 
 
If the calculation of the global and hemispheric temperature averages was our sole purpose then 
adjustments to the dataset would not be necessary because they tend to cancel out. Our aim, 
however, has always been to develop a gridded temperature dataset that can be used for numerous 
other purposes and by many other scientists. One particular requirement is to show spatial patterns 
of change (an example of this will be shown later) and for these applications it is appropriate to 
apply adjustments to obtain reliable estimates of these patterns (since the adjustments do not 
necessarily cancel out in all individual regions). 
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Figure 4.3.2: Figure 6 from Menne et al. (2009). 
[Original Caption] Histograms of the magnitude of changepoints (shifts) in U.S. HCN (Historical 
Climatology Network)  mean monthly maximum and minimum temperature series: (a), (b) all changepoints; 
(c), (d) undocumented changepoints; (e), (f) changepoints associated with documented station changes; (g), 
(h) changepoints associated with the transition from LiG thermometers to the MMTS. A negative shift 
indicates that the inhomogeneity led to a decrease in the mean level of the temperature series relative to 
preceding values. 
 
b) Do the CRU adjustments from the 1980s make any difference to global and hemispheric 
averages? 
 
In the previous sub-section we discussed the CRU adjustments made to the temperature series in 
1985/6 and where these were documented. In the next two Questions (4.4 and 4.5) we will discuss 
updating procedures and the incorporation of additional data from various sources. These new data 
have replaced some of temperature series we adjusted in 1985/6, leaving 298 temperature series for 
which we still use the documented changes (in TR022 and TR027). In Figure 4.3.3 we show the 
effect of first removing these 298 stations from the analysis and second undoing the adjustments 
that had been applied to these 298 stations (i.e. replacing them with the data they had before our 
1980s adjustments). The effect on the global and hemispheric averages is small before 1880 and 
barely noticeable afterwards. The reason for this is the limited number of effectively independent 
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temperatures at these large scales; thus omitting 298 stations does not remove much independent 
information (except in the early period when there are very few stations). 

 
 
Figure 4.3.3: The black line is the global and hemispheric averages from all CRUTEM3 (Land only) sites. 
The red line in each plot is after removing the 298 stations CRU corrected in 1985/1986. The blue line in 
each plot shows the effect of de-adjusting (i.e. putting the temperature values back to their original raw 

values) the same 298 station series. The green range covers the 2.5 to 97.5% estimate of the errors – due to 
reduced coverage, homogeneity assessment and urbanization effects (see Brohan et al., 2006). 

 
Summary 
 
Our original aim in all studies with the station temperature data has been to derive a gridded product 
(CRUTEM3). For this to be as reliable as possible for each grid box it is necessary to adjust some 
of the station series and to incorporate as much homogenised station data (see next section 4.4) as 
possible. Our adjustments applied in 1985/86 are documented in TR017, TR022 and TR027. For the 
hemispheric and global averages, however, the impact of the adjustments has little net effect at 
these large-spatial scales, principally because the positive and negative adjustments tend to cancel 
out. Also removal of the 298 stations adjusted in 1985/86 or their replacement with the original 
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temperature values has no measureable effect on the global and hemispheric temperatures after 
1880. 
 
4.4 Has this been an orderly and objective process applied to all datasets?  
 
Over recent years (since about 2000) a number of European and other NMSs have undertaken 
homogeneity exercises (adjustment of their data for the problems discussed above), sometimes 
more than once. We have always stated in our later publications (e.g. Jones and Moberg, 2003) that, 
from our experience, homogeneity assessment is best performed in the country by the NMS 
concerned (since they are more likely to have access to accurate station history information and 
possibly to a denser station network for undertaking neighbouring comparisons). We have gained 
access to many of these homogenized data and used them to replace the original data we had in our 
station database. Countries for which we have received improved and longer time series include 
Canada, the Nordic countries, some in western Europe, Australia and New Zealand. Over time this 
also gradually increased the number of stations in the database to the current level of 5121 (4348 
are actually used). We have always placed greater emphasis on regions where data are sparse, rather 
than just increasing overall station numbers. We have recently gained access to 475 stations from 
Russia. We will be looking at these data to determine if they are an improvement on the stations we 
have. This will take some time as, at present, there seems to be no documentation as to how 
adjustments (that are evident following initial comparisons with our data) have been made. 
 
Summary 
 
We assess each new set of station data that we become aware of. We compare the new data with 
what we had, and also take account of the metadata (station history information) which comes with 
the data or from an associated publication or report. We generally find that new data series coming 
from NMSs are better in quality (in terms of completeness and fewer outliers) than those we 
currently have. This process also leads to an overall increase in station numbers as we incorporate 
additional data for locations where we previously didn’t have any. We are, therefore, striving to 
improve the basic station dataset all the time. It is recognised that fuller documentation of this 
process would be desirable, and we are working towards using a more formal version control 
approach (using “Subversion” software), where each set of new station data (after it has been 
assessed) can be added with source codes and/or a log file indicating the source – which may differ 
for different periods within the record at each site. We will then be able to track more precisely the 
source of all parts of each station temperature series. 
 
4.5 To what extent have different procedures for data of different vintages and different 
sources been unified?  
 
In addition to the answer to Q4.4, updates in real time come from messages (about 1500 at the 
present) sent by most NMSs on the CLIMAT network at the end of each month. The CLIMAT 
network is a small part of the weather messages exchanged between NMSs – the majority of which 
are used for weather forecasting purposes. A very small percentage (<1%) of CLIMAT messages 
are incorrect in some way and we assess each temperature value with an outlier check.  
 
When NMSs release more data (on their web site and also every 10 years in WMO publications, the 
last of which was for 1991-2000), we replace the real-time CLIMAT messages with these data 
when this is possible. The amount of station data available since 2001 is significantly reduced 
(~1500 stations) from that available for the period 1951–2000. The error ranges in some of the plots 
widen after 2000, reflecting the smaller numbers of stations available. It is important to include the 
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additional data released later by NMSs and WMO to improve the gridded product (CRUTEM3) 
even though it has barely any effect on the hemispheric and global averages. 
 
To illustrate changes in coverage over time, Figure 4.5.1 shows the land station network from CRU, 
for the decades 1900–1909, 1950–1959 and 2000–2009. 
 
Summary 
 
In summary, we are updating our station database in real time with each additional month, but also 
adding in earlier data from NMS homogeneity exercises and also when each new 10-year set of data 
is released through WMO. This is essentially a two-tier process – real-time updating from 
CLIMAT, and a second later updating from NMSs and the WMO decade datasets.  Coverage for 
2001–2010 will improve in a few years time when the next digital decade set of data is released.  
Additionally, data from NMSs is assessed when received and incorporated into each new version of 
the dataset (the last two versions being Jones and Moberg, 2003, and Brohan et al., 2006). Real-
time updating is jointly undertaken with MOHC. CRU undertakes the later second-tier of updating. 
This second tier of updating will also benefit from a more formal version control approach (as 
discussed at the end of section 4.4). 
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Figure 4.5.1: Stations with 75% of their monthly data complete for the three decades (1900–1909, 1950–
1959 and 2000–2009). 
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4.6 What means do you use to test the coherence of the datasets? 
 
a) Comparisons with similar datasets produced at other data centres (National Climatic Data 
Center, NCDC, part of NOAA, and the Goddard Institute for Space Studies, GISS, part of NASA, 
both in the USA) 

 
Figure 4.6.1 shows comparisons with similar land-based datasets produced in the United States. In 
this 3-panel plot, the agreement between CRUTEM3 and the series from GISS and three different 
versions from NCDC (see figure caption) is excellent, particularly for global and Northern 
Hemisphere land areas. There is slightly more difference between the series for the Southern 
Hemisphere, but the encompassing error ranges from CRUTEM3 are also wider reflecting the 
greater uncertainty in the Southern Hemisphere.  
 
In addition to the agreement between the temperature time series from the three centres, Figure 
4.6.1 reinforces the earlier statements relating to Figures 4.3.1 and 4.3.2 that station homogeneity 
adjustments have little overall effect on the global and hemispheric temperature curves.  The NCDC 
(No Hom) series (see also the NCDC web site: http://www.ncdc.noaa.gov/cmb-faq/temperature-
monitoring.html showing results with and without homogeneity adjustments at the end of their Q4 
in a series of six questions and answers) shows the result NCDC obtains when they apply their 
gridding and averaging method to the unadjusted GHCN station data (i.e., without homogeneity 
adjustments).  This also agrees excellently with the other series. 
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Figure 4.6.1: Five series of hemispheric and global temperature averages. The black line is the global 
average from all CRUTEM3 (Land only) sites. The green range covers the 2.5 to 97.5% estimate of the 

errors – due to incomplete coverage, homogeneity assessment and urbanization effects (see Brohan et al., 
2006). The other four curves are three different versions of the NCDC dataset [“NCDC Hom”, the current 

version (Smith et al., 2008) in purple, “NCDC  Alt Hom”, an earlier version (Smith and Reynolds, 2005) in 
red, and “NCDC No Hom”, a version produced by NCDC using completely unadjusted station data from 

GHCN in orange] and the fourth is the NASA/GISS dataset [Hansen et al. (2001) in blue]. The global 
average is calculated as the average of the two hemispheric series, the same way the global mean is 

calculated for CRUTEM3. The NCDC and GISS series have been adjusted from their different base periods 
to the 1961–1990 period used by CRUTEM3. 
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b) Spatial patterns of change 
 

A study has just been published (Simmons et al., 2010) which compares CRUTEM3 with the 
results of Reanalyses derived by the European Centre for Medium-Range Weather Forecasting 
(ECMWF). The study uses an earlier set of ECMWF Reanalyses (ERA-40) for the period 1973 to 
1988 and ECMWF’s latest Reanalyses (ERA-Interim) for the period from 1989 to 2008. Reanalyses 
are essentially the analyses from which current weather forecasts are begun and are updated each 
day by assimilating all the new observations from around the world. Observations come from the 
surface, radiosondes, satellite measurements and aircraft. Reanalyses are produced for many 
variables from the surface up to the top of the model atmosphere. Figure 4.6.2 shows spatial 
comparisons of decade averages of land surface temperature for 1979–1988 and 1999–2008 both 
with respect to the 1989–1998 mean, for both CRUTEM3 and the reanalyses. The pattern of spatial 
agreement between the left- and the right-hand panels in Figure 4.6.2 is striking, showing very high 
spatial coherence. 
 
Figure 4.6.3 shows 12-month running means of global-mean temperature averages for 1973 to 
2008, taking ERA data only from the grid boxes where CRUTEM3 has data (Figure 4.6.3a) or 
taking ERA data from the full land areas (Figure 4.6.3b). The correlation between the series in 
Figure 4.6.3a is close to unity. The spatially complete ERA data (Figure 4.6.3b) suggests that the 
world’s land areas have warmed more than indicated by CRUTEM3. 
 

 
 

Figure 4.6.2: Ten-year mean anomalies in land surface temperature (°C) relative to the 1989–1998 mean for 
(a) CRUTEM3 for 1979–1988, (b) ERA-40 for 1979–1988, (c) CRUTEM3 for 1999–2008, and (d) ERA-

Interim for 1999–2008. Reanalysis values are plotted for all 5° squares for which there are CRUTEM3 data 
and for all other grid squares with more than 10% land. [This is Figure 2 from Simmons et al., 2010] 
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Figure 4.6.3: Twelve-month running means of global land temperature anomalies (°C) from ERA-40 (dotted 
curve) and ERA-Interim (black, solid curve) reanalyses and from the CRUTEM3 data set (grey solid), 

averaged globally, from 1973–2008. (a) Comparison of surface temperatures over land from CRUTEM3 and 
the reanalyses, with the reanalyses sampled with the same spatial and temporal coverage as CRUTEM3. (b) 
Same as (a) but with reanalyses averaged over all land values. [This Figure is the top two panels of Figure 3 

from Simmons et al., 2010] 
 
 
c) Sub-sampling CRUTEM3 and still getting the same result. 
 
In Parker et al. (2009) calculation of hemispheric and global temperatures was made using alternate 
5° by 5° grid boxes in alternate 5° latitude bands – see bottom panel of Figure 4.6.4. The two sets of 
samples (pink and green) are completely independent of each other in terms of station data used.  
Despite being based on completely independent subsamples, from 1900 onwards the two 
subsamples are within the uncertainty ranges of the black line (which is the full version of 
CRUTEM3 when this plot was produced by Parker et al., 2009). Prior to 1900 the estimates have 
greater differences due to the lack of coverage in many parts of the world in the 19th century, 
particularly in the Southern Hemisphere (when the available sample is very small, reducing it to 
even smaller subsamples not surprisingly introduces much stronger sampling variability). In 
addition, we have smoothed the annual values with a 30-year Gaussian filter to show the better 
agreement for changes over longer timescales. 
 
Summary 
 
In conclusion there is excellent agreement between the three independently developed land-only 
series at the hemispheric and global scales. In particular it has been shown that a completely 
unadjusted station dataset produces essentially the same series as all the others (Figure 4.6.1). 
Trends over the period from 1900 to 2009 would not be statistically significantly different from 
each of the five series. The new ECMWF Reanalyses agree almost perfectly with CRUTEM3 when 
averaged over the regions where CRUTEM3 has data. There is also excellent agreement in the 
patterns of change for the two decades available. Finally, subsampling CRUTEM3 also produces 
essentially the same hemispheric and global temperature series since 1900. Later in response to 
Q6.5 (see Figure 6.5.1) it will be shown that the 80% of station data released by MOHC again 
produces essentially the same hemispheric and global series as when all 100% of the data are used. 
The global and hemispheric averages are therefore robust when compared to the NCDC and GISS 
datasets, to the new ERA-Interim Reanalyses, to subsampling and to excluding 20% of the station 
data for which we have yet to gain permission to release.  
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Figure 4.6.4: (Redrawn from Parker et al., 2009) Annual global and hemispheric mean land surface air 
temperature anomalies (°C with respect to 1961–1990) for 1850–2007 for the full database (black) with 95% 
uncertainty ranges (shading) and for two subsamples (pink and green lines). The smoothing of the line has 
been achieved with a 30-year Gaussian filter. The locations of all the CRUTEM3 points are shown in the 

bottom-left map and for the subsamples (pink and green) in the bottom-right map. 
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Issue 4   -   Appendix 1: Overview of the construction of global land temperature data used for CRUTEM3 and HadCRUT3, the Met-Office-
Hadley-Centre/UEA-CRU global temperature data set 

 
Timing 
 
Early–mid 1980s 
 
 
 
 
 
 
 
 
 
1985 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1985/6 
 
 
 
 
 
 
Ongoing work 
from 1986 to 
present 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Present 
 
 
 
 

Data / step 
 
Obtain or digitise temperature measurements 
recorded by weather stations around the world 
• Sources include: 

o World Weather Records 
o Met Service yearbooks 
o etc. 

 
 
 
 
The outcome was the “CRU station temperature 
primary data base” 
 
Visual and statistical analysis 
 
 
 
This led to one of three decisions being made: 
• The original data values can be used 
• The original data values can not be used due to 

obvious problems 
• The original data values show some obvious 

problems (perhaps due to a station being moved 
to a different location) but they can be adjusted 
by comparison with neighbouring stations 

 
 
The outcome was the “CRU station temperature 
adjusted data base (1985/6 version)” 
 
 
 
 
 
Month-by-month updates for those stations that are 
still recording (and whose data we could easily 
obtain) were appended to the CRU station 
temperature adjusted data base. 
 
Other sources of additional data obtained, 
especially from parts of the world with sparse data.  
Some were supplied with agreement that we would 
not pass them on to any one else 
 
Other sources of replacement data obtained, if 
NMSs undertook their own homogeneity 
adjustments and created an improved data set for 
their country.  These replaced the data previously 
in the CRU station temperature adjusted data base. 
Every decade the WMO decade datasets are added 
 
This current version of the CRU station 
temperature adjusted data base is gridded onto a 
regular grid across the land surface of the Earth 
(CRUTEM3), and combined with gridded 
temperatures for the ocean surface (HadSST2), to 
obtain the global temperature record (HadCRUT3) 
 
Data from NMSs and the next decadal dataset from 
WMO (2001-2010) will be added in the future, 
leading to a new version. 

Availability 
 
 
 
Data are still available from these 
primary sources.  Many are also 
available from a single source, the 
Global Historical Climatology 
Network 
 
 
 
The list of stations in this database 
is recorded in TR022/TR027 
 
The types of analysis undertaken, 
and the results of these analyses, 
were reported in TR022/TR027 
 
TR022/027 list the outcomes of 
the decisions and they also list any 
adjustments that were made (the 
years of adjustment and the values 
that were added or subtracted to 
the data from those years) 
 
 
 
 
The list of stations in this database 
is recorded in TR022/TR027 
 
 
 
 
 
The month-by-month station 
temperature updates since 2000 
are available at the hadobs.org 
website 
 
 
These sources of additional and 
replacement station data are given 
in various scientific publications  
(Jones and Moberg, 2003; Brohan 
et al., 2006) 
 
 
 
 
 
 
The gridding program (and 80% of 
the accompanying station data 
files) to generate the gridded land 
temperature dataset (CRUTEM3), 
that is run at the Met Office 
Hadley Centre was released on 29 
January 2010. Prior to that, about a 
third of the station data (and the 
program) had been released on 8 
December 2009. 

Commentary 
 
 
 
Sources are documented in TR017 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although we call it the “adjusted” 
data base, the majority of the data 
were not adjusted because the 
original data values did not need 
adjusting 
 
 
Since 1986 a continuous process 
of updating the data base has been 
followed, with new data each year 
or each month being appended.  In 
recent years, this updating has 
been undertaken jointly with the 
Met Office Hadley Centre. 
 
In addition, improvements to the 
older data have been made on an 
irregular basis, either adding in 
new data not previously available 
to us, or replacing our data with 
improved versions provided by 
national meteorological services.   
 
 
 
 
In recent years, the gridding 
process and the generation of the 
global temperature record 
(HadCRUT3), is undertaken at the 
Met Office Hadley Centre. 
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Issue 5. It is alleged that there have been improper attempts to influence the peer review 
system and a violation of IPCC procedures in attempting to prevent the publication of 
opposing ideas. 
 
 
5.1 Give full accounts of the issue in relation to the journal Climate Research, the June 2003 
email, and the March 2004 email to Mann (“recently rejected two papers (one for Journal of 
Geophysical Research & one for Geophysical Research Letters) from people saying CRU has 
it wrong over Siberia. Went to town over both reviews, hopefully successfully. If either 
appears I will be very surprised”.  
 
a) Soon and Baliunas (2003) paper in Climate Research 
 
The 11 March 2003 email from Professor Michael Mann relates to a paper published in Climate 
Research in January 2003 (Soon and Baliunas, 2003).  As the publisher (Inter-Research) itself 
admitted in a statement in August 2003 (Kinne, 2003), this paper ‘evoked heavy criticism, not least 
in EOS 2003’ (Mann et al., 2003a,b). 
 
Two members of the School of Environmental Sciences (ENV) became directly involved in 
discussions relating to the publication of this paper because Clare Goodess (CRU) was one of the 
ten editors of Climate Research and Mike Hulme (ENV) was a review editor and former editor (he 
was replaced by Clare Goodess in 2001). Many of the concerns of the review editors and members 
of the palaeoclimate community were raised with Clare Goodess and Hans von Storch (another 
Climate Research editor - based at GKSS, Germany). By 1 May, Goodess and von Storch were 
sufficiently concerned by the issues being raised that they emailed the editor who had handled the 
Soon and Baliunas manuscript (Chris de Freitas) and the publisher (Otto Kinne of Inter-Research). 
 
This initiated an internal discussion between Inter-Research and Climate Research editors and 
review editors about how the review of this particular manuscript had been handled, but also a 
much broader discussion about the appropriateness of the Climate Research editorial process, 
particularly the appropriateness of having ten editors each acting independently. The course of 
action proposed to be taken by Inter-Research was described to Climate Research editors and 
review editors on 20 June 2003. In particular, nominations were sought for a Climate Research 
Editor-in-Chief. Hans von Storch was nominated and appointed to this position on 14 July, to be 
effective from 1 August 2003. 
 
To mark the start of his appointment, von Storch prepared a draft editorial and circulated it to all 
editors for comment. Otto Kinne decided that he would not accept the editorial, thus von Storch 
resigned as Editor-in-Chief on 28 July and Clare Goodess resigned as editor on 29 July. Two other 
editors also resigned because of Inter-Research’s refusal to publish the editorial and continuing 
concerns about quality control (Mitusuru Ando on 30 July and Shardul Agrawala on 11 August). 
Andrew Comrie resigned as editor later in the year – thus half the editorial board of 10 resigned 
over this affair. Mike Hulme resigned as review editor on 30 July.  
 
In August 2003, Inter-Research published a statement in Climate Research (Kinne, 2003) which 
acknowledged that: 
 
‘..there was insufficient attention to the methodological basis of statements that touch on hotly 
debated controversies and involve pronounced political and economic interests. CR should have 
been more careful and insisted on solid evidence and cautious formulations before publication.’ 
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and, with reference to statements in the Soon and Baliunas paper about the nature of the 20th 
century climate, 
 
‘While these statements may be true, the critics point out that they cannot be concluded 
convincingly from the evidence provided in the paper. CR should have requested appropriate 
revisions of the manuscript prior to publication.’ 
 
Hans von Storch wrote an account of events from his perspective in 2003 
(http://coast.gkss.de/staff/storch/CR-problem/cr.2003.htm).  
 
Clare Goodess wrote an account from her perspective in November 2003 
(http://www.sgr.org.uk/climate/StormyTimes_NL28.htm). 
 
The affair was also discussed in the press – in some detail in The Chronicle of Higher Education in 
September 2003 (Monastersky, 2003). 
 
In December 2009, following publication of an opinion piece in The Wall Street Journal by Patrick 
J Michaels 
(http://online.wsj.com/article/SB10001424052748704398304574598230426037244.html),  
von Storch and Goodess wrote a letter (which does not appear to have been published) to the editor 
to correct certain mis-representations in the piece. In particular, the letter stressed that their 
resignations were ‘related only to events and decisions internal to [the journal] Climate Research, 
and had nothing to do with any pressure exerted by peers.’ 
 
We note that there have been extensive changes to the structure and makeup of the editorial board 
of the journal Climate Research since this issue arose in 2003.  This journal now has two co-
editors-in-chief (Mikhail Semenov and Nils Stenseth), 10 contributing editors (only one of whom 
was as an editor in 2003) and 23 review editors (http://www.int-res.com/journals/cr/editors/). 
 
In relation to the quoted email and the allegation that journals might be pressured to reject 
submitted articles that do not support a particular view of climate change, (i) we observe that the 
initial discussion of how to “deal” with this matter transformed into a decision to formulate a 
scientific critique of Soon and Baliunas (2003) which was subsequently published in EOS, and that 
CRU staff have not “boycotted” the journal Climate Research nor the papers published in it; and (ii) 
we re-iterate that von Storch and Goodess stress that their resignations ‘had nothing to do with any 
pressure exerted by peers.’ 
 
b) Briffa writing to a fellow researcher 
 
The stolen Briffa email (referred to in the question as the second issue) was sent to Dr. Edward 
Cook on 4 June 2003, in connection with Briffa’s role as an Associate Editor of the scientific 
journal The Holocene.  In this email Briffa makes reference to an earlier request sent by him to Dr. 
Cook and Dr David Stahle, in letters dated 17th June 2002, asking them for the first time to review a 
manuscript.  Dr. Stahle’s review was received by email on the 7th August 2002.  This review 
pointed out fundamental weaknesses in the work described in the manuscript and recommended that 
it should not be published without significant further work and formal resubmission.  By April 
2003, Cook’s review had not been received and Briffa contacted him again to ask if he had sent it.  
This is the context in which Briffa sent the later email (dated 4 June 2003) in question. 
 
In an article by Fred Pearce, published in the Guardian (3rd February 2010), it was suggested that 
this email might be evidence that Briffa initiated an attempt to have this paper rejected. A fuller 
extract of the email makes it clear that Briffa’s email was a reminder, intended only to chivvy the 
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reviewer into delivering what was clearly an overdue review (“I am really sorry but I have to nag 
about that review – Confidentially I now…”). 
 
Briffa’s memory of this affair 6/7 years ago is vague and he no longer has the paper files relating to 
his editorial duties at that time. To the best of his knowledge the email was sent after receiving an 
unofficial indication (probably in a prior phone conversation) that Dr. Cook had already looked 
briefly at the paper and had indicated that, after a more careful reading, it was possible that he might 
not find it publishable. Briffa’s email was intended to stress the requirement for Cook, in his formal 
review, to supply a detailed case to justify rejection, if indeed that turned out to be his 
recommendation. Dr. Cook’s (admittedly similarly weak) recollection of the affair accords with 
Briffa’s. 
 
As it turned out, when Cook’s review was eventually received, on 4th June 2003, it was not strongly 
negative, but more ambivalent. Subsequently, the paper was not rejected out of hand. The author 
was given the chance to respond to both referees’ comments and invited to submit a reworked 
manuscript if it was felt that this could satisfactorily address the criticisms outlined in the reviews. 
To Briffa’s knowledge, no resubmission was made.  
 
Briffa does not have a copy of this manuscript. However, despite the additional inference in 
Pearce’s article, the contents of the reviews make it clear that Briffa had no direct interest in the 
subject of the paper under review. It was not connected to his work and it would be difficult to infer 
much, if any, relevance to the issue of global warming or to the IPCC Fourth Assessment Report. 
Hence the email provides no evidence of any attempt to subvert the peer review process. Briffa did 
not attempt to influence the decision of the referees, neither of whom would be influenced by any 
such attempts anyway. For reasons of confidentiality, the identity of the author and the reviewers’ 
reports are not presented here. These can be supplied, if required (subject to the author 
confidentiality being maintained).  
 
c)  March 2004 email to Mann 
 
The third part of this question refers to a 2004 email to Professor Michael Mann and refers to two 
papers Phil Jones (PDJ) reviewed for the Journal of Geophysical Research (JGR) and Geophysical 
Research Letters (GRL). PDJ has no recall of the one from JGR nor can he find anything from JGR 
at that time. In his search of his paper archives he found two reviews he undertook (one in February 
2004 and a later review of a revised version of the same paper some months later). Both of these 
reviews were undertaken for GRL, and evaluated an article submitted by the same author.  The two 
versions of this article looked at temperature data from southern Siberia compared to CRU data. 
The reviews were both sent to GRL editor Saburo Miyahara. The first review was requested on 26 
February 2004; PDJ is unable to find in his paper archives the date of the second review, but it is 
clear that they are both from 2004. For reasons of confidentiality, the identity of the author and the 
reviewers’ reports are not presented here. These can be supplied, if required (subject to the author 
confidentiality being maintained). 
 
PDJ does not keep copies of papers he has reviewed for very long once the reviewing process is 
complete; not surprisingly, therefore, he is unable to find copies of the two versions of the paper, 
nor the response from the author to the first set of reviews. The only material now available to PDJ 
for evaluating this issue are the two reviews that he wrote.  The main criticism contained within the 
first review of this paper is that it is greatly lacking in sufficient and significant detail on many 
issues that it covers.  This made it difficult to understand what the author had actually done.  From 
the second review it is clear that the author has not considered most of PDJ’s initial review points 
when making his second version. 
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5.2 Are the first two instances evidence of attempts to subvert the peer review process?  
 
The Soon and Baliunas (2003; SB2003) paper appeared in the literature and the comment included 
in the review team’s preamble to Issue 5 was made by Professor Michael Mann.  PDJ, Keith Briffa 
and Tim Osborn had no involvement in the subsequent actions of the Climate Research editorial 
board related to SB2003 that are described above.  PDJ, Keith Briffa and Tim Osborn were 
involved in the preparation of a brief response (led by Professor Michael Mann) to Soon and 
Baliunas (2003) in the weekly journal EOS (Mann et al., 2003a). There was subsequently a 
comment on this short EOS piece from Soon, Baliunas and Legates (Soon et al., 2003) accompanied 
by a brief reply from Mann et al., also published in EOS (Mann et al., 2003b). 
 
As for the two GRL reviews, PDJ only acted as a reviewer, and expressed his opinion and made his 
recommendations to the GRL editor. At the end of the second review, PDJ suggested that the GRL 
editor might go to an additional reviewer. 
 
In neither instance is there any evidence of an attempt to subvert the peer-review process. 
 
 
5.3  In relation to the third, where do you draw the line between rejecting a paper on grounds 
of bad science etc, and attempting to suppress contrary views? 
 
We are confident that CRU staff involved in the peer-review process consistently consider the 
quality and accuracy of the scientific content of a paper as the primary determinant of any 
recommendation concerning its publication or rejection.  If directed to do so by instructions from a 
journal’s editor, we may also consider other factors, including the appropriateness of the paper for 
the journal’s readership and the “significance” of the paper in terms of the increment in scientific 
knowledge that it represents.  We do not make recommendations for rejection on the grounds that a 
paper expresses “contrary” views. 
 
We are assuming here that the “third” instance identified by the Review Panel relates to the paper 
by McKitrick and Michaels in 2004 (MM2004). PDJ did not review this paper. In some emails PDJ 
discussed the fact that he thought the published paper was poor. He was merely expressing an 
opinion about a published paper, not attempting to suppress contrary views. We note that the 
MM2004 paper has received some criticism over the years as to whether the statistical approaches 
used can really support the conclusions that were drawn (Benestad, 2004; Schmidt, 2009). 
 
5.4 To what extent is your attitude to reviewing conditioned by the extent that a paper will set 
back the case for anthropogenic global warming and the political action that may be needed 
to mitigate it?  
 
CRU does not accept that we were trying to subvert the peer-review process and unfairly influence 
editors in their decisions. Those staff in CRU who are involved in the peer-review process 
undertake their reviews in confidence and good faith and send them back to the editors.  It is then 
up to the editors to decide whether a paper is accepted (possibly with minor or major revisions) or 
rejected, usually on the basis of recommendations from multiple reviewers. 
 
Since the beginning of 2005 PDJ has reviewed 43 papers. PDJ takes his reviewing seriously and in 
2006 PDJ was given an Editor’s award from Geophysical Research Letters for conscientious 
and constructive reviewing. PDJ does not undertake all the reviews he is asked to do. He often 
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suggests other reviewer’s names to the editor when he does not have the time, or sometimes 
considers he is too closely involved with the paper/authors. 
 
CRU categorically denies that any of its reviewing is influenced by what the question refers to as 
‘the case for anthropogenic global warming and the political action that might be needed to mitigate 
it’.  
 
5.5 What is the justification for an apparent attempt to exclude contrary views from the IPCC 
process? 
 
There is no justification for this statement and the two papers that were referred to in the emails 
(SB2003 and MM2004) were referenced in the IPCC AR4 WG1 Report. PDJ had not been involved 
in the writing teams for the previous three IPCC Reports. The comment about excluding the papers 
was made before any of the planning meetings related to the WG1 AR4 Report, where authors were 
instructed to assess all relevant material. It is important to emphasise that the IPCC Report is an 
assessment of the science, not a review. The cycles of review and revision of IPCC Reports from 
the First Order Draft onwards are fully transparent and overseen by review editors. All comments 
and responses are publicly available.  
 
References 
 
Benestad, R., 2004: Are temperature trends affected by economic activity? Comment on McKitrick and 

Michaels. Climate Research 27, 171-173. 
Kinne, O., 2003: Climate Research: an article unleashed worldwide storms. A statement from Inter-

Research. Climate Research 24, 197-198. 
Mann, M.E. et al. (inc, P.D. Jones, K.R. Briffa and T.J. Osborn), 2003a: On Past Temperatures and 

Anomalous Late-20th Century Warmth. EOS 84, 256-257. 
Mann, M.E. et al. (inc, P.D. Jones, K.R. Briffa and T.J. Osborn), 2003b: Response to comment on Mann et 

al., 2003 by Soon, Baliunas and Legates. EOS 84, 473, 476  
McKitrick, R. and Michaels, P.J., 2004: A test of corrections for extraneous signals in gridded surface 

temperature data. Climate Research 26, 159-173. 
Monastersky, R., 2003: Storm brews over global warming. The Chronicle of Higher Education, 5 September 

2003, http://chronicle.com. 
Schmidt, G.A., 2009: Spurious correlations between recent warming and indices of local economic activity. 

Int. J. Climatol. 29, 2041-2048. 
Soon, W. and Baliunas, S., 2003: Proxy climatic and environmental changes of the past 1000 years. Climatic 

Research 23, 89-110. 
Soon, W, Baliunas, S and Legates, D., 2003: Comment on “On Past Temperatures and Anomalous Late-20th 

Century Warmth”. EOS 84, 473. 



Copyright of all unpublished text and figures belongs to the Climatic Research Unit, University of East Anglia                            

Page 65 of 78 
Issue 6 of 8 

Issue 6. The scrutiny and re-analysis of data by other scientists is a vital process if hypotheses 
are to be rigorously tested and improved. It is alleged that there has been a failure to make 
important data available or the procedures used to adjust and analyse that data, thereby 
subverting a crucial scientific process. 
 
 
6.1 Do you agree that releasing data for others to use and to test hypotheses is an important 
principle?  
 
Yes, this is a very important principle in science. 
 
CRU does not collect and record its own data, but is dependent on third parties, particularly with 
respect to station data – sometimes these third parties impose restrictions which we have to respect. 
Restrictions are one of our motivations for developing gridded datasets and other derived products 
which can be freely distributed. We will give two examples at the end of the final question.  
 
6.2 If so, do you agree that this principle has been abused?  
 
The principle has not been abused. We have always released the gridded global temperature product 
(now called CRUTEM3), which is described in Brohan et al. (2006) and many scientists have used 
this dataset. This version contains the temperature anomalies (from 1961–1990) for all 5° latitude 
by 5° longitude grid boxes for 1850–2009 where there are some station data. Station data from 
GHCN have been freely available for many years, and we have shown in Figure 4.6.1 that the series 
from CRUTEM3, NCDC and GISS are in near-complete agreement on the course of land-based 
temperature change since the 1880s.  
 
6.3 If so, should not data be released for use by those with the intention to undermine your 
case, or is there a distinction you would wish to make between legitimate and illegitimate use? 
 
There is no distinction we wish to make, but there were some reasons why not all the data which we 
use could be released (see final question in this section). In responses to two FOI requests in 2007 
we pointed out that more extensive data could be obtained from GHCN and GISS, and the gridded 
product (CRUTEM3) was available on our website.  
 
6.4 If not, do others have reasonable access to the data at all levels and to the description of 
processing steps, in order to be able to carry out such a re-analysis? 
 
Station data from the GHCN dataset (see Issue 4) have been available for many years. Anyone has 
been able to download these data and create their own temperature dataset and calculate global and 
hemispheric temperature averages. Users are able to do their own station selection and use either the 
adjusted or unadjusted series that GHCN provide. 
 
The GISS group have released all the station data that they use and their programs that perform all 
the necessary steps to yield their global gridded data. To our knowledge no-one has published a 
paper re-analysing the GISS group techniques. 
 
The techniques used to develop the gridded product CRUTEM3 are described in Brohan et al. 
(2006). Additionally the CRU adjustments to the station temperature data made in 1985/6 are freely 
available in paper publications (TR017, TR022 and TR027) from this time.  See also the answer to 
the next question, which describes the station data and programs that the Met Office Hadley Centre 
have now made available with our cooperation. 
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6.5 Can you describe clearly the data-sets and relevant meta-data that have been released; 
what has not been released and to what extent is it in useable form?  
Where has it been released?  
 
Following the FOI request deluge in July 2009 (see response to Q6.6), CRU approached the Global 
Climate Observing System (GCOS), an organization within the World Meteorological Organization 
(WMO), to see if it would request the WMO to seek permission from each of its members (the 
NMSs) for CRU to release the primary station data for each country. WMO declined, but indicated 
that the appropriate procedure was for the request to come from the UK NMS (the Met Office). The 
Met Office agreed this was the correct procedure, and sent a letter of support to accompany an 
explanatory letter (see http://www.cru.uea.ac.uk/mr/PDJletter.pdf) written by PDJ to each NMS on 
November 30 2009.  
 
As of 19 February 2010, 59 responses to 160 requests have been received from the NMSs. Most are 
positive, but seven have been negative (confirming that there are real constraints to the release of 
some of the station temperature data). Some positive responses have requested CRU and the Met 
Office to state that more complete and extensive data are available on the NMS website.  
 
As a result of these responses, the Met Office Hadley Centre (MOHC) 
(http://www.metoffice.gov.uk/corporate/pressoffice/2009/pr20091208a.html), initially released 
about one third of the data on 8 December 2009. They have now subsequently (29 January 2010) 
released 80% of the station temperature data that comprise CRUTEM3. More of the remaining 20% 
will be released when further positive responses are received. The seven negative responses mean 
that not all of the station data will be able to be released. Together with the station data (80% of that 
used in CRUTEM3), an operational computer program has also been released by MOHC that 
produces a version of CRUTEM3 (the gridded product) and the associated global temperature 
average. This release also includes the dominant source codes introduced in Jones and Moberg 
(2003). The same data will be released on the CRU web site (http://www.cru.uea.ac.uk), which is 
currently being rebuilt following the hacking. 
 
Figure 6.5.1 shows average land temperatures as anomalies from 1961–1990 for the globe and the 
Northern and Southern Hemispheres. The agreement between the two series (black, all stations and 
red, the 80% of stations that have been made freely available) underlines the point made in response 
to question 4.2 that there is some redundancy in the numbers of stations that are required to estimate 
large-scale averages. The agreement for these scales back to the 1870s is excellent for the globe and 
Northern Hemisphere. For the Southern Hemisphere the agreement is slightly less good prior to 
1920. Trends over periods from 1880 would be almost the same (see point made in Q4.2 earlier). 
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Figure 6.5.1: Average land temperatures as anomalies from 1961–1990 for the globe and Northern and 
Southern Hemispheres. The black line is based on all stations contributing to CRUTEM3, while the red line 
is based on the 80% of stations released by MOHC in late January 2010. The green ranges encompass the 2.5 
and 97.5% ranges developed by Brohan et al. (2006)  
 
 
6.6 Where access is limited, or not possible, or not meaningful, for legitimate reasons please 
explain why? 
 
CRU endeavours to provide access to as much climate data as it can via its own website and on 
webpages of the various projects in which CRU is involved (e.g. ENSEMBLES 
http://www.cru.uea.ac.uk/projects/ensembles/ScenariosPortal/index.htm). There are many datasets 
on the CRU website and many climatologists make use of them, judging by the citations to journal 
papers that we put on the web site with the data and the acknowledgements to CRU made in 
hundreds of conference/workshop/meeting oral and poster presentations (e.g. at the annual 
European Geophysical Union assemblies). As stated in Q6.5 the web site is currently being rebuilt 
with pages added back on a user-demand basis.  
 
CRU received 61 FOI requests in July 2009 for parts of the station temperature data which we 
thought were co-ordinated in some way, as most arrived in a few days. CRU put up this web site 
(http://www.cru.uea.ac.uk/cru/data/availability/) giving more background to the issue of climate 
data availability. The problem of station data availability is not unique to CRU, but is widespread, 
particularly in Europe (the European Commission, for example, is fully aware that this issue affects 
a number of its funded projects, but does not have any authority over NMSs). This does not 
condone the problem, but it is something that climatologists have had to learn to live with for many 
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years. The problem is confirmed by the seven negative responses received from the 30 November 
2009 request to NMSs for permission for CRU to release some of their station data. Two of the 
seven countries that have made negative responses indicate that potential users should instead 
access the data from their own NMS website. This means that anyone can access their data, but that 
neither CRU nor the Met Office are allowed to put a copy of these data on their own websites. 
 
Data availability and access is an issue that affects many CRU research projects. Two examples are 
given below. 
 
PDJ and other CRU colleagues have recently been involved in a piece of work looking at the urban 
heat island in and around London. Temperature data for this work were obtained from the British 
Atmospheric Data Centre (BADC), which facilitates access to Met Office weather and climate data 
for the UK. When obtaining the data for research purposes, users sign an agreement that they will 
not use the data for any other project nor for commercial gain and that they will not pass the data 
onto third parties. The use of data for research purposes is part of an agreement between the Met 
Office and NERC who run BADC. If someone were to ask CRU for these data for the sites in and 
around London, they would have to be referred back to BADC, where they would have to seek 
permission to use and extract the data again. 
 
CRU co-ordinated the European Union FP5 STARDEX project which ran from 2002–2005. One of 
the STARDEX partners was responsible for putting together a dataset of daily temperature and 
precipitation time series from 491 European stations. While some of these stations came from the 
publicly-available set at the European Climate Assessment group in the Netherlands and could be 
passed onto third parties, many of the series came from NMSs under agreements which prohibited 
them being passed on to third parties or used in other projects (some of these agreements had to be 
signed by Clare Goodess of CRU as project co-ordinator, while others were signed by the Spanish 
partner). It was, however, possible for derived products based on these station data to be released – 
thus CRU calculated indices of weather extremes from the raw station data and made these freely-
available from the STARDEX website - http://www.cru.uea.ac.uk/projects/stardex/. Subsequently 
(2004–2009), CRU was involved in the production of a European daily gridded dataset as part of 
the European Union FP6 ENSEMBLES project.  In this case, it was necessary to go back to the 
NMSs that had provided the station data for use in STARDEX – seeking new agreements for their 
use in ENSEMBLES – even though the intention was to release only gridded and not the original 
station data. 
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Issue 7. The keeping of accurate records of datasets, algorithms and software used in the 
analysis of climate data. 

 
A key concern expressed by a number of correspondents and commentators has been as to whether 
datasets, and analyses based thereon, were deleted. 
 
This “key concern” identified by the review team is not really reflected in any of the following 
questions, so we address it directly and separately first, before addressing the specific questions.  
 
CRU deals with a wide range of datasets including (i) raw original measurement data; (ii) raw 
measurements obtained from third parties; (iii) higher level observational products (e.g. gridded 
datasets) derived from raw measurement data; (iv) simulated data from climate (or other) model 
integrations undertaken by CRU; (v) simulated climate model data obtained from third parties; (vi) 
higher level model-based products (e.g. climate change scenarios) derived from climate model data 
(and possibly observational data too); and (vii) higher level analyses and results obtained from 
investigations based on all other types of data. 
 
It is unreasonable to expect that every version (including interim versions) of every one of these 
diverse datasets and analyses, the product of almost forty years work, could be retained by CRU.  
We can, however, indicate the situation for a number of key observed datasets – focusing on those 
which are the main concern of this independent review. 
 
First, CRU does not operate any meteorological instruments or weather stations, and has not, 
therefore, generated any new, raw meteorological measurements that need to be archived and 
retained.  Thus CRU could not have destroyed the original or sole versions of any such raw data, 
despite reports to the contrary.  To re-iterate, reports that CRU has destroyed raw meteorological 
measurement data with the alleged aim of preventing other scientists from investigating, auditing or 
replicating our results are patently and simply false.     
 
Second, the only original measurement data that were generated within CRU are tree-ring width 
records.  CRU is not a prolific generator of tree-ring data, obtaining the majority of the data we use 
from third parties (i.e. collaborating scientists and institutes – see Issue 1).  For those tree-ring 
chronologies that have been collected and measured by CRU, the measurement data have not been 
deleted.  Some have been archived at the International Tree-Ring Data Bank (ITRDB) and the rest 
are stored within CRU. 
 
Third, CRU has consistently made our higher-level, derived products available via our website and 
via other websites and archives – we have not deleted them.  Our responses to Q6.6 and Q7.2 
include several examples of web-based dissemination of such products. 
 
Fourth, CRU's typical working practice is to either retain derived products, analyses and results, or 
to retain the means to re-generate them.  This is especially true for results that we publish in the 
peer-reviewed literature.  We have also increasingly made results of analyses available via the web, 
including the provision of supplementary online information that scientific journals have developed 
over the last decade or so. 
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QUESTIONS TO ADDRESS 
 
7.1 Were formal “data dictionaries” kept of the data sets acquired by the CRU at various 

times from other bodies such as the UK Meteorological Office Hadley Centre and its 
equivalents around the World?  

 
A “data dictionary” is defined in the IBM Dictionary of Computing as a "centralized repository of 
information about data such as meaning, relationships to other data, origin, usage, and format." 
 
CRU as a whole does not specify a data dictionary across projects. There is insufficient 
commonality of data between projects to gain value from a common dictionary. Each project 
manager retains responsibility for managing their project's data. This is generally published in the 
scientific literature and on the web (e.g. http://www.cru.uea.ac.uk/cru/data/hrg/ ) 
 
Station data for CRUTEM3 holds metadata as a header line for each station (WMO identification 
number; latitude; longitude; altitude; station name; start year; end year; source code; year of first 
good data). More detailed information on the circumstances of each station and the homogenisation 
corrections applied are documented in a series of published reports (TR017, TR022, TR027). Later 
improvements to the data are documented in the scientific literature (Jones and Moberg, 2003; 
Brohan et al., 2006). While this variety of sources does not provide a convenient single document of 
the processing involved, the chain of documentation is complete. 
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7.2 Were comprehensive records kept of the way these various data sets were used, the 
statistical and other algorithms used in processing them, and the various software 
programmes and modules used to carry out that processing?  
 
Each project is responsible for its own record-keeping. In general, such documentation takes the 
form of peer-reviewed papers in the scientific literature, plus “lab notebooks” in either paper or 
electronic form. While some of the large projects in which CRU is involved require partners to 
contribute to central metadata archives (e.g. EPSRC Building Knowledge for a Changing Climate 
programme, CIRCE EC project), this requirement does not extend to software and algorithms. 
 
As an example, the EC-funded ENSEMBLES project documented its processing associated with the 
development of a daily gridded dataset for Europe in Haylock et al. (2008) and archived the related 
data at http://eca.knmi.nl/download/ensembles/ensembles.php. Further updating of this dataset is 
now in the hands of KNMI (Koninklijk Nederlands Meteorologisch Instituut – the Dutch Met. 
Service). CRU was also responsible for development of the ENSEMBLES regional scenarios portal 
http://www.cru.uea.ac.uk/projects/ensembles/ScenariosPortal/ which reflects the complexity of data 
and deliverables which can be produced by large projects. 
 
Another example, the EC-funded 'STARDEX' project involved several members of CRU, and their 
work was documented in numerous published papers and project documents, a typical example 
being Haylock and Goodess (2004). This paper discusses the approach taken to analyse 
precipitation data from hundreds of European stations. It explains in detail the quality control 
measures employed in assessing the data, and the algorithmic approach used to statistically examine 
the data. STARDEX deliverables, reports and datasets were disseminated via the project web site 
http://www.cru.uea.ac.uk/projects/stardex/ . 
 
Many datasets are provided and updated on the CRU web site. Each has text about how the dataset 
has been produced with reference to a peer-reviewed journal article. 
 
Examples of datasets available from the CRU website: 
Southern Oscillation Index (SOI) http://www.cru.uea.ac.uk/cru/data/soi/ 
North Atlantic Oscillation (NAO) http://www.cru.uea.ac.uk/~timo/datapages/naoi.htm 
Temperature and pressure data for Japan http://www.cru.uea.ac.uk/cru/data/japan/ 
Temperature data for Greenland http://www.cru.uea.ac.uk/cru/data/greenland/ 
Drought indices http://www.cru.uea.ac.uk/cru/data/drought/ 
 
 
7.3 Does a formal library of algorithms and software used by the CRU exist?  
 
There is no formal library. Where algorithm re-use is feasible it is managed through personal 
sharing. Libraries of IDL and Matlab routines are held within the Unit for general use. 
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7.4 What quality control measures were used to test the various algorithms and software 
modules developed by the CRU?  
 
Quality control is managed within each project (e.g. STARDEX testing by partners of diagnostic 
extremes indices software and revision before public release, see 
http://www.cru.uea.ac.uk/projects/stardex/deis/Diagnostic_tool.pdf). There is no CRU-wide, ENV-
wide, or UEA-wide provision of quality control measures. 
 
The form and strength of quality control measures need to be viewed within the context of the 
academic environment in which CRU works.  There are various forms of quality control and 
different standards of documentation, code quality and tracking of multiple versions. 
 
First, most of CRU’s programs are used by the person that wrote them. They are not part of some 
software system being written for third party users. Thus the person using them will know how they 
work, what they are used for, and what their limitations are. There are some examples where the 
programs that CRU developed or used are written for multiple users or for later users, and in some 
such cases we have followed more sophisticated approaches (e.g. the use of version control systems 
or enhanced documentation). However, one could argue that the “HARRY_READ_ME.txt” file 
highlights an example where a later user is struggling to use programs/data developed by earlier 
programmers. Although this point validly indicates potential for improved efficiency it does not 
necessarily reflect on the final quality of the product. 
 
Second, we do not generally assemble our programs into one huge system that puts a whole 
sequence of analyses or processes into a single entity. Thus we inspect the intermediate stage results 
and identify/solve errors that arise. This contrasts with the IT industry where you may have a very 
complex system with no opportunity for users to inspect intermediate stages – it must just work 
end-to-end in all cases you throw at it. If CRU were developing general circulation climate models, 
which are complex systems of this type, then we would need to adopt more sophisticated standards 
– but we are not developing such models. 
 
Third, inspection of intermediate stage results typically involves two steps. First, a check that the 
results are physically realistic with no obvious errors such as negative precipitation totals or spatial 
patterns which are inconsistent with geography (which might happen if latitudes/longitudes have 
been inadvertently swapped, for example). Second, an examination from the perspective of 
underlying physical and, where relevant, synoptic processes - based on the scientific expertise of the 
programmer, literature review and comparison with other results and data sets. In some cases, there 
will be fairly clear expectations of what intermediate results are likely to show. For example, one 
would expect to see the influence of the North Atlantic Oscillation in any principal component 
analysis of winter-time Northern Hemisphere sea level pressure. 
 
Fourth, there is the quality control implicit in being part of an active scientific community. Errors 
that make our results discordant with the body of evidence published on the same or similar 
topics/data would become apparent either during peer-review or subsequently. 
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7.5 What techniques did members of the CRU employ to ensure the integrity of the 
various applications used to process climate data?  
 
All projects employ peer review, and some use independent creation of code with other institutions 
to verify conformance to specification. For CRUTEM3, the algorithm for gridding the station data 
was implemented independently at both CRU (using Fortran) and Met. Office Hadley Centre (using 
Perl) to cross-check the results. Agreement obtained between the results of these two, independently 
implemented software applications increases our confidence in the integrity of both. 
 
CRU, as a small unit funded largely by research projects, cannot employ software engineers. Most 
code is for internal project use. It is rare for code itself to be a project deliverable. Researchers, 
therefore, produce code on the occasions that existing applications (e.g. IDL, Matlab, R) cannot 
meet their needs. This code tends to be very specialised and tailored to particular problems and 
datasets and requires a detailed understanding of the context. 
 
 
7.6 What policies are in place to ensure the formal archiving of data sets and resultant 
analyses for future use and review? 
 
Each project is responsible for its own archiving, which may involve international data repositories 
(e.g. we have contributed datasets to the World Data Center for Paleoclimatology, WDC-Paleo 
http://www.ncdc.noaa.gov/paleo/, and the British Atmospheric Data Centre,  BADC 
http://badc.nerc.ac.uk/, among others), together with other widely used websites (e.g. KNMI 
Climate Explorer http://climexp.knmi.nl/) and CRU's own website. Analysis results are published in 
mainstream scientific literature. Project archives are kept up for many years after the project 
finishes. CRU's website is organized by datasets and by projects. 
 
ISD have not developed a records management standard across the University to cover this area 
though retention policies and standards are often set by the funders.  JISC offers guidance on 
research records management within Higher Education Institutions (HEI) which ISD would refer to 
(see http://www.jiscinfonet.ac.uk/partnerships/records-retention-he/managing-research-records). 
The JISC guidance on retention of research records is very general, basically stating that an HEI 
should apply any funder requirements, and if none exist, apply internal guidelines.  They do address 
factors to consider but come to no definitive conclusion either generally or specifically. 
 
The Desktop Computer Data Storage Policy (see 
http://www.uea.ac.uk/is/itregs/ictpolicies/desktopcomputerdatastoragepolicy), has a brief reference 
to archiving: 
 

2.6  Where data is required to be kept for a prolonged period of time, the user should consider 
long-term archive arrangements.  ISD will review the need for archiving of data as part of the 
second phase of its Storage Project and implement a service providing sufficient funds are 
available. 
 

Data archiving has only recently been introduced by ISD and its use is not widespread; much of the 
current data storage for research is organised locally within Faculties, Schools and Units. 
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Issue 8. Response to Freedom of Information requests.  
 
A number of correspondents and commentators assert that requests under the Freedom of Information 
Act (FOIA) and the Environmental Information Regulations (EIR) were incorrectly denied by the 
University of East Anglia on advice from the CRU. This is the subject of a separate inquiry by the Data 
Protection Commissioner, but does fall within the terms of reference of the Review Team.  
 
QUESTIONS TO ADDRESS  
 
8.1 What formal processes were in place both centrally and within the CRU to ensure fair and 
impartial assessment of FOIA requests?  
 
UEA’s and (as a part of UEA, CRU’s) formal processes are described in 3 documents: 
 

1. “The Code of Practice for Responding to Requests for Information under the Freedom of 
Information Act 2000”, which is based on the Lord Chancellor’s Code and sets out the manner 
in which we process requests. 
http://www.uea.ac.uk/is/strategies/infregs/FOIA+Code+of+Practice+for+Responding+to+Requ
ests 

 
2. “Guidance for Staff”, which directs how staff should respond to requests for information.   

http://www.uea.ac.uk/is/foi/guidance 
 

3. “Requests for Information”, which explains how to make a request for information, and in brief 
details how it will be responded to. http://www.uea.ac.uk/is/foi/foi_request 

 
The process for dealing with a request is, in summary: 
 

1. If an applicant follows the guidance in (3) above the request will go directly to the University’s 
Information Policy and Compliance Manager (IPCM). If the request is received by another 
member of staff and is not information which they routinely provide to the public, mentions the 
FOIA, or is otherwise unusual, it is passed either directly to the IPCM or to the IPCM through 
the Faculty or Divisional FOIA Contact. 

 
2. The IPCM will determine which of the FOIA, EIR or Personal Data regimes is most 

appropriate.  Requests are acknowledged, with information about the processing of the request 
and how to express any concerns regarding its handling. The FOI Contact(s) assist in the 
location and preparation of the requested information, working with those who have access to 
the information (if the information is indeed held at all). 

 
3. There are a number of exemptions or exceptions (for simplicity referred to as exemptions) 

under the FOIA or EIR, which are acceptable circumstances in which information need not or 
should not be released. These include: 

 
- information already accessible to the applicant; 
- information intended for future publication; 
- information likely to prejudice international relations; 
- personal data; 
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- information provided in confidence; 
- information likely to prejudice commercial interests; 
- excessive costs in producing the information. 

 
4. These exemptions may not be straightforward. They can differ depending on whether they are 

under the FOIA or EIR, and can be subject to considerations such as whether the public interest 
in disclosure outweighs that in not disclosing.  Judgments have to be made in these 
circumstances.    

 
5. In some instances, it will be directly clear to the IPCM that an exemption should apply (for 

example, personal data); in others, concerns will be raised by the FOIA Contact or other 
colleagues over the release of information and the IPCM will have to determine if the 
information should in fact be subject to an exemption. The advice of colleagues on issues such 
as potential commercial damage may have to be sought. In circumstances of highly sensitive 
information or where a decision not to exempt is clearly of great concern to those holding the 
data, the IPCM has by custom and practice sought the advice (or direction) of the Director of 
Information Services (DoIS), or in exceptional circumstances the Registrar and Secretary 
(R&S).  

 
6. The IPCM may contact other institutions or individuals where the information requested affects 

them, or the Information Commissioner’s Office (the ICO) where guidance is sought on a 
technical interpretation of the FOIA or the EIR.  At all times, the IPCM maintains, where 
appropriate, communication with the requester providing advice and guidance, perhaps seeking 
to narrow a request to reduce the costs of providing the information to an acceptable level. 

7. Once the consultation has been completed, a response is provided to the applicant.  Each 
response falls into one of four categories: (a) information not held (i.e. the requested 
information is not held at the University), (b) released in full (i.e. we have the information and 
supply it to requester), (c) released in part (i.e. we release some but not all of the information), 
or (d) refused (i.e. we do not provide any of the information requested on the basis of 
exemptions or exceptions within the relevant legislation).  Any grounds for refusal are 
explained, and full guidance is provided to the applicant on the process to be followed if they 
are unsatisfied with the outcome of a request.   

8. The University has a complaints process, as mandated by the Lord Chancellor’s (LC) Code of 
Practice:  

- the first stage is informal resolution by the IPCM; 

- should an informal approach be unsuccessful, the complaint is referred to the second stage 
and a review is conducted by a person who was not party to the original decision, where this 
is practicable, in most instances this will be the DoIS;  

- there is a third possible stage within the UEA Code involving a FOIA Internal Complaints 
Adjudication Board. This has not been utilised to date since  it is bureaucratic in practice 
and could be seen as a delaying tactic on the part of the University (the LC’s Code advises 
against overly bureaucratic and drawn out process); 

- if dissatisfied the applicant then has recourse to the ICO.  
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9. Only 30 of the 470 requests (as of 12 February 2010) received since the implementation of 
FOIA in 2005 have been appealed.  Of those 30, 19 have been within 2009; understandable 
given that we received 204 requests in 2009 and many of them were contentious in nature.  
Only four (4) appeals have gone further to the ICO for adjudication, one in 2007, one in 2008, 
and 2 in 2009. 

 
8.2 Were there any processes in place centrally to review recommendations from the CRU that 
information should not be released?  
 
As described in the previous section, the IPCM has the responsibility to review all requests, to 
determine them, or exceptionally seek the advice or direction of the DoIS or the R&S. In most cases 
reaching a decision requires careful discussion with the appropriate FOIA Contact (in this case the 
Director of Faculty Administration) and those holding the information. Where CRU advised that 
information was not held that advice was, of necessity, taken on face value.  
 
If an exemption is applied, and the applicant is dissatisfied, the case is further reviewed informally by 
the IPCM, or formally by another Officer who has not been closely involved in the decision. 
 
There is one exemption, where disclosure would inhibit the frank provision of advice, the free and 
frank exchange of views or would otherwise prejudice the effective conduct of public affairs, which 
can only be applied by the Vice-Chancellor, having personally considered the circumstances and the 
balance of the public interest. 
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8.3 Over the five years to November 2009:  
 
o how many requests were received?  
o how many were rejected, and on what grounds?  
o how many received full release of information?  
 

All requests  

Year 
Received Rejected 

Released 
in full 

Released 
in part 

Not held Withdrawn 
Awaiting 

clarification  
Open 

20091 179 48 33 37 47 4 9 1 
2008 72 19 29 14 4 1 5 0 
2007 44 13 21 7 1 2 0 0 
2006 56 8 30 10 5 3 0 0 
2005 77 24 30 10 3 10 0 0 

         
         
         

CRU requests 
Year 

Received Rejected Released 
Released 
in part 

Not held Withdrawn 
Awaiting 

clarification  
Open 

20091 92 31 8 2 45 1 4 1 
2008 2 1 1 0 0 0 0 0 
2007 4 2 2 0 0 0 0 0 
2006 0 0 0 0 0 0 0 0 
2005 0 0 0 0 0 0 0 0 

 

Note: 1Figures are 1 January to 30 November 2009 
 
 

______________________________________ 
 
 
 


