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Introduction 
 
 
 
 
 
 

The U.S. Climate Change Science Program (CCSP) was established in 2002 to 
coordinate climate and global change research conducted in the United States. Building 
on and incorporating the U.S. Global Change Research Program of the previous decade, 
the program integrates federal research on climate and global change, as sponsored by 13 
federal agencies and overseen by the Office of Science and Technology Policy, the 
Council on Environmental Quality, the National Economic Council and the Office of 
Management and Budget. A primary objective of the CCSP is to provide the best possible 
scientific information to support public discussion and government and private sector 
decision-making on key climate-related issues. To help meet this objective, the CCSP is 
producing a series of synthesis and assessment products that address its highest priority 
research, observation, and decision-support needs. At this time, the CCSP plans to 
conduct 21 such activities over the next 3 years, covering topics such as the North 
American carbon budget and implications for the global carbon cycle, coastal elevation 
and sensitivity to sea-level rise, and trends in emissions of ozone-depleting substances 
and ozone recovery and implications for ultraviolet radiation exposure. Each of these 
documents will be written by a team of authors selected on the basis of their past record 
of interest and accomplishment in the given topic. 

The National Oceanic and Atmospheric Administration (NOAA) is the lead 
agency for the first CCSP synthesis and assessment product, which focuses on both 
understanding reported differences between independently produced data sets of 
temperature trends for the surface through the lower stratosphere and comparing these 
data sets to model simulations (see Appendix A). In trying to understand these 
differences, the assessment attempts to answer six fundamental questions (see Box 1). 
This synthesis and assessment product builds on and extends the results of a 2000 
National Research Council (NRC) report, Reconciling Observations of Global 
Temperature Change, relevant parts of the Third Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC, 2001), and other advances in our 
understanding of this issue. This assessment is expected to contribute to the IPCC Fourth 
Assessment Report (due to be published in 2007) and to the Global Climate Observing 
System (GCOS) Atmospheric Observation Panel by identifying effective ways to reduce 
observational uncertainty. The assessment is to be written in a style consistent with major 
international scientific assessments. 
 In a recent review of the U.S. CCSP Strategic Plan, the NRC recommended that 
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synthesis and assessment products should be produced with independent oversight and 
review from the wider scientific and stakeholder communities (NRC, 2004). To ensure 
credibility and quality, NOAA has requested an independent review of its synthesis and 
assessment product on temperature trends by the NRC. The NRC committee’s statement 
of task is included in Appendix B. The committee conducted its work by reading the 
CCSP report Temperature Trends in the Lower Atmosphere: Understanding and 
Reconciling Differences (draft dated 2/9/2005) carefully, meeting with the authoring team 
to ask questions, and then compiling this summary of reactions. In addition, a public 
comment period is scheduled to occur after this review has been completed and revisions 
have been made by the authoring team. 
 

 
BOX 1 

Questions to be Addressed in the First CCSP Synthesis and Assessment Product 
 

The first CCSP synthesis and assessment product focuses on both understanding reported 
differences between independently produced data sets of temperature trends for the 
surface through the lower stratosphere and comparing these data sets with model 
simulations. The fundamental questions posed in the assessment are: 
1. Why do temperatures vary vertically (from the surface to the stratosphere) and what 
do we understand about why they might vary and change over time? 
2. What kinds of atmospheric temperature variations can the current observing systems 
measure and what are their strengths and limitations, both spatially and temporally? 
3. What do observations indicate about the changes of temperature in the atmosphere 
and at the surface since the advent of measuring temperatures vertically? 
4. What is our understanding of the contribution made by observational or 
methodological uncertainties to the previously reported vertical differences in 
temperature trends? 
5. How well can the observed vertical temperature changes be reconciled with our 
understanding of the causes of these changes? 
6. What measures can be taken to improve the understanding of observed changes? 
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Major Review Comments 
 
 
 
 
 
 

Understanding temperature trends in the lower atmosphere over recent decades is 
important to our overall understanding of the Earth’s climate and its evolution. Such 
understanding requires both analysis and comparison of changes derived from different 
observing platforms and comparison of observed changes to those simulated by models. 
The vertical profile of temperature changes is particularly important because it provides a 
fingerprint of the mechanisms responsible for past changes. This topic is of substantial 
interest to the climate research community, especially the key issues of data quality, data-
model agreement, and monitoring of future climate change. Thus the Climate Change 
Science Program (CCSP) synthesis and assessment product on this topic stands to be a 
timely and useful document, and the committee commends the CCSP for initiative and 
leadership in this area.  Temperature Trends in the Lower Atmosphere:  Understanding 
and Recognizing Differences is a good first draft that covers an appropriate range of 
issues. It reflects extensive effort and coordination by a team of experienced, 
knowledgeable authors. By nature, this review of the report is critical, but our comments 
are intended as constructive input to strengthen the document. 

This review begins with a summary of the most important, major comments for 
the document as a whole.  Subsequently comments and specific suggestions for each of 
the chapters of the CCSP synthesis and assessment product, called the Temperature 
Trends report for brevity, are presented. 

 
1. The Temperature Trends report should include an improved discussion of the 

motivation for this report, which will increase the report’s effectiveness for a variety of 
audiences. The committee also suggests more explicit clarification of the context and 
intended audience for this report. This background should occur in the preface or in an 
introduction and address the specific scientific issues that motivated the work (which 
surprisingly go unmentioned in the draft), what has been done previously, and what are 
the key outstanding issues. This section should be accessible to general educated readers 
and also scientifically sound.  

2. To help the report communicate effectively to an array of audiences, the 
committee suggests changes to the presentation style within each chapter. The key 
findings for each chapter, should be brought to the front of that chapter possibly in the 
form of bulleted highlights, with a one-sentence summary and brief discussion for each 
key point (similar to the format within Intergovernmental Panel on Climate Change and 
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World Meteorological Orginization Assessments). The key points should be based on the 
detailed discussions within each chapter. The chapters should in some cases include more 
scientific rigor (as detailed in the chapter reviews that follow) and be aimed at the broad 
climate science community. One possible strategy for including scientific rigor in the 
chapters is to use footnotes to describe technical details, as was done in Chapter 5. 

3. More explicit discussion of the statistical characterization of uncertainty in trends 
is needed, with emphasis on several specific topics.  
 

a. The conclusions reached in the report are often based on estimates of trends, 
neglecting uncertainty levels, and many statements on comparisons are inaccurate 
because of this. Uncertainties are relatively large because of small trend signals, large 
natural variability, and data records that are relatively short. Conclusions within the 
report should more accurately reflect the uncertainties inherent in the statistical trend 
calculations. 

b. A more thorough discussion of the detailed statistical trend calculations for 
the various data sets is needed. This discussion might be appropriately placed within 
an appendix.  

c. When comparing trend differences between two estimates of the same 
quantity (e.g., tropospheric temperatures from radiosondes and satellites), it is more 
appropriate to examine the trend of the difference time series, rather than trends for 
each time series individually (because the data contain similar overall variability). 
Specific instances where this is relevant are identified in the chapter reviews that 
follow.  
 
4. The report would benefit from a more critical evaluation of the trend differences 

between the University of Alabama, Huntsville (UAH) and Remote Sensing Systems 
(RSS) satellite microwave data sets. The report presents results from UAH, RSS, and 
University of Maryland (UMD) satellite data and effectively treats the UAH and RSS 
results as equal independent estimates with a lesser discussion of UMD results because 
the latter do not include a diurnal correction and because their newest analysis appeared 
only recently. An expanded discussion and critical assessment of the UAH and RSS 
differences is needed in particular, as well as a discussion of the implication of the 
differences. The committee would like to see a resolution of this difference or, if that is 
not possible within the current report, some discussion of what sorts of analyses would be 
required to resolve the differences between the two groups’ trend estimates. Similar 
scrutiny of the UMD product and its associated uncertainties would be valuable. 

5. Satellite trends derived from combining separate microwave channels (the so-
called Fu et al. technique, as described in Fu and Johanson [2004 and 2005], and Fu et al. 
[2004a and b]) should be discussed in more detail. The Fu et al. results are potentially of 
key importance to the issue of tropospheric temperature trends and should be discussed 
more thoroughly. Currently, there is minimal discussion, and the data are labeled 
“controversial”. A more thoughtful and balanced appraisal is necessary, and more recent 
references should be included.  

6. A more thorough discussion of biases in trends derived from historical radiosonde 
data is needed. The report concludes that stratospheric trends derived from radiosondes 
are biased so badly as to be unbelievable (a result for which there appears to be a 
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community consensus). However, details of the causes of these biases should be clearly 
described and a stronger explicit case made for discounting the stratospheric results. 
More critically, it is important to assess if the stratospheric bias problem extends into the 
middle and upper troposphere, especially in the tropics. The vertical range for which the 
radiosonde data have least the uncertainties for trend analyses should be more carefully 
discussed. Finally, the prospects for removing the biases or more effectively utilizing 
these data should be discussed. 

7. The recommendations in Chapter 6 are too non-specific, unprioritized, and largely 
disconnected from the findings in Chapters 1-5. We suggest that Chapter 6 be 
reorganized into two parts:  
 

a. The first part should take findings from Chapters 1-5 to recommend specific 
opportunities to improve understanding of vertical temperature trends. These 
recommendations should focus on understanding remaining uncertainties in 
existing satellite and radiosonde data sets.  

b. The second part should focus on future measurement opportunities in the 
context of the specific goals of the report for reconciling observation and 
understanding of temperature trends. 

 
8. Changes in the presentation and content of the Executive Summary are needed to 

make key results more accessible to a wide audience and ensure traceability to the results 
in Chapters 1-6. A possible strategy is to bring forward key bullet points from each 
chapter as answers to the six main chapter questions, followed by brief explanatory text, 
key figures, and implications for understanding within each chapter. The Executive 
Summary should reflect an appropriate balance of new results and outstanding 
uncertainties. The first page of the Executive Summary should concisely summarize the 
key results of the report in a short abstract. 

 
One further summary comment is relevant for the CCSP synthesis and assessment 

reports in general. The committee feels that the current report suffered to some degree 
from the author group assessing their own work and excluding other independent work. 
This is evidenced by a lack of critical evaluations on some key data issues and numerous 
citations to their own work. To the extent possible, the authors should not be put in a 
position of assessing work where they have a vested interest in the outcome. While it is 
not reasonable to revise author teams for this report, those preparing future CCSP reports 
should carefully consider this issue. 
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Review of the Executive Summary 
 
 
 
 
 
 
 The Executive Summary is intended to present the key findings from the main 
body of the report, written in a style intelligible to a technically literate lay audience. The 
most obvious take-home messages and quotable text should be presented in a clear and 
concise manner. An effective summary is especially important because many readers of 
the report will carefully read only the Executive Summary, merely browsing the 
individual chapters.  

In the committee’s opinion, the draft Executive Summary does not communicate 
the most important points in an effective manner. It is quite long and inefficient in 
conveying information, with many restatements of various methodological issues that 
result in no conclusions. In fact, it tends to read as if it were a chapter itself, not a crisp 
summary of the key major conclusions, accomplishments, and future challenges in this 
important topic. Changes in the length, presentation, and content of the Executive 
Summary are needed to make key results more accessible to a wide audience and to 
ensure traceability to the results developed in Chapters 1-6. 
 
 

MAJOR COMMENTS 
 

1. A possible strategy to structure the Executive Summary is to bring forward key 
bullet points from each chapter as answers to the six main chapter questions, followed by 
brief explanatory text, key figures, and implications for understanding within each 
chapter. The Executive Summary should reflect an appropriate balance of conclusions 
and outstanding uncertainties. The first page of the Executive Summary should concisely 
summarize the key results of the report in a short abstract. 

2. The first two paragraphs of the Executive Summary say essentially the same 
thing—that models and observations are now more “consistent”. It is not clear what these 
statements really mean. A clear statement about what the observations show, independent 
of model projections, including specifically what is new in this report that has not been 
presented in previous reports cited would provide clarification. A second conclusion 
might address how new observations and new model runs affect our perception of 
whether the models are consistent with observed trends or basic theory. As currently 
written, the observational work and the modeling work seem muddled together.  
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3. It appears that some subjectivity is necessary in making the optimistic-sounding 
statements in the first two paragraphs. Given the very small absolute changes that have 
been observed over the 20 years of the focus period of 1979-1999 (~ 0.2K) and the larger 
natural variability that has occurred over that time (~ 0.5K), it seems that the data can 
neither reject nor confirm the hypothesis that the models are in some sense reliable. The 
Executive Summary focuses almost exclusively on the 1979-1999 period, a rather short 
period for which the trends discussed would not be significant at the 5% level, if the 
significance testing were done in the usual way. The choice to present the results without 
any statistical significance testing or confidence intervals is highly questionable and 
ordinarily not allowed in the scientific literature. 

4. Some additional support for the conclusions in the first two paragraphs might be 
gained if the issue of separating the stratospheric and tropospheric signals in the 
Microwave Sounding Unit (MSU) channels were addressed more directly in the body of 
the report and carried forward to the Executive Summary. In this regard, the Fu et al. 
results appear important but are basically ignored in the explicit arguments used to 
formulate the conclusions. This should be remedied. The Fu et al. work may be central to 
the issue of measuring and interpreting the vertical profile of temperature change and is 
no more difficult or controversial than addressing the spurious radiosonde trends or the 
differences between the Remote Sensing Systems (RSS), University of Alabama, 
Huntsville (UAH), and University of Alabama (UMD) interpretations of the MSU data. 

5. The traceability of the conclusions in the Executive Summary to the detailed 
arguments presented in the chapters is not entirely clear. In some cases the Executive 
Summary does not appear consistent with the corresponding chapters where the 
conclusions should have been developed. A way to clarify the source of the conclusions 
might be to develop major conclusions in the chapters and then move these statements 
forward to the Executive Summary. 

 
 

SPECIFIC COMMENTS 
 

1. The Executive Summary should start with a statement about why the reader 
should care about the subject of the report. 

2. The first two paragraphs appear to be the abstract of the document and contain the 
main takeaway messages. Both paragraphs conclude with statements about the 
comparison of models with observations. In the second paragraph, it is not clear what 
consistent means. The observations seem to give qualitatively different conclusions on 
several key points. Does consistency merely mean that the observations and the model 
results have overlapping uncertainties? 

3. In lines 71-73, the conclusion that the report increases confidence in our 
understanding of recent climate change seems optimistic and inconsistent with the 
supporting evidence. The evidence concerning this conclusion needs to be spelled out 
more clearly in the document and succinctly summarized in the Executive Summary. It 
must be possible and convenient to trace these conclusions back to arguments that can be 
evaluated scientifically. 

4. Figure 1 is not effective. For example, the color scheme should be changed 
because the “multi-colored line” is mostly just one shade of blue.  

Copyright © National Academy of Sciences. All rights reserved.

Review of the U.S. Climate Change Science Program’s Synthesis and Assessment Product��on Temperature Trends in the Lower Atmosphere 
http://www.nap.edu/catalog/11285.html

http://www.nap.edu/catalog/11285.html


8 REVIEW OF THE DRAFT TEMPERATURE TRENDS REPORT 

  

5. Figure 2 is the basis for the major new conclusions summarized in the first two 
paragraphs of the report; however, it is not developed in detail and appears only in the 
Executive Summary and not in the supporting chapters. It seems that additional analysis 
or logic is being applied in the Executive Summary that is not present in the supporting 
chapters, suggesting a lack of traceability between the major conclusions of the Executive 
Summary and the supporting chapters. A number of critical decisions were made about 
which data sets to include and exclude and whether or not to show sampling uncertainty. 
These decisions are not adequately discussed in the report. Figure 2 deals only with the 
20-year period from 1979-1999. This is a rather short period so the sampling errors are 
large relative to the absolute changes. However, Figure 2 has merit in that it does include 
error bars that are generally missing from the report’s figures. 

6. Figures 2-5, and 7: All the arguments are formulated in terms of the satellite 
weighting functions. A rather strange nomenclature is developed based on the MSU 
weighting functions shown in Figure 3, Low-Trop, Trop-UW, Mid-Trop and Low-Strat. 
The labeling is misleading because Mid-Trop has a significant contribution from the 
stratosphere, and Low-Strat has a considerable contribution from the troposphere. It is 
potentially misleading to call these estimates tropospheric and stratospheric as they are a 
blend of tropospheric and stratospheric trends. It might be more accurate to use the 
satellite nomenclature T2LT, TFU, T2 and T4. Projecting the radiosonde data onto these 
weighting functions forces one to combine potentially good lower tropospheric 
radiosonde data with potentially bad radiosonde data above 200 mb. 

7. An important statement in the report is “the climate models simulate greater 
warming in the troposphere than at the surface which is not apparent in the observations” 
(lines 67-68). Whether this statement is true depends on whether the results by Fu et al. 
are correct. As discussed elsewhere, the Fu et al. results should be discussed in the report 
chapters and then distilled in the Executive Summary. 
 

a. The Fu et al. retrieval is mentioned briefly in Chapters 3, 4, and 5, but it is not 
included in the broader discussion. Given that the Fu et al. results appear in the peer 
reviewed literature, it is inadequate to dismiss them as “controversial”.  

b. It is only fair to include the published Fu et al. 850-300 mb temperature trend 
estimate in the figures presented in Chapter 5 and in the Executive Summary (and to 
modify the text accordingly). The authors may state their reservations about the Fu et 
al. method, provided that they distinguish clearly between what is published and what 
is (as yet) unpublished, and that they incorporate Fu et al.’s published reply to the one 
published paper (thus far) that is critical of their method (Tett and Thorne, 2004). 

c. Failure to account for the stratospheric contribution in the comparisons 
between data and models may compromise the report’s conclusions. This should be 
addressed in Chapter 5 and also summarized in the Executive Summary. 

 
8. In Figure 4, why were the negative weights for TLow-Trop truncated off the plot 

at the left edge?   
9. Figure 5 should include error bars. 
10.  lines 123-153 The section on suggests “Motivation for this Report” that the main 

purpose of the report is to address the single issue of surface versus tropospheric 
temperature trends over the past 20 years, yet the six questions that were to be addressed 
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and the main body of the report seem to be a somewhat more general approach to the 
question of temperature trends. Is the Temperature trends report intended to be a 
summary and extension of the 2000 NRC report or a more general statement of 
knowledge about temperature trends? 

11.  In lines 163-169, it would be helpful to specify exactly which are the new data 
sets that have lead to new interpretations. This information is not clearly stated anywhere 
in the Executive Summary.  What specifically happened since NRC (2000) and IPCC 
(2001) and how has this changed perceptions? The two paragraphs on this page should be 
replaced with simple, direct statements of fact, if possible. 

12.  In lines 353-359, it seems misleading to use the phrase: “at any one level”. The 
comparison has not been made for levels, but for very deep layers as specified by the 
MSU channels.  

13.  In Section 3.2, “Radiosonde data” no specific information is given about 
uncertainties in the two radiosonde datasets. 

14.  Does the statement on lines 426-427 include an assessment of the sampling 
uncertainty and a statistical confidence level? 

15.  In lines 557-579, rather, discuss succinctly and in common language the meaning 
of Figures 8 and 9. The discussion of fingerprinting is not really necessary. Technique 
description, jargonizing, and philosophizing should be eliminated in favor of 
straightforward, accurate, descriptions of the significant results or conclusions.  

16.  In line 586 the statement that not including the indirect effect of aerosols is the 
most important deficiency of the global model simulations should be better justified. In 
particular, other uncertainties, such as those associated with cloud or water feedbacks, 
could be of similar magnitude.  

17.  Because Figure 6 is repeated in the top half of Figure 8, perhaps Figure 6 can be 
removed. 

18.  In lines 620-626 the statistical significance is very important, so it would be 
helpful to highlight the statistical significant areas in Figures 8 and 9, if they are known. 
If they are not known, then that is important too. Throughout the Executive Summary, the 
reader is invited to take the values presented literally, even though they may have very 
large statistical uncertainty in addition to residual structural uncertainty.  

19. In Figure 9, it is somewhat of a misnomer to call this “Mid-Tropospheric 
Temperature”. It contains a significant contribution from stratospheric trends that 
increases in magnitude with latitude. Much of the apparent agreement in this figure is 
simply the result of negative trends in the stratosphere and the increasing fraction of the 
stratosphere that the weighting function samples as one moves toward the poles. 

20. In lines 620-626, are the only trends that are statistically significant the ones 
above 100 mb, and are they believed to be spurious trends associated with the radiosonde 
instrument? If so, how are the conclusions about different trends in the surface and 
troposphere supported? It seems reasonable to suppose that the spurious negative trend in 
the radiosonde data extends below 100 mb, albeit with decreased magnitude. 

21. In lines 639-640, given the uncertainties in both the direct aerosol forcing and the 
indirect aerosol effects, the report should provide better justification for the conclusion 
that the aerosol effects have almost certainly been underestimated.  

22. Are the statements in lines 646-652 true for the radiosonde era, or just for the 
satellite era? 
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23. Section 6 “Improving our understanding” starts with rather general philosophical 
statements, whose connection to the recommendations that follow is unclear. The 
recommendations are broad and unspecific, despite the fact that the report raises some 
very specific problems. Some of the recommendations are not argued clearly elsewhere 
in the report, in particular Chapter 6. For example, it is not clear that Chapter 6 calls for 
“efforts to better understand and reconcile differences between climate data records that 
purport to measure the same variable,” the second of the specific recommendations listed 
on page 32 of the Temperature Trends report.  More specific recommendations that could 
immediately be acted upon could be to initiate an action to determine whether the RSS-
UAH MSU discrepancy can be resolved or to better characterize the instrumental 
contribution to the radiosonde trends. In addition, more recognition that planning 
activities have gone on internationally to design an effective global climate monitoring 
system should be given. 

24. It would be useful to have a summary table showing all datasets and models used 
in this report to avoid long figure captions. 
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Review of Chapter 1 
 
 
 
 
 
 

Chapter 1 asks the following: Why do temperatures vary vertically (from the 
surface to the stratosphere) and what do we understand about why they might vary and 
change over time? The chapter begins with a limited description of the vertical 
temperature structure of the atmosphere and devotes most of its space to a consideration 
of forcing mechanisms that affect the local temperature structure. This chapter provides 
an excellent opportunity to explain the implications of differences in temperature trends 
between the troposphere and the surface. Such an explanation will be extremely 
important because, as the first of the Climate Change Science Program (CCSP) synthesis 
and assessment products, this report will be closely scrutinized with respect to scientific 
methodology, accuracy, and awareness of current understanding and theory.  

The present text is inadequate on several counts, as listed in detail below. Of 
particular importance, the primary implications of differences or lack thereof in 
atmospheric and surface trends are never identified. In addition, the chapter pays 
insufficient attention to the effect of dynamics on temperature structure. The role of 
dynamics in smoothing temperature both horizontally (over the Rossby radius) and 
vertically (over the convective depth) is largely ignored. Finally, the chapter would be 
strengthened if it had further discussion of theory, which would complement the 
chapter’s current emphasis on bringing models and observations into agreement. It should 
be recognized that we are discussing temperature changes of tenths of a degree—a 
challenge not only for instruments, but also for theory and modeling. Dealing with this 
challenge calls for a more sophisticated conceptual framework.  

 
 

MAJOR COMMENTS 
 

1. The explanation of the greenhouse effect should more clearly describe its effect 
on the atmospheric temperature structure. In particular, the chapter should explain how 
the addition of infrared absorbing gases causes the characteristic emission level to be at a 
higher altitude, where temperatures are colder and where the reestablishment of radiative 
balance with space calls for warming at this level and communication of this warming to 
the surface (Goody and Yung, 1989; Lindzen and Emanuel, 2002). Thus, for example, the 
absence of any warming within the troposphere might suggest that the greenhouse effect 
is not responsible for the surface warming. A related topic concerns the question of 
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whether temperature changes originating at the surface necessarily lead to temperature 
changes within the troposphere. 

2. Similarly, a discussion of the relation between cumulus convection and the moist 
adiabat provides an opportunity to use such differential trends to understand the coupling 
between the surface and the lifting condensation level. Indeed, in the tropics, the 
temperature structure consists of a surface mixed layer (up to about 500 m) and a trade 
wind boundary layer (up to about 2 km) above which is the free troposphere. Each of the 
boundary layers is topped by an inversion which tends to isolate the layer from the region 
above (Sarachik, 1985). Outside the tropics, the surface communicates with upper levels 
primarily by quasi-horizontal motions along isentropic surfaces (e.g., Hoskins, 2003). 
Consequently, the report and the scientific community should move beyond the naïve 
notion that the lapse rate is a rigid constraint operating from the surface to the tropopause. 
Instead the observations this report is concerned with should be exploited in order to 
answer important questions about climate. This objective provides meaningful motivation 
for ascertaining the accuracy of the temperature measurements and the resulting time 
series. That said, it should be emphasized that the temperature changes being considered 
are changes on the order of tenths of a degree (although local changes may be much 
greater), and current theories may prove inadequate for such small changes.  

3. In general, spatial and temporal sampling is not adequately dealt with in the 
Temperature Trends CCSP report. Given the fact that horizontal temperature variability 
at the surface tends to get smoothed as one rises to the free troposphere, there may be 
serious issues of sampling. Horizontal smoothing over large scales occurs above the 
boundary layer, but that at the surface and within the boundary layer, there can be much 
more horizontal variation of temperature. Thus, much more data may be required at the 
surface to get characteristic temperatures.  

4. For Chapter 1, explanations of the processes involved in determining vertical 
profiles of temperature should represent the current state of understanding or lack thereof. 
The chapter should focus less on details of the vertical profile of temperature that are not 
resolved by the observations that are the focus of the report. For example, the satellite 
data are only reported in coarse vertical layers.  

5. For discussions that are felt to be too detailed for the body of the text, footnotes 
are a reasonable device.  
 
 

SPECIFIC COMMENTS 
 

1. The chapter should include more discussion of theories that provide physical 
constraints on the apparent differences between surface and tropospheric records.  

2. The discussion on lines 69-80 should be replaced with a more accurate figure as 
well as a description of the differences between the tropics, the extratropics, and the polar 
regions. In the tropics, the temperature is hardly linear with height, given that the lapse 
rate associated with the moist adiabat goes from about 5 K/km near the surface to almost 
9.8 K/km at the tropopause near 16 km. It should also be noted that the tropopause 
descends sharply to 12 km near 30 degrees latitude and to around 8 km near the poles. 
The existence of the near surface inversion layer at high latitudes should also be noted as 
well as its dependence on meteorological conditions. 
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3. Relatedly, lines 100-131 should be replaced by a more complete discussion 
wherein it is noted that a radiative-convective balance is only likely to be of dominant 
relevance in the tropics, while in the extratropics, the lapse rate and the tropopause height 
are mostly determined by the same baroclinic instability that gives rise to weather 
systems (Schneider, 2004). Planetary-scale forced waves in winter and other circulation 
features, such as the Hadley and Walker cells, should be mentioned. 

4. The authors should provide further discussion of the role played by dynamics. 
The discussion of dynamics in lines 128-131 should introduce the concept of Rossby 
radius. This vital concept shows that dynamics tend to homogenize temperatures (above 
the boundary layer) over horizontal scales that vary from the planetary scale near the 
equator to a couple of thousand kilometers at midlatitudes and to a few hundred 
kilometers near the poles. 

5. The discussion in lines 133-137 should be strengthened, in particular so that it 
distinguishes between specific and relative humidity. 

6. Remove “especially critical” from line 141. 
7. In lines 150-156, the question of internal variability needs to be improved and 

clarified. For one thing, there can be internal variability without external forcing, and 
even without air-sea interaction. Further, there are limitations associated with using 
numerical models to examine the importance of internal variability because such models 
poorly characterize such things as El Niño/Southern Oscillation (ENSO), the 1976 regime 
shift, and the quasi-biennial oscillation (QBO) at the levels of tenths of a degree. It 
should be emphasized that most rules of thumb used for atmospheric structure may not be 
appropriate at the level of the small temperature changes being considered in this report.  

8. It would be worth stressing that the temperature changes that are being discussed 
are only a few tenths of a degree. Much of our thinking is based on more substantial 
changes. There is an extensive literature arguing for and against the relevance of the 
moist adiabat in the tropics (e.g., Xu and Emanuel, 1989). However, even those arguing 
for its relevance would not argue that it should hold to better than a few tenths of a 
degree. Similarly, it might be argued that the role of motions should cancel when 
averaged over the earth. But the above is not strictly true. The existence of radiation leads 
to irreversibility, and when the strong changes in water vapor with latitude are taken into 
account, changes in circulation can lead to changes in global mean temperature that might 
be on the order of a few tenths of a degree. 

9. In lines 194-202 and in lines 283-291, the report should be more cautious in 
arguing that local changes in radiative constituents can lead to local changes in 
temperature profile in light of such processes as the mean circulation in the tropics, which 
homogenizes temperature, and quasi-geostrophic dynamics in the extratropics.  

10. In line 206, while the radiative impact of clouds is undoubtedly very important, 
further explanation is needed if one is to attribute to them a role as a “regulator”. 

11. In lines 222-224, it should mentioned that greenhouse gas forcing in the tropics is 
not uniform owing to the current distribution of clouds and water vapor. Thus, 
greenhouse gas forcing from anthropogenic sources is greatest in dry regions. 

12. The claim of local radiative influence in lines 233-234 should either be explained 
or omitted. 
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13. In lines 251-252, caution should be suggested in adding unknown forcings 
because these can easily become nothing more than adjustable parameters. Of course, 
care should also be taken to include all forcings that are quantitatively known. 

14. In lines 254-255, it should be noted that while the air-sea interaction can play a 
role in internal variability, such variability can also occur in the atmosphere alone. 

15. In lines 258-261, while water vapor and clouds are indeed critical to the high 
climate sensitivity of many models, the references cited (Stocker et al., 2001; NRC, 
2003) carefully note that water vapor and especially clouds are areas of major uncertainty 
in models, and even in nature. 

16. The discussion of volcanic influence on lines 309-312 should be reworked to 
include additional work that has been done on this subject. For example, there is more on 
the effects of volcanoes on European temperatures in Jones et al. (2003) and in Robock 
and Oppenheimer (2003). The most affected region is Northern Europe—not North 
America and certainly not Siberia. The two studies cited in lines 309-312 are also 
basically model studies, and evidence from observations is less convincing.  

17. The claim on lines 331-336 should note the substantial uncertainty of such factors 
as solar variability (Frohlich and Lean, 2004), historical volcanic forcing (Bradley, 1988), 
and aerosols (Charlson et al., 1992; Anderson et al., 2003).  

18. The report appropriately notes that the radiosondes show an abrupt increase in 
temperature in the troposphere around 1976 and the fact that this is missed in the satellite 
data which starts in 1979. It has been argued that the surface warming is simply the 
response to this jump with a delay due the heat capacity of the ocean (Lindzen and 
Giannitsis, 2002). This is distinctly relevant to the present report. 
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Review of Chapter 2 
 
 
 
 
 
 
 Chapter 2 asks the following two questions: (1) what kinds of atmospheric 
temperature variations can the current observing systems measure, and (2) what are their 
strengths and limitations, both spatially and temporally? The chapter concludes that most 
observing systems are generally able to quantify well the magnitudes of temperature 
change associated with shorter time scales, such as diurnal and seasonal cycles, quasi-
biennial oscillation (QBO), El Niño Southern Oscillation (ENSO), and volcanic 
eruptions. However, for longer time scale changes, where the magnitudes of change are 
smaller and the stability requirements more rigorous, the observing systems face 
significant challenges to document climate variations and trends with the accuracy and 
representativeness that allows attribution of change to human causes to be reliably 
identified. Therefore, many sources of errors in climate temperature data records must be 
identified and eliminated or significantly reduced. 

This chapter did a reasonably good job summarizing the main observing systems 
for measuring surface and upper air temperatures and showing what kinds of atmospheric 
temperature variations these observing systems can measure using Table 2.2. The 
strengths and limitations of these observing systems (the second question), however, are 
not presented as well, mainly because of a lack of quantitative information and some 
redundancy between Chapters 2 and 4. The chapter contains a fairly lengthy discussion of 
statistical issues associated with measuring trends in time series, but it omits some key 
issues such as autocorrelation. This discussion also seems out of place in Chapter 2 since 
the main treatment of “uncertainty” is in Chapter 4. The statistical discussion should be 
strengthened and possibly moved elsewhere in the document. One possibility is a self-
contained appendix devoted to trends in time series. 

  
 

MAJOR COMMENTS 
 

1. In Chapter 4, the following is asked: what is our understanding of the contribution 
made by observational or methodological uncertainties to the previously reported vertical 
differences in temperature trends?  The nature of the discussion in Chapters 2 and 4 needs 
to be focused to reduce redundancy and avoid omissions in both Chapters 2 and 4. 
Chapter 2 appears to be focused on answering Chapter 4’s question, rather than Chapter 
2’s questions. In general, some of the topical divisions between Chapters 2 and 4 are 
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artificial, so some redundancy in material presented is inevitable. However, the 
committee suggests that Chapter 2 focus on the various observing systems and Chapter 4 
focus on trends in the observations, as differentiated in the following: 

 
Chapter 2 should focus on: 

a. explaining the measuring systems and instrumentation, their accuracy and    
precision, and spatial temporal variability for global measurements of 
temperature; 

b. addressing measurement issues both for surface temperature measurements 
and atmospheric temperature measurements; 

c. addressing spatial and temporal sampling errors; and 
d. discussing any particular geographic regions where measurement and retrieval 

errors are particularly large. 
 

Chapter 4 should focus on: 
a. errors associated with trends; and 
b. assessing which of the bias errors in Chapter 2 could influence the trends, and 

why they do or do not do so. 
 

The discussion related to trend estimation and uncertainties in Chapter 2 should 
be moved to Chapter 4. Text on reanalysis trends from lines 266-277 should be moved to 
Section 7 (“Reanalysis”) in Chapter 4. Also, Chapter 4 should add a section on 
“Methodological uncertainties” by including from Chapter 2 most of the text about linear 
trends in Section 2b (lines 385-460), discussions on structural uncertainty from lines 480-
521, and the summary on “Errors or differences related to analysis or interpretation” from 
lines 584-601. 

Alternatively, all material on trend estimation and uncertainties may be brought 
together in an appendix to the Temperature Trends report. In addition to the above 
material, discussion of statistical uncertainty in Chapter 3 (pages 39-40) could be 
included in the appendix. 

 
2. Quantitative information is needed about the strengths and limitations of the 

observing systems. Specifically, quantitative discussion of the following sources of 
uncertainties should be included: accuracy and precision of the sensor, uncertainties in 
converting the fundamental measurement into temperature, and spatial and temporal 
sampling errors. There should be a summary of studies (with references) in which the 
different measurement types (e.g., radiosondes, active sensors, different satellite 
retrievals) have been intercompared and evaluated on a pixel level. 

3. Increased discussion is needed on surface temperature measurements and trends, 
to parallel the detailed discussion provided on atmospheric temperatures. From reading 
this document, the impression is given that global surface temperature measurement is a 
solved problem, but this is not the case. Description of skin and bulk sea surface 
temperature (SST) in Chapter 4.5.1 should be moved to Chapter 2 and should reference 
the recent work of Chelton (2005). Errors associated with sea surface temperature 
measurement are not adequately covered in either Chapters 2 or 4. Discussion of 
microwave SST and blended infrared/microwave products should be included. Note, the 
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bulk SST is probably the suitable variable for trend estimation, but the skin SST values 
are needed to understand the variations in both bulk SST and atmospheric temperatures. 
Issues related to land-surface temperature measurement (skin versus screen) are not 
adequately addressed (see Jin and Dickinson, 2002).  

4. Because we need to understand the processes contributing to the trends as well as 
measure the trends themselves, geographical regions having particularly large uncertainty 
should be addressed. For example, regional problems in surface temperature 
measurement should be discussed, including the Arctic Ocean and Southern Ocean, warm 
current regions, and the Indian Ocean. 

5. Four and a half pages (pages 9-13) are devoted to “Reanalysis”. Uncertainties in 
reanalysis trends are nicely summarized, and it is shown how the data are used by 
National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric 
Research (NCAR) reanalysis and European Center for Medium-Range Weather Forecasts 
(ECMWF) Reanalysis (ERA-40). The conclusion is that there are considerable 
uncertainties in reanalysis trends, so reanalysis results are downplayed and not used in 
drawing conclusions in this report. The committee agrees with the authors’ decision to 
deemphasize reanalysis data in the trend analyses in their report. However, this long 
discussion of reanalysis should be moved from Chapter 2 to page 19 in Chapter 3, where 
reanalysis temperature “data” are presented. Chapter 2 focuses on observing systems 
instead of particular datasets, and reanalysis products are not in fact “datasets”. In 
addition, the four and a half pages of reanalysis discussions seem overly long in 
comparison to the approximately two pages for surface air temperatures and 
approximately four pages for upper air temperatures.  

6. Scientific justifications for future observing systems are listed in Chapter 6, such 
as why we need reference radiosondes, but this is not mentioned in Chapter 2. For 
example, after “no absolute standards” in line 512, one sentence can be inserted to state 
that reference instruments are needed for future networks, such as the global reference 
radiosonde network proposed by the Global Climate Observing System (GCOS).  

7. The report states that two main methods are widely used for calculating trends: 
linear regression and a “nonparametric” method attributed to Gilbert (1987). In the 
statistics literature, a technique is said to be “robust” if it is insensitive to violations of the 
underlying assumptions (the presence of outliers is one example of how underlying 
assumptions could be violated). In this sense, linear (least squares) regression is not 
robust, though it is not clear that this is an issue in any of the climatic time series under 
discussion. Gilbert’s method does not seem to be widely used, but there are other 
methods (e.g., methods based on minimizing the sum of absolute deviations instead of 
squared deviations as in least squares) that have a large literature and should be 
referenced. These include the use of R functions to perform robust regression (Venables 
and Ripley, 2002), semi-parametric regression methods (Ruppert et al., 2003) and 
additive models (e.g., Hastie and Tibshirani, 1990). The distinction between least-squares 
and robust methods is not likely the main source of uncertainty in analyzing climatic time 
series. Non-linear trends are discussed on pages 18-19 of Chapter 2, though without 
making a clear-cut recommendation. It is self-evident that the trend is non-linear over any 
respectably long time interval, but nevertheless, fitting a linear trend could be the best 
thing to do if one is simply interested in coming up with one number to represent a trend 
over a stated time period. In the view of the committee, it is not unreasonable to use 
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linear trends in this kind of analysis, with two caveats: (i) it is important to remember that 
linear trends for different time periods will be different, and (ii) such linear trends should 
not be used for predicting future values. A further important issue is that when comparing 
observations and coupled model results, ENSO can appear in different sequences and 
magnitudes, making sampling a major issue. While linear removal of ENSO can 
ameliorate this problem, it is in fact impossible to remove all ENSO aspects even with 
multiple indices. As for ENSO (and similar) effects, the report discusses these on pages 
18-19 of Chapter 2 but does not mention the most direct solution, that is, including ENSO 
(or other “natural variability” components) as additional covariates in the regression. 
There are arguments both for and against doing this, but comparing both analyses could 
be a useful reality check on the results. 

8. The report barely mentions the issues of autocorrelation, i.e., the fact that 
correlations in time series could severely affect the estimation of a trend, especially in the 
calculation of standard error. Chapter 2 discusses error bars extensively without 
mentioning this issue. Chapter 3 mentions it tangentially, with discussion of error bars on 
lines 876-886 and a passing reference to the first-order autocorrelation in the captions of 
Tables 6.1 and 6.2, but with no details about the method. Given the importance of correct 
treatment of autocorrelation in the assessment of linear trends, this seems to be a major 
omission. The report should acknowledge that autocorrelation is a problem, as it is 
generally done incorrectly, and recommend how to properly account for its influence. 
The standard errors of estimated trends, allowing correctly for autocorrelation and other 
effects, are likely comparable to the “uncertainties” due to instrument shifts and effects of 
that nature quoted at numerous places in the report. This could lead to a quite different 
perspective on the relative importance of “structural” as opposed to simple statistical 
errors. 

In fact, the method of Santer et al. (2000) seems to rely on the assumption that 
after subtracting trends, the time series is of AR1 form, which can indeed be 
characterized by the first-order autocorrelation. However, the AR1 assumption may not 
be correct and is certainly unnecessary as it is possible to fit a general ARMA 
(autoregressive, moving average) model with scarcely any more work. The “arima” 
function in the freely available R statistical package allows for fitting a linear regression 
component with ARMA errors, where the autoregressive and moving average 
components are of arbitrary order. The method is exact maximum likelihood, and 
standard errors are calculated for both the regression coefficients and the ARMA 
parameters. It should be noted that earlier versions of this method have been in use in the 
climatology literature for some time (Karl et al. 1996, 1998). Earlier discussions of time 
series approaches (e.g., including those based on fractional ARIMA models) have been 
given by Bloomfield (1992) and Bloomfield and Nychka (1992). 

Another issue is whether to include an ENSO signal directly as a covariate in the 
analysis. In an analysis of annual hemispheric temperature averages, Smith et al. (2003) 
argued that inclusion of the Southern Oscillation Index as a covariate, though not having 
a great effect on the estimated trend, allows for specification of a lower-order AR model 
(AR1 rather than AR4) and in this sense simplifies the analysis. It would be of interest to 
see whether the same applies with the time series under discussion in this report. 

Another method mentioned in Chapter 6 of the report is the adaption of methods 
from longitudinal data analysis (e.g. medical data in which individual subjects are 
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followed for some period of time) a book by Diggle et al. (1996) is mentioned in this 
respect. While it is conceivable that these methods could be adapted to the estimation of 
trends in climatological time series, it also seems unnecessary, given that the 
AR/ARMA/ARIMA approach is quite well established. Therefore, discussion of this 
method should be omitted.  

9. Direct discussions with the authors of the report made it clear that they had given 
more consideration to statistical assessment of trends in time series than is apparent in the 
written report, but neveretheless, it was the strong view of the committee that the issues 
should be dealt with explicitly in the report. Based on the overall structure of the 
document, such discussion would logically belong with the “uncertainty” discussion in 
Chapter 4 rather than Chapter 2 but the authors might alternatively consider writing a 
separate appendix on the statistical issues associated with estimating trends in climatic 
time series.  

10. There are insufficient bibliographic references to the technical aspects of 
temperature measurements and error determination and far too many references 
associated with climate variability and trends (these are more suitable to other chapters). 
Recent references (since NRC, 2000) should especially be included. 

11. Cross evaluation and intercomparison of different technologies (including 
surface-based remote sensing) to measure temperature should be described. 

 
 

SPECIFIC COMMENTS 
 

1. Observations not used in this report should be mentioned, such as why Television 
Infrared Observation Satellite Program (TIROS) Operational Vertical Sounder/Infrared 
(TOVS/IR) was never used for trend analysis. This probably should be mentioned after 
line 193. A discussion of TOVS temperature profiles is needed. Note, the tuned 
regression type analysis used by the National Oceanic and Atmospheric Administration 
(NOAA) is not the only temperature available from TOVS. The Pathfinder effort and 
French 3I effort represent research-quality retrievals. John Bates at NOAA is in the 
process of doing a careful calibration of TOVS so that trends can be determined. 

2. Table 2.2 is used to answer the first question of this chapter but provides 
insufficient emphasis on the long-term temperature changes due to anthropogenic effects 
(i.e., temperature trends), which is the sole focus of this report. It would be useful to add 
one column to list the “Outstanding issues” regarding specific variation, which includes 
inconsistencies among different datasets (or observing systems) and what future data are 
needed for better characterizing and understanding this variation. The column “Effect on 
trend estimates” needs more quantitative information if available, such as how much the 
temperature trends change before and after removing ENSO signals in the time series.  

3. It appears that Table 2.1 and the text on pages 22-24 were used to try to answer 
the second question for this chapter. The information given here is too general and too 
qualitative. More quantitative information and some references should be given on pages 
22-24. For example, the authors can summarize how insufficient spatial sampling of the 
radiosonde network affects the temperature trend from Agudelo and Curry (2004) and 
others. The authors can give more information about radiosonde errors in the upper 
troposphere and lower stratosphere—such as radiation errors, their magnitudes and 
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characteristics—errors in existing radiation corrections and how they affect the trends. 
Table 2.1 should include specific instruments and pixel size for satellite measurements. 
Humidity and wind measurements should be excluded from the table, although the 
authors may want to discuss how these measurements can be useful proxy diagnostics if 
measured carefully with climate-quality monitoring. 

4. In lines 88-89, near-surface air temperatures over land are measured about 1.5-2 
m above the ground level at official weather stations, rather than 1.5 m.   

5. A reference is needed for this statement. 
6. The caption for Figure 2.2 should state that the pressure levels at the y-axis are 

radiosonde “mandatory reporting levels”. 
7. In lines 217-226, the reference for Global Positioning System-Radio Occultation 

(GPS-RO) is Kursinski et al. (1997). The comparison between GPS-RO and radiosonde 
data has shown that the GPS-RO soundings are of sufficiently high accuracy to 
differentiate performance among the various radiosonde types (Kuo et al., 2005). Also, 
the report should discuss the findings of Schroder et al (2003) on MSU versus GPS. In 
particular, Schroder et al. (2003) found that UAH T4 retrievals in the Arctic lower 
stratosphere in winter were biased relative to temperatures derived from GPS Radio 
Occultation measurements. 

8. The statement “the method of calibrating a radiosonde before launch may 
introduce time-varying biases” in lines 543-544 needs clarification.  

9. The references at the end of this review include several additional papers that 
should be considered for inclusion in Chapter 2 of the Temperature Trends report. 
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Review of Chapter 3 
 
 
 
 
 
 

Chapter 3 asks the following: what do observations indicate about the changes of 
temperature in the atmosphere and at the surface since the advent of measuring 
temperatures vertically? This chapter describes observed temperature trends for three 
classes of data sets: surface observations (mainly in situ but including some satellite 
data), radiosonde measurements, and microwave sounding unit (MSU) observations for 
various levels in the atmosphere. Linear trends were computed for two periods: 1958-
2004 for the surface and radiosonde data and 1979-2002 for all three data sets. The 
analysis includes three compilations of surface data, two compilations of radiosonde data, 
and three analyses of MSU data. A fourth data set, reanalyses products, are discussed but 
downplayed.  

In general, the discussion is comprehensive and in most cases reflects an accurate 
interpretation of the results. The discussion of the three global surface temperature trend 
analyses is readable and yet discusses some of the important details. The general 
conclusion of a consistent warming signal at the surface seems well justified. Consistency 
between the two analyses of radiosonde data, for 1958-2004, is encouraging. The 
question to be addressed by the chapter is answered. However, the chapter needs to 
clarify a few points. 

 
 

MAJOR COMMENTS 
 

1. A major issue is the drop in temperature associated with the introduction of the 
Vaisala sonde. It is stated that this affects the stratosphere, but it is unclear how deeply 
this systematic bias might extend into the troposphere. This is an important research 
problem that should be addressed. 

2. Mentioning the similarity of the basic data in the surface dataset while 
highlighting many of the potential problems (almost all of which have been adequately 
handled) sows doubts in the minds of readers. This gets picked up and emphasized in 
Chapter 6. The report should provide more explanation of how various problems in the 
data have been addressed and how this leads to some level of confidence in examining 
trends. For example, it can be easily shown by sub-sampling the surface data that the 
resulting hemispheric and global trends from the sub-samples would be almost exactly 
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the same. References should be made to the frozen grid analyses work done in the 
Climate Research Unit (CRU) in the mid-1980s to the mid-1990s. 

3. In general, the chapter would benefit from a more careful dissection of the global 
mean and a recognition that radiosondes are not near global. It does not address global 
mapping or the need for evaluations at co-located sites of sondes (see Hurrell et al., 2000; 
Agudelo and Curry, 2004; and Free and Seidel, 2005). There are no latitude-time series 
presented. This chapter does identify differences over high latitude land as being the main 
reason for surface being larger than troposphere trends in the extratropics (page 30), but 
this is not carried forward to the Executive Summary or Chapter 5. Weakening or 
removal of inversions over cold land or ice is a very good reason why the surface should 
warm more and a good example of why the global mean should be dissected.  

4. The chapter also places too much emphasis on linear trends. Only linear trends as 
a function of latitude are presented, however this presentation can hide many things. The 
claimed agreement between radiosondes is not shown except for the linear trends (e.g., 
Table 3.6.1) (see Free and Seidel, 2005). There is nothing on root mean square 
differences, which are very revealing (Hurrell et al., 2000), or on monthly differences 
(smoothing the time series can be misleading). 

5. In a number of places, the assertion is made that the troposphere has warmed 
more than the surface. However, the differences in trends are often quite small, 
particularly for the 1958-2004 period. It is not clear that these differences are statistically 
significant. Although statistical significance is assessed for the trends themselves, no 
analysis of the significance of trend differences is presented. When comparing trend 
differences between two estimates of the same quantity (e.g., tropospheric temperatures 
from radiosondes and satellites), it is more appropriate to examine the trend of the 
difference time series, rather than trends for each time series individually (because the 
data contain similar overall variability). This is an omission that should be corrected, and 
the text should reflect the results of such an analysis. In particular, any statement about 
differences in warming should be weakened considerably if the differences are not 
statistically significant.  

6. The trends calculated from reanalyses are downplayed because the input data sets 
are not homogenized. Although there is potential independent value of reanalysis 
products, it is not clear what trends from a reanalysis model mean in the context of 
temporally varying inputs. Therefore, the committee agrees with the decision of the 
authors to downplay this source of information. 

7. The issue of regional land-use and land-cover changes is brought up in a number 
of places, but the implications are not clearly addressed. For example, in lines 94-96 it is 
suggested that regional land-use change must be considered in the development of land-
based data sets. However, if regional changes are large enough to have a measurable 
influence on global temperature, then these changes will be sampled and detected by the 
existing land-based networks. As such, why is this an issue when analyzing the 
differences among the data sets? There is an issue related to land-use and land-cover 
changes that could be addressed here or in other chapters. In the modeling discussions in 
Chapters 1, 5, and 6, land-use and land-cover is considered to be a forcing (with uncertain 
magnitude in the past) that is incorporated in some models and not in others. The 
committee believes this is correct and that land-use and land-cover should be considered 
as a forcing. Any land-use and land-cover effects in observational datasets should 
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therefore be left in and not commented upon as a problem in Chapter 6. In other words, 
Chapter 6 cannot have it both ways the data are affected by land-use and land-cover 
change, so they are somehow wrong, yet this forcing is omitted from many models. 

8. The Fu et al. results have the potential to be centrally important to the issue of 
tropospheric temperature trends and should be discussed more thoroughly in lines 863-
868. Attempts to separate tropospheric and stratospheric contributions to trends are 
reasonable. They should not be rejected with the value statement that they are 
“controversial”. The only published criticism of the Fu et al. approach is by Tett and 
Thorne (2004), with other criticisms in the grey literature. The Fu et al. method has since 
been followed up by several studies which show that it is robust, including further 
research by Fu and colleagues and Gillett et al. (2004).  The potential clarification that 
the Fu et al. method can contribute to the central issues is very significant.   

9. The difference between the Remote Sensing Systems (RSS) and University of 
Alabama, Huntsville (UAH) trends is left as an open issue, with no relative value given. 
It is important to resolve this discrepancy, if possible. The trend difference in the mid-
troposphere is the same size as the signal: zero for UAH and +0.1 K/decade for RSS. If 
no distinction can be made, then no conclusion can be drawn. Statements in lines 355-359 
and elsewhere about discrepancies between RSS and UAH as being mostly due to the 
NOAA 9 satellite are misleading as can be seen by looking solely at the post 1987 period. 
In fact, examining differences between the two datasets, which are not shown in the  
report, reveals major issues remaining on adjustments for other satellites and diurnal 
cycle issues (especially as a function of latitude and in the tropics).  

10. In lines 791-816, if the tropical tropospheric temperature profile behaves as a 
moist adiabat, which to an approximation it does, then the lapse rate is expected to 
decrease as temperature increases (i.e., as the surface warms, the troposphere is expected 
to warm more). This is the “global change theory” the authors refer to in Section 6.2.1. 
Therefore, it is no surprise that when the surface warms due to ENSO, the troposphere 
warms relative to the surface (line 798), or that when the atmosphere warmed in 1976-
1977, the lapse rate dropped (line 802). These results are currently presented with no link 
to physical theory. The authors say that “the variation in tropical lapse rate can be 
characterized as highly complex, with rapid swings over a few years, superimposed on 
persistent periods of a decade or more”, but our guess is that much of this variation can 
be explained by changes in the mean temperature. Further, the authors say that the 
enhanced warming of the troposphere associated with surface warming gives “enhanced 
static stability” (lines 799 and 803). A reference should be provided for this statement. It 
should be noted that the troposphere did warm relative to the surface in the tropics during 
the 1997-98 El Niño event, which is a large signal. Also, the report should reference a 
study by Gettelman et al. (2002) on changes in stability. This study highlights the 
observed increases in Convective Available Potential Energy (CAPE) that are not 
replicated by models (which remove all CAPE), and so it is also relevant to Chapter 5 of 
the report. 
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SPECIFIC COMMENTS 
 

1. The numerical system for numbering the figures is overly complicated and 
inconsistent. It would be simpler to number the figures 3.1, 3.2, 3.3 etc., rather than 2.4, 
3.3, 4.4, 6.2, 6.2.2, 6.2.3, 7.1. In all the figures, the notations used to label the curves in 
the diagrams are different from the descriptions in the captions. For example, Figure 2.4 
has the labels N, G, and U, and these are not defined in the caption. The same is true in 
different ways for 3.3, 4.4, etc. Also, without a very good color print, the different 
colored lines can be difficult to distinguish. 

2. In lines 53-55, comparing results from more than one dataset also provides a 
better idea of the uncertainties or at least the range of results. 

3. In lines 86-88, the statement that homogenization procedures are “quite 
successful” at addressing these issues should be more nuanced. While we are in 
agreement with the statement with regard to biases introduced by changes in time of 
observation, we are less confident that other issues (e.g., exposure changes) can so 
readily be addressed because there is often a lack of metadata. 

4. In lines 107-111, the benefits of sea surface temperature (SST) over night marine 
air temperature (NMAT) are discussed without saying anything about what the 
relationship between SST and NMAT is likely to be (e.g., is SST a good proxy for 
NMAT?).  

5. There should be a reference in line 163 to Jones et al. (1997, 2001). These papers 
give details of the procedure for allowing for changing numbers of observations through 
time. 

6. This text in lines 180-183 is a bit wordy and does not follow on well from the 
previous sentence. The paper by Vose et al. (2005) should show that the differing 
techniques with the same data produce almost the same results.  

7. In line 205, the text “since neither choice is optimal” suggests that there is a single 
optimal approach. This should be rephrased to “since each approach has advantages and 
disadvantages.” 

8. In lines 229-231, the Radiosonde Atmospheric Temperature Product for 
Assessing Climate (RATPAC) data set incorporates different homogeneity adjustments 
before and after 1997. Has anyone evaluated the extent to which this might introduce an 
inhomogeneity into this data set? 

9. Lines 294-296 state, “There is some ambiguity about whether the temperatures 
return to their earlier values or whether they experience step-like falls”. Surely this is just 
a matter of how best to describe the curves. A more important question is whether the 
observations agree with particular models (global circulation models or theoretical 
models). Has anyone suggested a plausible mechanism that would give a step-like 
cooling after a volcano (e.g., Douglass and Knox, 2005)? 

10. In lines 297-299, is the interannual variability really mainly due to the Quasi-
Biennial Oscillation (QBO)? If so, a reference should be provided.  

11. The text in lines 299-301 makes it sound like the stratospheric cooling trend has 
been completely explained as a combination of the responses to stratospheric ozone 
depletion and cooling due to carbon dioxide. This is in disagreement with the  Executive 
Summary, which indicates that the cooling cannot be fully explained by these forcings. 
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12. In lines 301-305, there are various descriptions of the curve including “the 
aforementioned step-like drops represent a viable alternative to a linear decrease”. What 
do the authors mean by “a viable alternative”? Presumably, they do not mean one based 
on a physically-plausible mechanism. Again, this seems to just be a discussion of how 
best to describe the curve, whereas the real issue is whether the observations agree with 
theoretical predictions. 

13. In lines 320-323, the change to the Vaisala radiosonde in certain tropical areas is 
given as a possible reason for the differences in the two radiosonde data sets. What 
analysis has been done to suggest this possibility? Or is this statement made simply 
because the timing is coincidental? 

14. The nomenclature of TMid-Trop-R and TMid-Trop-A are introduced without 
definition in line 358. At least a reference to Chapter 2, Figure 2.2 and related discussion 
should be included for those who may start reading here. Are these just the Microwave 
Sounding Unit (MSU) channels and their radiosonde integral equivalents, or something 
else? Also, the nomenclature in the figures and captions is inconsistent and not 
sufficiently defined. 

15. TTrop-UW-A is introduced without definition in line 396. 
16. In line 447, the National Centers for Environmental Prediction (NCEP)/National 

Center for Atmospheric Research (NCAR) reanalyses go back to 1948. It is probably best 
to ignore the period between 1948-57 as this study only goes back to 1958. 

17. A reference to Simmons et al. (2004) might be needed in line 475, or a reference 
back to Chapter 2.  

18. The Pielke and Chase (2004) reference in line 488 is missing from the reference 
list. 

19. It is not completely clear what is meant in lines 502-505. Presumably this relates 
to the abrupt change in the late 1970s. 

20. What do the authors mean by “it has been shown that such constructs are 
plausible” in lines 505-508? What criteria are used to judge their plausibility? 
Presumably it is just how well they fit the data. In this case, you could make a perfect fit 
to the data by regressing it on itself. Again, the real issue is whether the observations fit 
with theoretical predictions. 

21. It is unclear what is meant in lines 515-518. 
22. In lines 521-527, The reanalysis models tend to agree better with the climate 

model predictions than do the raw observations. Is this an alternate explanation of the 
differences between the reanalyses and the raw observations (i.e., if the reanalysis model 
has similar physics to the climate models, then its troposphere will warm more than its 
surface)?  

23. It is not entirely clear what is meant in lines 542-544. Do the authors mean 
something like “trends in land air temperature in coastal regions are generally consistent 
with trends in SST over neighboring ocean areas”? 

24. In lines 548-552, the authors do not mention the most obvious explanation for 
enhanced warming over land, namely the smaller effective heat capacity over land than 
ocean. Enhanced warming over land is seen in every climate change simulation and does 
not relate primarily to the phase of ENSO, though this could be a contributor. Better 
justification should be provided for a link between warmer temperature over Siberia and 
ENSO. Siberia encompasses a large area, so be more specific and provide a reference. 
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25. In lines 561-563, SSTs and NMAT have different trends for short periods owing 
to ENSO and changes in surface fluxes, as shown in other works. 

26. In lines 568-570, these differences might be related to an increase in mean ship 
height above the sea surface. 

27. While the explanation in lines 589-591 sounds plausible, has it ever actually been 
shown? Are the free tropospheric temperatures more highly correlated with maximum 
surface temperatures than with minimum temperatures? If there is not a published 
reference on this, then should be removed. 

28. In lines 600-601, it is not clear whether this relative change in trend in the 
troposphere and surface is statistically significant in the recent era. Visually, it does not 
seem that impressive or obvious. 

29. The comparison the authors make in lines 627-629 is equivalent to assuming that 
the Maryland stratospheric trend is the same as that in the other two datasets (since the Fu 
et al. approach is just to fit to a regression model). 

30. In lines 655-656, “TLow-Strat-A” and “TLow-Strat-B” need definitions. 
31. In lines 656-657, why is the cooling at the South Pole not more dramatic, 

especially given known problems over sea ice (Swanson, 2003) and the high ice sheet of 
Antarctica that greatly impacts channel 2? In fact, it looks like the cooling is larger in the 
northern hemisphere midlatitudes.  

32. Replace “Soviet stations” in line 672 with “stations located in Russia and other 
countries of the former Soviet Union”. 

33. The word “granularity” should be replaced in line 693. 
34. In line 696, replace “noisy patterns that result” with “noise that results”. 
35. The figure labeling (a, b, c and d) in line 704 is incorrect. 
36. No mention is made of the Antarctic in line 713. 
37. In lines 722-724, the sharp contrasts only seem to be around the western coasts of 

the Americas. 
38. The unit for a lapse rate trend looks wrong in line 823. Surely it should be K  

km-1 decade-1 or something with the same dimensions.  
39. Are there missing crosses for the surface in Figure 6.2b, or do they all overlap? 
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Review of Chapter 4 
 
 
 
 
 
 

Chapter 4 raises the following question: what is our understanding of the 
contribution made by observational or methodological uncertainties to the previously 
reported vertical differences in temperature trends? The chapter gives separate discussion 
to three main layers of the atmosphere (stratosphere, mid/upper troposphere, and lower 
troposphere) and to surface data on both sea and land. For the atmospheric data, there is 
separate discussion of radiosonde and satellite data, although less attention is given to 
radiosonde data because of the well-known historical bias in radiosonde stratosphere 
measurements (which also affects averages computed for the troposphere). Much of the 
discussion is devoted to the conflict between the University of Alabama, Huntsville 
(UAH) and Remote Sensing Systems (RSS) reconstructions of the middle and upper 
troposphere, with particular emphasis on the consequences of different calibration 
corrections the two groups make for one satellite (NOAA-9). The possibility of 
combining Microwave Sounding Units (MSU) channels (work by Fu et al.) is mentioned, 
though dismissed as controversial. The chapter also mentions, but similarly dismisses, the 
use of reanalyses. The last part of the chapter is about the different sources of bias in 
surface data. 

As discussed previously, there is some overlap between Chapters 2 and 4. The 
report would benefit from some reorganization to more clearly focus the two chapters; a 
suggestion for what material belongs in which chapter is provided in the committee’s 
comments on Chapter 2. The emphasis throughout is on “structural” sources of 
uncertainty, as opposed to statistical uncertainty which has been dealt with in Chapter 2 
(for reasons that are not quite clear because it would seem more logical to deal with all 
the sources of uncertainty together). Within its thus-defined scope, the chapter does a 
generally good job of describing the different sources of bias in temperature 
reconstructions. The following comments are aimed at improving the chapter discussion.  
 
 

MAJOR COMMENTS 
 

1. There should be better discussion of the Fu et al. approach. Simply stating that 
this is controversial is a value judgment and not an adequate reason for dismissing the 
approach. The review panel sensed that some of the authors had more specific objections 
to the approach, but these are not adequately documented. For example, why should it be 
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a problem that the approach uses negative weights for part of the signal? The ultimate 
goal here is to eliminate or reduce stratospheric contributions to middle troposphere 
temperature trends. As described in Line 184, about 10 percent of the weight of Channel 
2 comes from the stratosphere, but the integrated weight for Fu et al. weighting function 
is near zero. As stated on Line 187, the stratospheric contamination on TMid-Trop trends is 
about 0.05 K/decade, while the trend uncertainty due to the uncertainty in derived 
coefficients in the Fu et al. method is only about 0.01 K/decade. The potential for 
incorrect stratospheric temperatures to corrupt the mid-tropospheric values should receive 
greater emphasis in Chapter 4 and Chapter 5. In conclusion, the Fu et al. method appears 
to reduce stratospheric contributions and may represent a valuable resource for this 
report. The report could, if appropriate, include references to more recent work of Fu et 
al. and possibly other authors. The new papers might give more insights on controversial 
issues of negative weights in the Fu et al. method and its impacts on trends. The Fu et al. 
(2004) reference on line 487 is missing in the chapter’s references. 

2. The report gives a very even-handed discussion of the reasons for different trend 
estimates by UAH and RSS. Is there any way to go further, for example by stating which 
approach is better or proposing ways to reconcile the two approaches? Would the authors 
recommend further statistical analyses?  If so, what form should these take? It appears to 
be the case that, although issues with diurnal corrections and the calibration target are 
important, these are not the major reason why the two groups obtain different trend 
estimates. These differences appear to hinge on the different treatments of the NOAA-9 
satellite. It may be possible to do better using Bayesian statistical methods. For example, 
one could treat the unknown shift of the time series (resulting from the change of 
satellites) as a parameter with a prior distribution, construct a posterior distribution by 
analyzing data from both satellites, and then integrate out that posterior distribution using 
Monte Carlo methods to derive a reconstructed time series that allows for uncertainty in 
the shift. This method could potentially work better than current methods when there is 
only a very limited amount of overlapping data.  In lines 294-300, the authors use the 
lack of a diurnal correction in the University of Maryland (UMD) dataset as an excuse for 
not discussing it. Because of the differences between UAH and RSS and the small 
residual uncertainty from diurnal sampling, it could be informative to use the UMD 
dataset as an independent check to understand and possibly reconcile the differences 
between UAH and RSS. The suggestion that the correction for target temperature is a 
function of latitude (or orbit relative to the Sun), as done by the UMD group (Grody et 
al., 2004), but not by UAH and RSS, is an interesting one and builds in some diurnal 
cycle corrections. These issues ought to be discussed openly. 

3. Overall, the satellite uncertainty is summarized in detail and in depth, while the 
radiosonde uncertainty is described in less detail and less quantitatively (see below for 
more detailed comments). There is no discussion of the strengths and weaknesses of 
homogenized methods used by different dataset groups. There is a lack of attention to 
developing physical-based correction schemes. For example, radiosonde radiation error is 
the main source of errors for upper troposphere and lower stratosphere temperatures. it 
appears that none of the groups has implemented radiation corrections to non-corrected 
historical data or adjusted applied corrections. It is true that the trend analysis relies more 
on long-term homogeneity than on the absolute accuracy. But accurate data throughout 
the period would minimize the temporal inhomogeneity and can be used for other studies. 
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Also, the report has no discussion of missing data within a month for radiosonde data. In 
Hadley Center Radiosonde Temperature (HadAT) only 12 soundings are required to 
make a monthly mean and two monthly means to make a season; there is no allowance 
for this in the error bars. Missing months are especially an issue in the tropics, where 
records are woefully incomplete, as shown by Hurrell et al. (2000). Free and Seidel 
(2005), however, find missing monthly data to have a fairly minor effect on trends.  

4. There is no discussion of statistical uncertainties in methodologies for calculating 
trends, calculating monthly mean values and creating global time series (i.e., spatial 
averaging techniques for radiosonde data). Some of this discussion appears instead in 
Chapter 2. Somewhere (Chapter 2, Chapter 4, or a separate appendix) there should be a 
separate section on statistical methods for estimating trends in time series, including 
standard errors or other measures of statistical uncertainty. 

5. The largest discrepancy between radiosondes and satellite estimates of trends is in 
the stratosphere. More detailed discussions on the stratosphere discrepancy are needed in 
Section 2. Section 2.1 briefly describes two uncertainties associated with undetected 
changes in instrumentation and early bursting of balloons in early radiosondes. There can 
be significant biases in the radiosonde temperature data in the stratosphere due to 
radiation errors. Both radiosonde datasets do not include physical models for radiation 
adjustments. Durre et al. (2002) show that Luers and Eskridge (1998) adjustments make 
radiosonde temperatures more homogeneous in the stratosphere, although it frequently 
amplifies the discontinuities in the troposphere. Regarding the statement “The 
discrepancy … is likely to be mostly due to pervasive uncorrected biases in the 
radiosonde measurements” on lines 96-98, can the authors be more specific about what 
those uncorrected biases are? What about time lag errors of radiosonde data that could 
cause a cold bias in the stratosphere? There are minimal discussions on the largest 
disparities in the tropics between two radiosonde datasets and between radiosonde and 
satellite data in Figure 6.2.2. in Chapter 3. How does the difference in station 
distributions between these two radiosondes contribute to the largest discrepancy in the 
tropics? Is the enhanced cooling in the tropics relative to the midlatitudes in the 
stratosphere in radiosonde datasets due to a lack of sampling over open oceans, or is it 
due to larger adjustments associated with the switch to Vaisala radiosondes for most of 
tropical stations? It seems that the former has minor impacts because Figure 6.2.3 in 
Chapter 3 shows that the stratosphere trends in the tropics are zonally uniform.  

6. It seems that the difference in homogeneity adjustment methods is the main 
contributor to disagreements in trends among different radiosonde datasets presented in 
Sections 2.1 and 3.1. Do the adjustments reduce or increase the discrepancies in trends 
(by comparing the trends before and after the adjustments)? 

 
 

SPECIFIC COMMENTS 
 
1. In lines 176-193, does the bias in the radiosonde-derived TMid_Trop from 

stratospheric errors have the same magnitudes of about 0.05 K/decade for NOAA and 
UK-Met datasets? As shown in the middle panel of Figure 6.2.2 in Chapter 3, the 
difference between TMid-Trop-U and TMid-Trop-N at around 5°N is about 0.1 K/decade. Adding 
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~0.05 K/decade to both datasets still cannot explain the large disparity between two 
datasets at this latitude.  

2. In lines 335-347, how can the uncertainty of the lower troposphere temperature 
record be consistent with the mid-troposphere uncertainty, especially given that the mid 
tropospheric record is biased low by contaminating lower stratosphere influences? 

3. Section 4.3 fails to examine root mean square (RMS) differences (e.g., Hurrell et 
al., 2000) and only deals with average trends.  

4. The surface record also has problems that are not discussed in Section 5.1 of 
Chapter 4. In particular, no error bars are assigned to the systematic corrections. 
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Review of Chapter 5 
 
 
 
 
 
 

Chapter 5 asks the following: how well can the observed vertical temperature 
changes be reconciled with our understanding of the causes of these changes? This 
chapter aims to explain the different observational surface and tropospheric temperature 
trends through using state-of-the-art modeling results, principally from integrations that 
include multiple climate forcing factors. Most of the model simulations analyzed are 
relatively new, using model integrations performed for the Intergovernmental Panel on 
Climate Change Fourth Assessment Report (IPCC AR4) assessment.  

Overall the committee liked this chapter. It is the clearest and most lucid of all of 
the chapters. However, there are several important issues that should be addressed, 
especially related to the correct use of statistical uncertainties and comparisons with 
satellite data. This chapter has copious footnotes unlike all the others. This approach 
seems better for the presumed audience and is therefore recommended for all other 
chapters. Thus, sufficient detail can be presented without damaging the flow for the more 
general reader.  

 
 

MAJOR COMMENTS 
 

1. The conclusions reached are often based on estimates of trends, neglecting 
uncertainty levels, and many statements on comparison are inaccurate because of this. 
The report should be more explicit about the choices made regarding the treatment of 
trend confidence intervals in model-data comparisons. If the authors believe that 
including error bars could hide model-data discrepancies, inadequate understanding of 
model uncertainties, or both, then this view should be discussed, possibly within the first 
conclusion or earlier. The second and third conclusions regarding the influence of 
volcanoes and El Niño Southern Oscillation (ENSO) could be removed and only briefly 
mentioned earlier. The volcano aspect could be included as an example of the single 
forcing whose signal can be detected in observational temperatures in the first concluding 
point. There should also be discussion of volcanoes in the context of Douglass and Knox 
(2005) and Lindzen and Giannistis (1998, 2002). 

2. Error bars are essential on the plots, notably Figures 5.3 and 5.4, and all dots 
should be horizontal bars to allow for sampling uncertainty. This is important because 
ENSO is not in the same sequence in the coupled models. This is partly discussed in lines 
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641- 659, but model simulations cannot be definitive given the exceptional nature of the 
1997-98 event. Even in Figure 5.7 only a single set of error bars is given. 

3. The chapter notes the importance of the stratospheric contribution to the channel 2 
temperatures and refers to Fu et al. in lines 580-583, but then never allows for this in 
subsequent comparisons. As a result, Figures 5.2B, 5.3, 5.4, and 5.5 and discussion are all 
misleading because the models clearly have different cooling in the stratosphere; 
discussions in Chapter 4 suggest that this accounts for 0.05 K/decade trend in channel 2 
discrepancy. Several parts of the text ought to be substantially revised as a result of this 
(including lines 614-624, 631-633, and others). 

4. Regarding the focus on the global means and some zonal means, regional trends 
differ a lot from global values (Agudelo and Curry, 2004). For instance, the large 
increase in surface temperature over northern land and the smaller decrease in the 
troposphere, which is related to changes in surface inversions (Chapters 1 and 3), are not 
examined in the models and not picked up. The chapter comes closest with Figure 5.5, 
but that fails to account for the stratospheric contamination. The fact that sondes are not 
global is also not dealt with. Subsampling of the modeling data at sonde locations is not 
done. 

5. There should be more explicit discussions of the specific responses to individual 
forcings and how these combine together. This could be done in the first of the 
conclusions that have “some confidence”—see details towards the end of the specific 
comments. There should also be a discussion of the use of multiple regional forcings in 
models.  

6. In the presentation by B. Santer during the February 23, 2005 NRC meeting 
(Chicago, Illinois), the committee liked the two model plots (of standard deviations and 
trends at the surface and at low and middle troposphere) and would hope that these can be 
included in a revised chapter. Also included should be as many results from additional 
models as time allows. 

7. The committee had some discussion of how the basic methodology of “Detection 
and Attribution” should be presented in the report. What is needed is not a full 
mathematical description of the method (for that one can refer to the original source 
papers) but a discussion of the main principles behind the methodology that would be 
appropriate for a climate scientist who does not work directly in this area of research. 
There needs to be better understanding of the strengths and limitations of detection and 
attribution analyses. What follows is a tentative suggestion of how to do this. In addition, 
the authors may find the work of Levine and Berliner (1999) useful in revising this 
discussion. 
 

Detection and attribution methods try to represent an observed climatic 
data set in terms of signals due to forcing factors such as greenhouse 
gases, aerosols and solar fluctuations, plus correlated random noise. The 
methods are also called “fingerprint analysis” because it is possible to 
think of the method as identifying specific fingerprints (spatial patterns of 
climate change due to specific forcing factors) in the observational climate 
record. The climate data typically consist of temperature or rainfall 
averages over grid boxes and are very high-dimensional.  
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There are two versions of the method, one developed by Santer et al. 
(1995, 1996) based on estimating pattern correlations between 
observational data and fingerprints and the other developed primarily by 
Hegerl and Allen and their co-authors, (Allen and Tett, 1999; Hegerl and 
Allen, 2002; Allen and Stott, 2003; Allen et al., 2004), which uses 
regression analysis to decompose climate data as a linear combination of 
forcing factors, plus correlated noise. If the regression coefficient due to a 
forcing factor is statistically significantly different from zero, then we can 
claim to have “detected” that factor in the climate record. “Attribution” 
refers to the process of attributing the observed climate change to the 
different forcing factors. The two approaches are mathematically 
equivalent, though they differ in specific details because of different 
implementation decisions made by the two groups. 

A critical feature to both versions of the method is how to estimate the 
spatial correlation structure of the unforced internal variability.  Standard 
techniques—such as estimating the correlation between each pair of grid 
boxes from the observational data and assembling the resulting pair-wise 
correlations into a correlation matrix—fail completely because the number 
of data vectors available for estimating the correlation matrix is so much 
smaller than the dimension of the data. Therefore, an indirect approach is 
used. Samples, typically of around 1,000 years in length, are generated 
from control runs of the climate model where all forcing factors are kept 
constant. The covariance matrix is estimated from these control runs 
together with an orthogonal decomposition to reduce dimension (a 
technique variously known as Empirical Orthogonal Function (EOF) 
analysis, principal components analysis, or Karhunen-Loève expansion). 
Typically around 10-15 orthogonal components are used. Based on this 
decomposition, it is possible to greatly reduce the dimension of the 
original data and hence to estimate the pattern correlations or regression 
coefficients, with realistic approximations to the sampling distributions of 
those estimates. 

Some potential difficulties with the methodology should be noted. 
There are various technical issues such as how many orthogonal 
components to choose (or the broader question of how well covariances 
calculated from control model runs represent those in real data). The 
method does assume that the signals or fingerprints are known—Myles 
Allen has proposed an extension that allows for random error in the 
signals but this makes the analysis much more complicated and it is not 
clear that it works well in this situation. As a result, the methodology is 
probably not appropriate for incorporating climate change effects where 
there is large uncertainty about the signal (one might argue that land-use 
and lan-cover effects fall in this category). Also, the methodology should 
probably not be used with too many different signal components; most 
successful applications have used just the major signals mentioned above 
(greenhouse gases, aerosols and solar fluctuations, possibly including also 
volcanic forcings, but always bearing in mind that some of these forcings 
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are not well known and have large error estimates). It is a feature with any 
regression analysis that including too many collinear regressors lowers the 
precision of estimated regression coefficients, and this aspect is only made 
worse by the difficulties associated with estimating covariances. 

The method assumes that the response to a combination of different 
forcing factors is a linear combination of the responses to the individual 
forcing factors (a property that statisticians call additivity). In principle 
one could get around this assumption by running, for example, climate 
models under different combinations of forcing factors and using these 
combined signals in the detection and attribution analysis. This is not done 
because of the computational expense of obtaining such multiple model 
runs and the statistical difficulties just mentioned of using detection and 
attribution techniques to select among a large number of possible model-
based signals. The assumption of linearity in response should also be 
evaluated, as many of the forcings are not orthogonal to each other. 

In summary, detection and attribution methods are an extremely 
powerful technique.  They are essentially the only method available for 
formally analyzing the agreement between climate models and 
observational data. However, they cannot be expected to do everything. In 
particular, they cannot be expected to detect a poorly defined signal or to 
discriminate among a very large number of possible signals that might 
represent different explanations of climate change. 

 
 

SPECIFIC COMMENTS 
 

1. The word “lockstep” in line 52 should be replaced with “evolve together” or “in 
unison”. 

2. References should be provided for the differences of opinion discussed in lines 
93-94. 

3. In lines 108-109, while the model will simulate similar ENSO to the real world 
when run in Atmospheric Model Intercomparison Project (AMIP) mode, this is much 
smaller for North Atlantic Oscillation (NAO), which is not ocean forced. 

4. The sentence in lines 112-113 could be expanded to be more informative. 
5. In lines 122-123, the reason for using ensemble forecasts is not only because the 

full state of the climate system is not known. Producing a deterministic forecast of the 
climate would also require a perfect model.  

6. Add regional aspects in footnote 11? 
7. Evidence of the 0.3ºC cooling since the 1970s over India should be provided in 

line 216. This cooling is not evident in the maps the IPCC AR4 will use for 1979-2004. 
Over this timeframe most of India shows warming. 

8. The urban heat island should be mentioned in lines 233-237 because it is a major 
effect in urban areas and of opposite sign to rural land-use and land-cover effects. 

9. In line 237, Matthews et al. (2003) is not in the reference list (and it should 
actually be Matthews et al., 2004.). The cooling is small in global terms, but it might be 
large regionally, although it is hard to pin down because the noise levels are much higher. 
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In general, regional changes on a scale smaller than the Rossby radius tend to be confined 
to the boundary layer. Also, Table 1 of Chapter 1 says land-use change effects are small. 

10. Another reference relevant to lines 281-282 is Jones (1994). 
11. Are the very small estimates of error reported in footnote 18 still believed? 
12. Lines 320-321 state, “volcanic effects probably contribute to slow changes in 

lapse rate variability”. Do the authors mean changes in lapse rate variability, or changes 
in lapse rate here? 

13. In footnote 21, can the HC/CRU surface data be referred to as HadCRUT2v and 
have the Jones et al. (2001) reference? This should be done elsewhere in the other 
chapters and can be in one of the footnotes. 

14. Section 4.3 would benefit from more synthesis and assessment, rather than just 
reporting of results. 

15. Which climate forcings does line 357 refer to? 
16. In line 397, “various datasets” should be “various models”.  
17. The  IDAG reference in line 411 is missing. 
18. In lines 424-425, are there also different variables than temperature? Are there 

some more recent references regarding pressure detection? There could be a better link to 
the preceding paragraph. 

19. In lines 428-432, positive detection results obtained in the absence of some 
forcing should not be taken as evidence of absence of that forcing. The same argument 
could be made about volcanic forcing, solar forcing, or even sulfate forcing, yet we know 
they have had an effect on the climate. This sentence should certainly be deleted. (In fact 
four pages later, the authors themselves argue that our inability to detect sulfate in some 
studies should not be taken as evidence of absence of a sulfate signal). This also reflects 
the potential non-orthogonality of the various forcings. 

20.  “This apparent contradiction” in line 433 is not really a contradiction, for the 
reasons given above. 

21. What is the relevance of the final sentence in lines 498-500? 
22. In lines 502-509, the difficulty of detecting the sulfate response could also be 

explained by degeneracy between the sulfate and greenhouse gas response patterns.  The 
inability of some studies to detect the sulfate response should not be taken as evidence of 
absence of a sulfate signal, but at the same time, by itself it does not show that “it is 
important for detection work to account for large temporal changes in the fingerprint 
pattern”. 

23. None of the model runs for IPCC AR4 mentioned in lines 541-542 have been 
written up yet. As long as the references detailing the new integrations are submitted this 
is not a problem. 

24. HadCM3 has also run all the experiments discussed in lines 550-551. Is it possible 
to include it, or are you hoping to use HadGEM? 

25. In lines 553-554, the use of different forcings in the different IPCC models is 
sometimes presented as an advantage, since it folds in some approximation of forcing 
uncertainty into the analysis. 

26. In lines 591-592, insert “partly” before “due”. As far as we are aware, no one has 
shown that water vapor changes can explain the full difference between simulated and 
observed trends. 

27. Insert “Body” before “temperature” at the start of line 782. 
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28. Line 790 should also refer to Robock and Oppenheimer (2003), which looks more 
at circulation patterns. There is a paper in that book by Jones et al. (2003). 

29. Lines 800-802 states, “At constant relative humidity, water vapor is expected to 
increase nonlinearly with temperature (Soden et al., 2002).” Water vapor does increase 
nonlinearly with temperature at constant relative humidity. This is just the Clausius-
Clapeyron equation. If a reference is cited it should be to Clausius and Clapeyron.  

30. In line 808, ocean temperature data has very ambiguous implications as noted in 
Lindzen and Giannitsis (2002). 

31. More discussion should be provided in line 811 about the widespread and 
accelerating glacial retreat. It is those mountain glaciers in low and midlatitudes that are 
melting systematically. This is a terrific proxy measurement because the mountain glacier 
melting is unprecedented in modern history and is now happening within the lower 
atmosphere that is a primary focus of this report. The report needs to point out that just 
glaciers that respond to summer temperatures are retreating. Many glaciers that respond 
to winter precipitation are advancing.  

32. Trends are influenced by ozone, greenhouse gases, aerosols, etc. In addition to 
addressing combined forcings in lines 849-863, also discuss the response of the model to 
each of the forcings individually and the uncertainties in the various forcings. 

33. Volcanoes and ENSO do not make much difference to the trend. As these series 
are now slightly longer than earlier studies so that they no longer end with a major (1997-
1998) ENSO event, the points about volcanoes and ENSO could be removed. There 
could be a brief discussion in lines 865-881 or preferably earlier regarding their effects. 

34. The section in lines 903-910 should be more explicit in saying which of the 
various components contribute separately to the agreement. It should also be more 
explicit about exactly which forcings are included in the “all” integration. 
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Review of Chapter 6 
 
 
 
 
 
 

Chapter 6 asks: what measures can be taken to improve the understanding of 
observed changes? This chapter purports to respond to issues and shortcomings raised in 
Chapters 1-5 and develops a list of seven comprehensive recommendations. These 
recommendations address: (1) the need for improved observing standards that are 
rigorously implemented, (2) better use of existing data, (3) expanded use of regional and 
global climate models for assessing the impacts of forcings and feedbacks on temperature 
trends, (4) continued assessment of tropospheric trends using a full range of statistical 
techniques and modeling tools, (5) enhanced development of reanalyses, (6) improved 
metadata, and (7) development of scientific talent. 

The committee finds that the recommendations in Chapter 6 are insufficiently 
specific and not clearly prioritized. Furthermore, the seven recommendations seem 
largely disconnected from the findings in Chapters 1-5, and even from the text in Chapter 
6. This chapter needs a substantial rewrite, including re-organization of the text and 
reformulation of the recommendations. 
 

MAJOR COMMENTS 
 

1. Chapter 6 should be reorganized into two parts:  
 

a. The first part should take findings from Chapters 1-5 to recommend specific 
opportunities to improve understanding of vertical temperature trends. These should 
focus on addressing remaining uncertainties in existing satellite and radiosonde data 
sets.  

b. The second part should focus on future measurement opportunities in the 
context of the specific goals of the report for reconciling observations and 
understanding of temperature trends. 
 
2. Also in reorganizing Chapter 6, the committee recommends starting with the 

Global Climate Observing System (GCOS) implementation plan and reinforcing, adding 
to, or modifying that plan, rather than starting from scratch. It is important that the 
community speak with a unified voice as much as possible.  The authors should also 
discuss the current efforts to improve the relevant temperature measurements in addition 
to GCOS, including Global Ocean Data Assimilation Experiment (GODAE),  
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SEAFLUX, and Global Energy and Water Cycle Experiment (GEWEX) Radiation Panel 
efforts to develop technologies for reference radiosondes, and discuss international 
efforts, not just U.S. efforts. 

3. The organization of the chapter is centered around data types, such as “surface”, 
“tropospheric”, and “reanalyses”. A variety of new issues that do not directly map to the 
seven recommendations are brought up in these sections (much of which is not relevant 
or belongs in previous chapters). An alternate organization would be to have seven 
sections with section headings that are the first sentence of each recommendation. Then 
the text of each section would tie directly back to a need documented in the earlier 
chapters, would include discussion of the adequacy of current national and international 
plans to address this need, and make further specific recommendations for 
implementation of this recommendation. 

4. A substantial amount of new information is introduced for the first time in 
Chapter 6, including material that should have been introduced in earlier chapters if it is 
deemed relevant and material that does not directly map to the seven recommendations. 
The following is specific information that is redundant or should be moved to previous 
chapters: 
 

• The material in lines 54-71 should be mentioned in the context of Chapters 1 
and 5. 

• Text on snow and sea ice and sampling inadequacies in lines 179-187 should 
be moved to Chapter 2. 

• For lines 138-177, lines 240-254, and lines 300-317, text on combining 
surface temperature and dew point temperature is far too wordy, and the main point is 
lost. This concept should be included in a general recommendation on the need to 
evaluate and interpret the temperature data in the context of other data sets (e.g., 
humidity, winds, ocean heat content, etc.) and to understand issues such as the impact 
of changing land use on temperature trends, as stated in lines 347-355. 

• The text in lines 447-494 about recommending specific improved climate 
model parameterizations is not directly relevant to the present study, although it is 
appropriate to state in earlier chapters that inadequate parameterizations in numerical 
weather prediction models contribute to potential problems in using the reanalyses to 
determine temperature trends. 

• The text in lines 98-105 should be moved to Chapters 2 and 4 as these points 
were not adequately made in those chapters. 
 
5. As far as the current recommendations in Chapter 6 still appear after the chapter is 

revised, here are comments on each of the current recommendations. The seven 
recommendations in Chapter 6 have been said numerous times before in other reports. 
Also, given the relative lack of traceability of these recommendations to the previous five 
chapters, it may be that a significant recommendation was omitted. 
 

a. The first recommendation concerns reference measurements. The 
recommendation should be formulated to account for the adequacy or inadequacy of 
current national and international plans to address this need. If inadequate 
recommendations are made in previous documents (e.g., GCOS), then very specific 
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recommendations should be made to address the sensor design, sampling, or other 
needs. 

b. The second recommendation concerns making better use of existing data. See 
comments for the first recommendation. This section should focus specifically on 
reprocessing of radiosonde data, resolving the differences between the different MSU 
analyses, and use of the TIROS Operational Vertical Sounder (TOVS) data, including 
some very specific recommendations to address the key issues. It should also discuss 
detailed intercomparison (at the pixel level) of the different data sets and cross 
checking with other variables. Better scientific uncertainty analysis of the data sets 
should be part of this recommendation. Specific recommendations here would add 
considerable value to this document.  

c. The third recommendation concerns the use of climate models to interpret the 
cause of temperature trends. This recommendation needs to be reformulated or 
perhaps eliminated because it is too broad and inappropriate for the present study. 
What is recommended here should follow directly from Chapter 5 and any 
uncertainties or inconsistencies in the analyses that were identified. An alternative 
recommendation would be to “Improve the scientific understanding of the variations 
of the vertical temperature structure of the atmosphere”. It should also be clearly 
emphasized that data is being used to test models and not vice-versa. 

d. The fourth recommendation concerns statistical trend analysis. A clear case 
has not been made in the previous chapters (or in Chapter 6) that there is a need for 
new research in the statistical analysis of trends. Rather, the committee would prefer 
that the report give explicit discussion to existing methods for dealing with such 
issues as autoregressive behavior and nonlinearities in trends, as already discussed in 
review comments on Chapter 2. 

e. The fifth recommendation concerns climate quality reanalyses. Just as for the 
third recommendation, this one needs to be reformulated or perhaps eliminated. It is 
not useful to state such a broad recommendation that has already been made in other 
contexts. If there are any specific recommendations that would help address the 
temperature trend problem, then they should be formulated. Possibilities would 
include careful documentation about what assimilation data is actually assimilated 
into the model as a function of space and time, data assimilation experiments, etc. 

f. The sixth recommendation concerns metadata. It seems that this issue is (or 
easily could be) covered in the first recommendation. It is not clear that accessibility 
of the data is a major issue. 

g. The seventh recommendation concerns education. This recommendation is 
very diffuse and is not motivated by the previous chapters. It is hard to disagree with 
the statement that education in our field should include a stronger emphasis on the 
proper use of statistics and error analysis. However, this point could easily be 
incorporated into the second recommendation. 

h. An outstanding omission in terms of recommendations is the need for better 
methods to sense temperature or related variables from satellites, such as using 
instruments that are self calibrating, sounders with more channels for better vertical 
resolution, and the use of proxy measures such as refractive index and spectral TOA 
radiance. 
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SPECIFIC COMMENTS 
 

1. In lines 79-80, it is the committee’s understanding that the U.S. Climate 
Reference Network been shelved or at least stalled. 

2. Most countries do not know about the GCOS Monitoring Principles, mentioned in 
lines 87-88. 

3. Many of the recommendations in lines 150-160 may be difficult to achieve based 
on cost considerations. The GCOS aim is to get the data first, then work on metadata. 
Getting pictures of sites will only be useful if they are taken at regular intervals.  

4. In lines 198-199, there is a GCOS working group of the Ocean Observing Panel 
for Climate (OOPC) and the Atmospheric Observing Panel for Climate (AOPC) looking 
at Sea Surface Temperature biases. 

5. In line 287, locating the reference sonde stations for comparison with satellite 
overpasses requires observations at different times at each station. Thus, the CCSP 
authors may want to reconsider this recommendation. 

6. Better use of statistics is needed in lines 366-369.  
7. In lines 402-407, there are at least two comments on Kalnay and Cai (2003) and 

there should also be a reference to Simmons et al. (2004). Several criticisms of the 
Kalnay and Cai approach have been identified. 

8. The recommendations for “tightly constraining” the dataset for reanalyses in line 
425 is not possible or wise owing to continual changes in all observations, including 
sondes. 
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1. Overview: Description of Topic, Audience, Intended Use, and Questions to Be 

Addressed  
 

Independently produced data sets that describe the four-dimensional temperature 
structure from the surface through the lower stratosphere provide different temperature 
trends. These differences are seen in varying degrees in comparisons of separate in situ 
(surface and weather balloon) data sets, in comparisons of separate space-based data sets, 
and in comparisons of individual data sets drawn from the different observational 
platforms and different trend analysis teams.  

This CCSP synthesis and assessment product will address the accuracy and 
consistency of these temperature records and outline steps necessary to reconcile 
differences between individual data sets. Understanding exactly how and why there are 
differences in temperature trends reported by several analysis teams using differing 
observation systems and analysis methods represents a necessary step in reducing the 
uncertainties that underlie current efforts focused on the detection and quantification of 
surface and tropospheric temperature trends. Consequently, this synthesis and assessment 
product promises to be of significant value to decisionmakers, and to the expert scientific 
and stakeholder communities. For example, we expect this assessment to be a major 
contributor to the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment 
Report (due to be published in 2007). In addition, we expect the information generated 
will be used by the Global Climate Observing System Atmospheric Observation Panel to 
help identify effective ways to reduce observational uncertainty.  

Recent efforts to address the uncertainties regarding the temperature structure of 
the lower atmosphere (i.e., from the surface through the lower stratosphere) have included 
release of a report under the auspices of the National Research Council (NRC) entitled 
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“Reconciling Observations of Global Temperature Change” (NRC, 2000) and the IPCC 
Third Assessment Report (IPCC, 2001, pp 101-123). Although these documents provided 
a great deal of useful information, the complexities of the issue coupled with shortcomings 
of the available observing systems prevented resolution of a number of fundamental 
questions, including:  
 

1. Why do temperatures vary vertically (from the surface to the stratosphere) and 
what do we understand about why they might vary and change over time?  

2. What kinds of atmospheric temperature variations can the current observing 
systems measure and what are their strengths and limitations, both spatially and 
temporally? 

3. What do observations indicate about the changes of temperature in the atmosphere 
and at the surface since the advent of measuring temperatures vertically? 

4. What is our understanding of the contribution made by observational or 
methodological uncertainties to the previously reported vertical differences in temperature 
trends?  

5. How well can the observed vertical temperature changes be reconciled with our 
understanding of the causes of these changes? 

6. What measures can be taken to improve the understanding of observed changes? 
 

These questions provide the basis for the six main chapters in the synthesis and 
assessment product. They highlight several of the fundamental uncertainties and 
differences between and within the individual components of the existing observational 
and modeling systems. The responses to the questions will be written in a style consistent 
with major international scientific assessments [e.g., IPCC assessments, and the Global 
Ozone Research and Monitoring Project (WMO, 1999)]. 
 
 
2. Contact Information: Email and Telephone for Responsible Individuals at the 

Lead and Supporting Agencies 
 

NOAA is the lead agency for this synthesis product. Relevant agency personnel are 
presented in the following table:  
 
CCSP Member Agency  Agency Leads  
DOC (NOAA)  Tom Karl/Chris Miller/Bill Murray  
DOE  Rick Petty  
NASA Eric Fetzer 
NSF Jay Fein 
 
 
3. Lead Authors: Required Expertise and Biographical Information  
 

A list of lead author nominees was identified based on past records of interest and 
accomplishment in framing the core issues related to changes, trends, and uncertainties in 
the lower atmospheric temperature records, advancing relevant scientific arguments, and 
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contributing to increased understanding of the behavior of respective components of the 
end-to-end system that provides the required data sets. Past contributions to relevant 
scientific assessments, success in peer-reviewed proposal funding competitions, and 
publication records in refereed journals are among the measures used in the selection 
process. The lead authors selected on the basis of these criteria are listed below. Chapter 
assignments and biographical information are presented in Appendix A.  
 

Lead Authors 
 
John Christy (University of Alabama/Huntsville) 
Chris Folland, (Hadley Centre, U.K. Met Office) 
Chris Forest (Massachusetts Institute of Technology) 
Jim Hurrell (National Center for Atmospheric Research) 
John Lanzante (NOAA/Geophysical Fluid Dynamics Laboratory) 
Carl Mears (Remote Sensing Systems) 
Jerry Meehl (National Center for Atmospheric Research)  
David Parker (U.K. Met Office) 
Joyce Penner (U. Michigan) 
Thomas C. Peterson (NOAA/National Climatic Data Center) 
Roger Pielke Sr. (Colorado State University) 
V. Ramaswamy (NOAA/ Geophysical Fluid Dynamics Laboratory) 
Dick Reynolds (NOAA/ National Climatic Data Center) 
Ben Santer (Lawrence Livermore National Laboratory) 
Dian Seidel (NOAA Air Resources Laboratory) 
Steve Sherwood (Yale University) 
Roy Spencer (U. Alabama-Huntsville) 
Peter Thorne (U.K. Met Office/Hadley Centre) 
Kostya Vinnikov (University of Maryland) 
Russell S. Vose (NOAA/ National Climatic Data Center) 
Frank Wentz (Remote Sensing Systems  
Tom M.L. Wigley (National Center for Atmospheric Research) 

 
 
4. Stakeholder Interactions 
 

The questions addressed by the report were framed by the lead agency with the 
benefit of consultation from members of the Climate Change Science Program (CCSP) 
Office, the NOAA Science Advisory Board Climate Monitoring Working Group1, and 
participants at a workshop on Reconciling Vertical Temperature Trends that was held at 
NOAA’s National Climatic Data Center (NCDC) on 27-29 October 2003, and attended by 
55 scientific experts from academia, the U.S. government, the private sector, and several 

                                                 
1 The NOAA Science Advisory Board Climate Monitoring Working Group, which has since been merged 
with the Climate and Global Change Working Group, was charged to provide, in the context of national 
and international activities, scientific advice and broad program direction to NOAA on the condition and 
capabilities of NOAA’s observing systems/data management systems for the purpose of climate 
monitoring. 

Copyright © National Academy of Sciences. All rights reserved.

Review of the U.S. Climate Change Science Program’s Synthesis and Assessment Product��on Temperature Trends in the Lower Atmosphere 
http://www.nap.edu/catalog/11285.html

http://www.nap.edu/catalog/11285.html


52 APPENDIX A 

  

scientific experts from other countries. The workshop was designed to address a broad 
range of issues related to vertical temperatures trends, and it provided a scientific 
foundation for the development of this CCSP synthesis product. The workshop 
presentations and results of breakout groups are posted on <http://www.ncdc.noaa.gov/ 
oa/rvtt.html>. The workshop assessed the current state of knowledge on this topic, 
identified near-term and long-term steps to address existing uncertainties, and provided a 
framework for a synthesis and assessment product structured around the six questions 
listed above. 

In addition, Principals on the CCSP Interagency Committee provided input from a 
governmental perspective during the CCSP review, and other stakeholders provided input 
during the public comment period (see <http://www.climatescience.gov/Library/sap/ 
sap1-1/sap1-1prospectus-comments.htm> for a collation of the comments submitted 
during public comment period). 
 
 
5. Drafting, Including Materials to be Used in Preparing the Product 
 

The lead NOAA focal point is the Product 1.1 Chief Editor. The assistant NOAA 
focal points serve as Associate Editors. The core of a scientific author team presented in 
Appendix A has been drawn from the participants in the workshop described above. This 
core group has been supplemented with a number of individuals who have made major 
contributions to our present understanding of the issues related to vertical temperature 
change.  

Under the leadership of a convening lead author for each of the six chapters, this 
group of lead authors and contributors is charged with the preparation of the 
scientific/technical analysis section of the synthesis report. They will draw upon 
published, peer-reviewed scientific literature in the drafting process.  

The synthesis and assessment product will include an Executive Summary which 
will present key findings from Chapters 1-6. It will be written by a team consisting of a 
convening lead author assisted by the convening lead authors from each of the six 
chapters.  

The synthesis product will identify disparate views that have significant scientific 
or technical support, and will provide confidence levels for key findings, as appropriate.  

This synthesis and assessment product will pay special attention to addressing 
uncertainties and confidence levels in our statements regarding the temperature trends. We 
note that increased understanding of the complexities of the vertical temperature 
variability can lead to increased uncertainties regarding long-term behavior patterns. Just 
as independent data sets must be used for comparisons of results, the basic evaluation 
process must maintain appropriate degrees of separation; for example, data set developers 
should not be the only evaluators of data reliability in their products.  

The communication of uncertainties will be quantitative in many instances but, 
from discussion during the Asheville workshop, it is clear that expert judgment will also 
be used because standard statistical methods alone do not reflect the full range of 
uncertainty. Our intent is to follow the protocol developed in the IPCC (2001) assessment 
and subsequent updates provided by IPCC. 
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6. Review 
 

NOAA, the lead agency for this product, plans to present the document to an NRC 
expert committee for scientific review. The NRC Proposal (NAS Proposal No. 04-DELS-
385-01) to conduct the review states that the review will address the following issues: 
 

1. Are the goals, objectives, and intended audience of the product are clearly 
described in the document? Does the product address all the questions outlined in the 
prospectus? 

2. Are findings and recommendations are adequately supported by evidence and 
analysis? If any recommendations are based on value judgments or the collective 
opinions of the authors, is this acknowledged and are adequate reasons given for reaching 
those judgments? 

3. Are the data and analyses handled competently? Are the statistical methods 
applied appropriately? Are the uncertainties and confidence levels evaluated and 
communicated appropriately? 

4. Are the document’s presentation and is organization effective? Are the questions 
outlined in the prospectus addressed and communicated in a manner that is appropriate 
for the intended audience? 

5. Is the document scientifically objective and policy neutral? Is it consistent with 
the scientific literature, including recent NRC reports and other scientific assessments on 
the same topic? 

6. Does the summary concisely and accurately describe the content, key findings, 
and recommendations? Is it consistent with other sections of the document? 

7. What other significant improvements, if any, might be made in the document?  
 

The period of performance for the review is expected to be approximately January 
to April 2005. 

Following expert review, the lead authors will revise the draft product by 
incorporating comments and suggestions from the reviewers, as the lead authors deem 
appropriate. 

Following this revision, the draft product will be released for public comment. 
The public comment period will be 45 days and will take place from 1 June to 15 July 
2005. 

The lead authors will prepare a third draft of the product, taking into consideration 
the comments submitted during the public comment period. The scientific judgment of 
the lead authors will determine responses to the comments.  

Once the revisions are complete, the lead agency will submit the synthesis and 
assessment product to the CCSP Interagency Committee for approval. If the CCSP 
Interagency Committee determines that further revision is necessary, their comments will 
be sent to the lead agency for consideration and resolution by lead authors. If needed, the 
NRC will be asked to provide additional scientific analysis to bound scientific uncertainty 
associated with specific issues.  

If the CCSP Interagency Committee review determines that no further revisions 
are needed and that the product has been prepared in conformance with the Guidelines for 
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Producing CCSP Synthesis and Assessment Products (see 
<http://www.climatescience.gov/Library/sap/sap-guidelines.htm>) and the Data Quality 
Act (including ensuring objectivity, utility, and integrity as defined in 67 FR 8452), they 
will submit the product to the National Science and Technology Council (NSTC) for 
clearance. Clearance will require the concurrence of all members of the Committee on 
Environment and Natural Resources. Comments generated during the NSTC review will 
be addressed by the CCSP Interagency Committee in consultation with the lead and 
supporting agencies and the lead authors.  
 
 
7. Related Activities: Coordination with Other National or International 

Assessment Processes  
 

This CCSP synthesis and assessment product has been coordinated internationally 
with a U.K. Met Office workshop on understanding vertical profiles of temperature trends 
conducted in September 2004 in Exeter, England. The coordination included presentations 
in Exeter by the synthesis and assessment product lead authors to provide an interim look 
at progress on addressing each of the key questions. There is also ongoing coordination 
with a newly constituted Global Climate Observing System (GCOS)/Atmospheric 
Observations Panel for Climate (AOPC) Working Group on Reconciling Vertical 
Temperature Trends. The synthesis and assessment product is expected to provide input to 
the IPCC Fourth Assessment Report.  
 
 
8. Communications 
 

NOAA, the lead agency, will produce and release the completed product using a 
standard format for all CCSP synthesis and assessment products. The final product and the 
comments received during the expert review and the public comment period will be 
posted, without attribution (unless specific reviewers agree to attribution), on the CCSP 
web site. 

The lead authors will also be encouraged to publish their findings in the scientific 
literature. 
 
 
9. Proposed Timeline  
 

Preparation of this synthesis and assessment product has been underway during 
completion of this prospectus because of the time required to finalize the overall 
Guidelines for Producing CCSP Synthesis and Assessment Products. This approach was 
taken in order to coordinate work on the product with other international efforts, in 
particular, so the product could be completed in time to provide an input to the IPCC 
Fourth Assessment Report. Comments received on the draft prospectus were taken into 
account in the process, and all procedures used in preparing the report have been adjusted 
to be consistent with those mandated by the Guidelines.  

The timeline is divided into two phases. The planned completion date for Phase 1, 
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which will result in the submission of the first draft of the synthesis product for scientific 
review by the National Research Council, is January 2005. The planned completion date 
for Phase 2, which will culminate with approval of the synthesis product by the 
President’s National Science and Technology Council, is October 2005. Specific 
milestones follow.  
 

PHASE 1  
• Lead authors nominated – July 04  
• Synthesis product prospectus released for public comment – July 04 
• First lead author meeting – August 04 
• Second lead author meeting – October 04 
• Third lead author meeting – December 04  
• Synthesis product first draft submitted for NRC scientific review – January 05  
 
PHASE 2  
• NRC review completed – April 05 
• Synthesis product second draft released for public comment – 1 June 2005  
• Public comment period completed– 15 July 2005  
• Synthesis product third draft and compilation of comments submitted to CCSP 

Principals – August 05 
• Synthesis product accepted by CCSP and submitted to NSTC for final review and 

approval – September 05  
• Synthesis product approved by NSTC – October 05  
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B 
 

Committee to Review the U.S. Climate Change Science 
Program’s Synthesis and Assessment Product on 
Temperature Trends in the Lower Atmosphere  

Statement of Task 
 
 
 
 
The Committee will review the Climate Change Science Program’s draft synthesis and 
assessment product on “Temperature Trends in the Lower Atmosphere: Steps for 
Understanding and Reconciling Differences.” The committee will consider the following 
questions, among others, as it conducts its review: 
 

1. Are the goals, objectives, and intended audience of the product clearly described 
in the document? Does the product address all the questions as outlined in the 
prospectus?  

2. Are the findings and recommendations adequately supported by evidence and 
analysis? If any recommendations are based on value judgments or the collective 
opinions of the authors, is this acknowledged and are adequate reasons given for reaching 
those judgments? 

3. Are the data and analyses handled competently? Are statistical methods applied 
appropriately? Are uncertainties and confidence levels evaluated and communicated 
appropriately? 

4. Are the document’s presentation and organization effective? Are the questions 
outlined in the prospectus addressed and communicated in a manner that is appropriate 
for the intended audiences? 

5. Is the document scientifically objective and policy-neutral? Is it consistent with 
the scientific literature, including recent NRC reports and other scientific assessments on 
the same topic? 

6. Does the summary concisely and accurately describe the content, key findings, 
and recommendations? Is it consistent with other sections of the document? 

7. What significant improvements, if any, might be made in the document? 
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C 
 

Committee and Staff Biographies 
 
 
 
 
 

William J. Randel (Chair), is a senior scientist at the National Center for Atmospheric 
Research. His research interests include dynamic variability and climatology of the 
stratosphere and the observed variability of trace constituents in the middle atmosphere 
using satellite observations. He has contributed to the WMO/UNEP (World 
Meteorological Organization/United Nations Environment Programme) Assessments of 
ozone and temperature trends in the stratosphere and is actively involved with a number 
of SPARC (Stratospheric Processes and their Role in Climate) activities. He is a lead 
author on the recently completed IPCC Special Report on Safeguarding the Ozone Layer 
and the Global Climate System, and a member of the scientific steering group for the 
Network for the Detection of Stratospheric Change (NDSC). He has also served as chair 
of the American Geophysical Union’s Committee on Atmospheric Dynamics and the 
American Meteorological Society’s Committee on the Middle Atmosphere and is a 
member of the NRC’s Board on Atmospheric Sciences and Climate. Dr. Randel received 
his Ph.D. in physics from Iowa State University. 
 
Judith A. Curry is Chair of the School of Earth and Atmospheric Sciences at the 
Georgia Institute of Technology. Her research interests include remote sensing, climate 
of the polar regions, atmospheric modeling, and air/sea interactions. She participates in 
the World Meteorological Organization’s World Climate Research Program, was a 
member of the Science Steering Group of the Arctic Climate System (ACSYS) Program, 
and chairs the Global Energy and Water Cycle Experiment (GEWEX) Cloud System 
Studies Working Group on Polar Clouds. She co-chaired the Surface Heat Budget of the 
Arctic Ocean (SHEBA) program’s Science Working Group. Dr. Curry previously served 
on two NRC Committees: the Polar Research Board’s Committee to Review NASA’s 
Polar Geophysical Data Sets and the Board on Atmospheric Sciences and Climate’s Panel 
on Coastal Meteorology. She holds a Ph.D. in Geophysical Sciences from the University 
of Chicago. She is currently a member of the Board on Atmospheric Sciences and 
Climate’s Climate Research Committee. 
 
Dennis L. Hartmann is a professor and chair of the Department of Atmospheric 
Sciences at the University of Washington. His research includes low-frequency 
variability in the atmosphere and climate system and research climate change. His 
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climate research focuses on the interaction of dynamics, radiation, and cloud processes, 
and their roles in determining the sensitivity of the global climate to forcings such as 
increasing carbon dioxide or aerosol burden. Recent work has resulted in a “Fixed Anvil 
Temperature” or FAT Hypothesis, that indicates that on the basis of fundamental physical 
processes the temperature at the tops of tropical anvil clouds should remain about the 
same during climate change. In the area of dynamics, he is currently interested in the 
atmospheric dynamical processes that give rise to intrinsic low-frequency variability, 
especially the interaction of transient and stationary waves with zonal jets in middle 
latitudes. Dr. Hartmann was a member of the NRC’s Climate Research Committee and 
Chair of the Panel on Climate Change Feedbacks. He received his Ph.D. in geophysical 
fluid dynamics from Princeton University.  
 
Phil Jones is the Director of the Climatic Research Unit (CRU) and a Professor in the 
School of Environmental Sciences at the University of East Anglia in Norwich, England. 
Dr. Jones completed a B.A. in Environmental Sciences at the University of Lancaster and 
an M.Sc. and Ph.D. at the Department of Civil Engineering at the University of 
Newcastle-upon-Tyne. His research has focused in instrumental climate change, 
paleoclimatology, detection of climate change and the extension of riverflow records in 
the United Kingdom using long rainfall records. Dr. Jones is recognized for the time 
series of hemispheric and global surface temperatures, which he updates on a monthly 
basis. He has coedited four books: Climate Since A.D. 1500 (with Ray Bradley); Climatic 
Variations and Forcing Mechanisms of the Last 2000 Years (with Ray Bradley and Jean 
Jouzel); History and Climate: Memories of the Future (with Astrid Ogilvie, Trevor 
Davies and Keith Briffa) and Improved Understanding of Past Climatic Variability from 
Early European Instrumental Sources (with Dario Camuffo). Dr. Jones has been a fellow 
of the Royal Meteorological Society since 1992 and was on the Editorial Committee of 
the International Journal of Climatology until 1995. Currently, he is on the editorial board 
of Climatic Change, an elected member of Academia Europaea since 1998 and a member 
of the American Meteorological Society since 2001. He was jointly awarded the Hugh 
Robert Mill Medal in 1995 by the Royal Meteorological Society for work on U.K. 
rainfall variability, and in 1997 the Outstanding Scientific Paper Award by the 
Environmental Research Laboratories/NOAA for being a coauthor on the paper “A 
search for Human Influences on the Thermal Structure of the Atmosphere,” by Ben 
Santer et al. in Nature, 382, 39-46 (1996). Most recently Dr. Jones was awarded the first 
Hans Oesschger Medal from the European Geophysical Society (now the European 
Geosciences Union) in 2002 and the International Journal of Climatology prize of the 
Royal Meteorological Society for papers published in the last five years, also in 2002.  
 
Kenneth Kunkel is Head of the Atmospheric Environment Section at the Illinois State 
Water Survey. He has also served as Director of the Midwestern Regional Climate Center 
and Director of the Office of Applied Climatology. Dr. Kunkel’s research interests 
include climate variability and change, climate extremes, and boundary layer 
meteorology. He has considerable experience working with U.S. surface climate datasets 
and has published a number of papers on analysis of such datasets. In addition, Dr. 
Kunkel has knowledge of the limitations and proper use of surface temperature data. 
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Richard S. Lindzen is Sloan Professor of Meteorology in the Department of Earth, 
Atmospheric and Planetary Sciences at Massachusetts Institute of Technology. Professor 
Lindzen is a dynamical meteorologist with interests in the broad topics of climate, 
planetary waves, monsoon meteorology, planetary atmospheres, and hydrodynamic 
instability. His research involves studies of the role of the tropics in mid-latitude weather 
and global heat transport, the moisture budget and its role in global change, the origins of 
ice ages, seasonal effects in atmospheric transport, stratospheric waves, and the 
observational determination of climate sensitivity. He has made major contributions to 
the development of the current theory for the Hadley Circulation, which dominates the 
atmospheric transport of heat and momentum from the tropics to higher latitudes, and has 
advanced the understanding of the role of small scale gravity waves in producing the 
reversal of global temperature gradients at the mesopause. He pioneered the study of how 
ozone photochemistry, radiative transfer and dynamics interact with each other. He is 
currently studying the ways in which unstable eddies determine the pole to equator 
temperature difference, and the nonlinear equilibration of baroclinic instability and the 
contribution of such instabilities to global heat transport. He has also been developing a 
new approach to air-sea interaction in the tropics, and is actively involved in 
parameterizing the role of cumulus convection in heating and drying the atmosphere. He 
has developed models for the Earth’s climate with specific concern for the stability of the 
ice caps, the sensitivity to increases in CO2, the origin of the 100,000 year cycle in 
glaciation, and the maintenance of regional variations in climate. In cooperation with 
colleagues and students, he is developing a sophisticated, but computationally simple, 
climate model to test whether the proper treatment of cumulus convection will 
significantly reduce climate sensitivity to the increase of greenhouse gases. Professor 
Lindzen is a recipient of the AMS’s Meisinger and Charney Awards, and the AGU’s 
Macelwane Medal. He is a consultant to the Global Modeling and Simulation Group at 
NASA’s Goddard Space Flight Center and a Distinguished Visiting Scientist at 
California Institute of Technology’s Jet Propulsion Laboratory. He received his Ph.D. 
from Harvard University. Dr. Lindzen is a member of the National Academy of Science.  
 
Richard L. Smith is a Professor of Statistics at the University of North Carolina, Chapel 
Hill. Dr. Smith received his Ph.D. from Cornell University in 1979 and has previously 
held academic positions at Imperial College (London), the University of Surrey 
(Guildford, England) and Cambridge University. His principal areas of research are 
spatial statistics, time series analysis, extreme value theory, and Bayesian statistics. 
Specific areas of expertise include spatial and time series modeling of environmental 
pollutants, the health effects of atmospheric pollution, the statistics of global climate 
change, and extreme values in insurance and finance. He is a Fellow of the American 
Statistical Association and the Institute of Mathematical Statistics, an Elected Member of 
the International Statistical Institute, and has won the Guy Medal in Silver of the Royal 
Statistical Society, and the Distinguished Achievement Medal of the Section on Statistics 
and the Environment, American Statistical Association. In 2004 he was the J. Stuart 
Hunter Lecturer of The International Environmetrics Society (TIES). He is also a 
Chartered Statistician of the Royal Statistical Society. Dr. Smith is a statistician with a 
particular interest in climatology and environmental change with published papers in both 
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statistics and climatology journals on testing the significance of climate trends and their 
relation to climate models.  
 
John Michael Wallace is a Professor in the Department of Atmospheric Sciences at the 
University of Washington. Dr. Wallace’s research has been directed at improving 
understanding of global climate and its year-to-year and decade-to-decade variations, 
making use of observational data. He has contributed to the identification and 
understanding of a number of atmospheric phenomena, including the vertically 
propagating planetary waves that drive the quasi-biennial oscillation in zonal winds in the 
equatorial stratosphere, the 4-5-day period easterly waves that modulate daily rainfall 
over the tropical oceans, and the dominant spatial patterns in month-to-month and year-
to-year climate variability, including the one through which the El Niño phenomenon in 
the tropical Pacific influences climate over North America. He has also contributed to the 
methodology for isolating systematic space-time patterns in noisy geophysical data. 
Presently, Dr. Wallace is attempting to assess the extent to which human activities are 
contributing to recent climatic trends such as the pronounced wintertime warming over 
Russia and Alaska. In 2000, he chaired the NRC Panel on Reconciling Temperature 
Observations. Dr. Wallace is a member of the National Academy of Sciences. 
 
Junhong Wang is a scientist at the National Center for Atmospheric Research. Dr. Wang 
earned her Ph.D. in Atmospheric Science from Columbia University. Her expertise on 
climate observations and measurement, especially related to radiosonde observations, and 
on weather and climate variability is particularly relevant to this study. Dr. Wang has 
used global radiosonde data to study cloud vertical structure and has been working on 
understanding and improving radiosonde humidity measurements. Currently, she is 
continuing her work towards developing future reference radiosondes for global climate 
observations. 
 
 

STAFF 
 
Chris Elfring is director of the Polar Research Board (PRB) and the Board on 
Atmospheric Sciences and Climate (BASC). She is responsible for all aspects of strategic 
planning, project development and oversight, financial management, and personnel for 
both units. Since joining the PRB in 1996, Ms. Elfring has overseen or directed studies 
that produced the following reports: Frontiers in Polar Biology in the Genomics Era 
(2003), Cumulative Environmental Impacts of Oil and Gas Activities on Alaska’s North 
Slope (2003), A Century of Ecosystem Science: Planning Long-term Research in the Gulf 
of Alaska (2002), and Enhancing NASA’s Contributions to Polar Science (2001). In 
addition, she is responsible for the Board’s activities as the U.S. National Committee to 
the Scientific Committee on Antarctic Research. 
 
Parikhit Sinha was a Program Officer for the Board on Atmospheric Sciences and 
Climate (BASC) until April 2005. He received a B.A. in environmental engineering 
sciences from Harvard University and a Ph.D. in atmospheric sciences from the 
University of Washington, Seattle. His doctorate research involved airborne 
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