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A B S T R A C T   

External review is a fundamental component of Global Environmental Assessments, ensuring their processes are 
comprehensive, objective, open and transparent, and are perceived as such. Here, we focus on review of Inter-
governmental Panel on Climate Change (IPCC) Assessment Reports. The review process has received little 
scrutiny, although review comments and author responses are public. Here we analyse review documents from 
the Fourth and Fifth Assessments, focusing primarily on Working Group II. We address three questions: Is the 
review representative? Is it comprehensive? Is it insightful? Overall we found the review process to be fit for 
purpose, although there are outstanding issues. First, the overwhelming majority of reviewers are from devel-
oped countries, although evidence suggests participation by developing country reviewers increased between the 
Fourth and Fifth Assessments. Second, earlier sections of chapters are more densely reviewed than later ones. 
This is true even when executive summaries are removed from analysis. In consequence, some sections on 
specialised topics may escape in-depth review. Thirdly, those review comments which are received make a valid 
and valuable contribution to the scientific development of chapters. We suggest how outstanding issues could be 
addressed, including through enhanced reviewer recognition, a wider role for review editors, adherence to 
mandated page lengths from early in the process, reviewer training, and consistency in reporting to allow sys-
tematic evaluation. Making such changes will result in more transparent, consistent and representative processes 
delivering reviews which effectively contribute to the credibility and legitimacy of future Global Environmental 
Assessments and, ultimately, their recognition and contribution.   
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1. Introduction 

Since the late 1970s, over 140 Global Environmental Assessments 
(GEAs) have been performed (Castree et al., 2020). Many papers have 
been written evaluating their successes and limitations as boundary 
work delivering useful and authoritative knowledge for policy devel-
opment. These include for UNEP’s Global Environmental Outlook 
(Riousset et al., 2017), the Millenium Ecosystem Assessment (Reid and 
Mooney, 2016), the Consultative Group of International Agricultural 
Research (Clark et al., 2016), and the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (Gustafsson and Lid-
skog, 2018; Beck et al., 2014; Hughes and Vadrot, 2019). However, in 
part because of its longevity and critical role in the development of in-
ternational policy around the existential threat of climate change, the 
focus of many analyses of GEAs and their effectiveness is the Intergov-
ernmental Panel on Climate Change (IPCC), which released its first 
report in 1990 and has recently completed its Sixth Assessment (Vardy 
et al., 2017; De Pryck, 2021). 

The procedures and purpose of the IPCC have been carefully exam-
ined and sometimes criticised over time (Beck and Mahony, 2017, 2018; 
Hughes and Paterson, 2019; Beck and Oomen, 2021; De Pryck, 2021). 
Scrutiny of procedures has included overarching recommendations to 
make the process more fit for purpose (InterAcademy Council, 2010; 
Stocker and Plattner, 2014), the challenge of dealing with a vastly 
expanding literature (Minx et al., 2017; Callaghan et al., 2020; 
Berrang-Ford et al., 2021), the difficulties of recruiting an authorship 
representative of topic, geography and gender (Ho-Lem et al., 2011; 
Corbera et al., 2015; Hughes and Paterson, 2017; Yamineva, 2017) and 
maintaining relevance (Livingston et al., 2018; Beck et al., 2014), the 
approach to treating uncertainties (and calibrated language) (Swart 
et al., 2009; Mastrandrea and Mach, 2011; Mach et al., 2017), and the 
role of the approval process (Edenhofer and Minx, 2014; Mach et al., 
2016). 

Originally, the purpose of IPCC Assessment Reports was to inform 
international policy development and, since its establishment in 1992, 
negotiations of the United Nations Framework Convention on Climate 
Change (UNFCCC). This role has evolved over time and the influence of 
IPCC reports has expanded into the mainstream of popular thinking 
around climate change (Mach and Field, 2017). The Paris Agreement of 
December 2015 is seen as a pivotal point at which the role of the IPCC 
shifted from assessing the scientific evidence for climate change to a 
focus on solutions (Beck and Mahony, 2017). It has been suggested that 
fundamental change is required if the needs of bodies such as the 
UNFCCC are to continue to be properly served by the IPCC in particular 
and GEAs in general (Beck et al., 2014; Kowarsch et al., 2017). 

A thread running through IPCC history, and common to the majority 
of GEAs, is some form of external review. A central precept of the IPCC is 
that assessments should be ‘comprehensive, objective, open and trans-
parent’ (IPCC, 2013a). Fundamental to achievement of these goals is the 
quality control provided by external review (Edwards and Schneider, 
1997; Castree et al., 2020). Despite the detailed scrutiny of the IPCC, as 
outlined above, only rarely has the role and contribution of external 
review been examined (InterAcademy Council, 2010; Kosolosky, 2015). 
The InterAcademy Council (2010) carried out an extensive independent 
review of IPCC governance, management and processes following the 
Fourth Assessment Report. It made recommendations regarding how 
review comments should be treated by authors, and how the process 
should be overseen by Review Editors. These have been influential in 
how subsequent assessments have been managed. 

In this paper, we explore the review process as it was undertaken in 
the IPCC Fourth and Fifth Assessments (AR4 and AR5 respectively). The 
analysis is based largely on publicly-accessible chapter drafts, review 
comments and author responses, which are not yet available for the 
Sixth Assessment (AR6) although the Assessment itself is largely com-
plete (at the time of writing, only the Synthesis Report is outstanding). 
Here, we aim to inform the subsequent debate about likely post-2022 

assessments. Many of the recommendations we make in Section 6.2 
apply not only to the IPCC, but to the wider body of GEAs. In particular, 
we address three questions:  

• Is the review representative? Do reviewers bring to the process the 
full breadth of knowledge around climate change? Is, for example, 
the review balanced in terms of the distribution of experts between 
the global north and south?  

• Is the review comprehensive? Are all sections of every chapter 
considered and fully reviewed?  

• Is the review insightful? Do review comments add value to the 
preparation of the next chapter draft, with respect to both scientific 
quality and policy relevance? 

Our analysis is primarily with respect to Working Group II (WG2), 
while also drawing on evidence from Working Groups I (WG1) and III 
(WG3). Although they have changed over time, for the AR4 and AR5 
considered here the titles for the working groups have remained the 
same: Working Group I (WG1) The Physical Science Basis; Working Group 
II (WG2) Impacts, Adaptation and Vulnerability; and Working Group III 
(WG3) Mitigation of Climate Change. 

2. The IPCC review process 

The assessment process itself and steps of the review are set out in the 
Principles Governing IPCC Work Appendix A (IPCC, 2013a). Each report 
starts with a structure developed by government-nominated experts, 
leading to a chapter outline which then becomes formally approved by 
governments. Over a period of around six years and through three 
formal review cycles (two for the chapters and a third devoted to the 
Summary for Policymakers), a global community of many thousands of 
scientists and government representatives creates the three WG vol-
umes, together with a Synthesis Report. 

There are two formal reviews of each chapter: expert review of the 
first-order draft (FOD) and expert and government review of the second- 
order draft (SOD). The final chapter drafts that are developed following 
the expert and government review then underpin the final government 
review of the Summary for Policymakers (SPM), which is carried for-
ward to a plenary meeting at which the SPM is ‘approved’ and the full 
report ‘accepted’ (IPCC, 2013a). Also, it has become expected that there 
will be a preliminary informal review of a zero-order draft by experts 
selected by, and including, participants in the current and previous as-
sessments. These steps were followed in the AR4 and AR5 and, more 
recently, in the AR6. 

Today, the process of recruitment for expert reviewers in both review 
rounds is very open, with potential reviewers asked to self-declare their 
expertise, including publications. Co-Chairs and WG Bureau members 
have some latitude in determining how the review will be conducted, 
mainly around the extent to which they proactively recruit reviewers, 
and the degree to which they define and screen for expertise. (Clearly 
the potential for gatekeeping exists, and could exclude valuable per-
spectives, for example from practitioners. We are not aware of any ex-
amples of individuals being excluded on the basis of their publication 
record). The degree of involvement of governments in the SOD review 
varies widely. Some governments are pro-active in recruiting reviewers 
from public sectors and universities and collating their comments (van 
der Veer et al., 2014), while many do not participate at all. 

At the start of each assessment, at least two review editors for each 
chapter are recruited at the same time as the author team. Their role is to 
‘assist the Working Group… Bureaux in identifying reviewers for the 
expert review process, ensure that all substantive expert and govern-
ment review comments are afforded appropriate consideration, advise 
lead authors on how to handle contentious/controversial issues and 
ensure genuine controversies are reflected adequately in the text of the 
Report’ (IPCC, 2013a). 

Review comments are collated into tables by the team managing the 
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assessment, generally termed the Technical Support Unit (TSU). Chapter 
authors are expected to respond to each comment, explaining the action 
taken, or why no action was deemed necessary. Once the Assessment is 
published, comments and author responses for the formal reviews are 
made public. To demonstrate the scale of the review, in the AR5, WG2 
received 19,598 comments on the FOD from 563 expert reviewers, and 
28,544 comments on the SOD from 452 expert reviewers and 33 gov-
ernments (IPCC, 2015). 

3. Is the review representative? 

We define representativeness as being the state in which ‘participants 

bring to the process the full breadth of knowledge around climate 
change’. This definition, although narrow, is appropriate in the context 
of the IPCC, whose role is defined as being ‘… to assess on a compre-
hensive, objective, open and transparent basis the scientific, technical 
and socio-economic information relevant to understanding the scientific 
basis of risk of human-induced climate change, its potential impacts and 
options for adaptation and mitigation.’ (IPCC, 2013a). 

Representativeness has many dimensions, characterised by, amongst 
others, gender identity, ethnicity, culture, country background and 
socio-economic status (Forrester, 2020; Amano et al., 2021). Published 
information in the assessment reports does not permit exploration of the 
vast majority of these: report annexes and appendices list contributors 

Fig. 1. Number of reviewers and contributors in the three IPCC WG assessments of the AR4 and AR5, as set out in the Assessment Report Annexes. Each graph shows 
the number for the ten countries contributing the largest number of reviewers/contributors for that assessment and WG. In the upper two rows, blue bars are the 
number of expert reviewers who did not contribute to the Assessment in other roles (e.g., as Lead Author), orange bars are reviewers who did have an additional role. 
In the bottom row, duplicates (i.e., where individuals are listed as both reviewers and contributors) have been removed. The central table shows, across all expert 
reviewers, the proportion with an additional role. Data sources: IPCC (2007a, b, c; 2013c; 2014b, c). 
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by country. This is the information we have available to assess 
representativeness. 

In the AR4, all WGs list contributors and reviewers separately, so that 
a consistent between-WG comparison of the origin of reviewers can be 
made (IPCC, 2007a, 2007b, 2007c). In the AR5, however, although WG1 
and WG3 repeat this pattern (IPCC, 2013b, 2013c,), WG2 has a single 
annex listing contributors and reviewers without distinction (IPCC, 
2014c). Hence, we look at reviewers plus contributors for all three WGs, 
and reviewers alone for WG1 and WG3. Hopefully this issue will not 
recur in the AR6 as the Panel-approved outlines for all three WGs specify 
separate annexes for listing contributors and reviewers. Finally (and 
excluding the WG2 AR5), we separated out reviewers who only under-
took that role from reviewers who had another role, such as Lead 
Authorship. 

The annexes provide the potential to track reasonably consistently 
the geographical representation of reviewers participating in the AR4 
and AR5 (see Figs. 1 and 2, Table 1). We found that:  

• The developed world is overwhelmingly dominant: 80% or more of 
reviewers are from developed countries in all AR4 WGs and in at 
least WG1 and WG3 of the AR5. WG2 and WG3 generally have more 
developing country reviewers. This pattern has also been noted 
among authors (Vardy et al., 2017; Hughes and Paterson, 2019).  

• The number of reviewers from each developing country is small, on 
average fewer than four (despite relatively large numbers of partic-
ipants from some countries, notably China). This compares with the 
average number from each developed country, generally around 30 
(see Table 1).  

• The United States is a clear leader in all WGs for both reviewers 
alone, and reviewers and contributors together. Together, four 
Anglophone developed countries, the United States, United 
Kingdom, Australia and Canada, contribute around half of reviewers 
for WG1 and WG2, and around a third for WG3.  

• Expert reviewers in WG2 and WG3 generally undertake the role 
without additional participation in the assessment: only around 10% 

have an additional role. However, for WG1 this figure rises to around 
one fifth (see Fig. 1).  

• There is growth in reviewer participation between the AR4 and AR5, 
in terms of number of reviewers and number of countries involved 
overall, and the scale of reviewer participation from developing 
countries. In WG3, for example, no developing country contributed 
more than 15 reviewers in the AR4, but in the AR5 China had 30 
reviewers and India 20. It is more difficult to make a comparison for 
WG2 because there are no separate figures for reviewers, but five 
developing countries contributed more than fifteen reviewers and 
authors/review editors to the AR5: China (92), India (53), South 
Africa (30), Mexico (23) and Brazil (19). Similar growth patterns are 
seen among authors (Hughes and Paterson, 2019; Standring and 
Lidskog, 2021). 

To explore more deeply, we focused on WG2 and categorised FOD 
and SOD review comments for four chapters representative of the sec-
toral, adaptation, regional and synthesis components of each WG2 
assessment, and present in both the AR4 and AR5 albeit under slightly 
different titles (see Table 2). WG2 review comments are available for the 
AR4 at https://archive.ipcc.ch/report/ar4/wg2/ and for the AR5 at 
https://archive.ipcc.ch/report/ar5/wg2/ (accessed 10 May 2021). 

There is considerable variation in the number of review comments in 
the four chapters analysed from the WG2 AR5 (Fig. 3). For example, in 
the SOD review, regional Chapter 27 has only half the number of com-
ments of the other three chapters. Across all four chapters assessed, TSU 
staff play an important role, their comments accounting on average for 
25% of comments across the four chapters in the two reviews. For 
Chapter 27, it is unlikely the FOD review would have been adequate 
without TSU participation, with only 391 comments of which almost 
half were from TSU staff. (Note that the TSU does not participate in the 
scientific review in all WGs and/or all assessments – this is a matter for 
individual Co-Chairs and Bureaux to decide). 

The analysis could not be exactly replicated for the AR4 because TSU 
comments were frequently blocked into a single cell in the review 
comment spreadsheet. We could explore the relative contributions from 

Fig. 2. (a) Cumulative number of expert reviewers against country of nationality as recorded in annexes to the AR4 and AR5; (b) as (a) but shown as a percentage of 
the total for each assessment report. Note that for AR5 WG2 the data are for reviewers and contributors (as discussed in the text). Data sources: IPCC (2007a, b, c; 
2013c; 2014b, c). 
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developed and developing country reviewers. The same contrasts 
observed in the AR5 occur in the AR4. On average across the FODs and 
SODs of the four chapters, 65% of comments are from developed 
countries and 35% from developing. The contribution from developed 
countries reaches a maximum of 94% for the Chapter 19 SOD and a 
minimum of 24% for the regional Chapter 13 FOD. 

Overall, the AR4 and AR5 assessment report reviews are dominated 
by a small number of developed countries and, in the WG2 AR5 at least, 
the TSU. For at least one chapter (WG2 AR5 Chapter 27 FOD), the 

participation of TSU staff was essential to ensure a proper review. There 
is a considerable improvement in developing country participation be-
tween the AR4 and AR5 (see Table 1) – a trend which hopefully will 
continue into the AR6. 

4. Is the review comprehensive? 

To address this, we analysed how review comments are distributed 
throughout individual chapters, to understand whether all sections had 
been equally considered by reviewers. 

The analysis was carried out for all chapters in the WG2 AR4 and AR5 
FOD and SOD review, using the WG2 chapter drafts and comments files 
from the IPCC website (available for the AR4 at https://archive.ipcc.ch/ 
report/ar4/wg2/ and for the AR5 at https://archive.ipcc.ch/report/ 
ar5/wg2/ (accessed 10 May 2021)). The process is as follows:  

• Pages in the main text of each chapter (excluding the title, table of 
contents and reference pages) were numbered and the numbers 
expressed as percentages of the total. The pages were then assembled 
into 5% blocks.  

• For each 5% block (which generally includes more than one actual 
page) the number of comments was counted. Where a comment 
referred to text spanning more than one block, it was attributed to 
the first.  

• The number of comments per 5% block was summed across all 
chapters in a particular WG, assessment and review. This provided 
20 datapoints for each of the WG2 AR4 FOD, WG2 AR4 SOD Expert, 
WG2 AR4 SOD Government, WG2 AR5 FOD, and WG2 AR5 SOD 
review (in the AR5, WG2 did not produce separate government and 
expert review comments files for the SOD). 

The chapter draft pdfs are arranged in different ways in the two as-
sessments. In the AR4, tables and figures are embedded in the text close 
to the point at which they are first referenced. In the AR5, the tables and 
figures follow the reference list, and the text flows continuously. This 
arrangement meant that tables and figures could not be considered in 
the comment counts for the AR5. It is therefore not possible to make a 
direct comparison between results for the two assessments. 

This approach allows understanding, at the WG level for each 
assessment, of the extent to which the review is a comprehensive 
exploration. Fig. 4a shows a clear downward trend in the number of 
review comments throughout chapters, suggesting that reviewers look 
in detail at the executive summaries and the opening pages, but tend to 
fall away as the chapter progresses. The analysis was repeated with 
executive summaries removed (Fig. 4b) on the hypothesis that the 
downward trend could be largely explained by reviewers focusing 

Table 1 
Individuals and countries participating in the AR4 and AR5 review process. Cells 
for ‘Individuals’ and ‘Countries’ show the number in the review for that cate-
gory, with the percentage of the total in parentheses. R/C = average number of 
reviewers per country. Aus = Australia; Can = Canada; EinT = Economies in 
Transition. Members of TSU are listed in the Assessment Report Annexes by their 
country of origin. Classification into developed/developing/EinT is based on UN 
(2014). This closely follows the UNFCCC classification into Annex I (developed) 
and non-Annex I (developing) nations, except that in UN (2014) Turkey is 
classed as developing and EinT countries are listed separately, whereas these are 
included in the UNFCCC Annex I. For the compilation of ‘Revie-
wers+contributors’, duplicates (i.e., where individuals are listed as both 
reviewer and contributor) have been removed. Data sources: IPCC (2007a, b, c; 
2013a; 2014b, c).  

AR4 

Reviewers TOTAL Developed Aus; Can; 
UK; USA 

Developing EinT 

WG1 Individuals 619 578 (93.4) 330 
(53.3) 

40 (6.5) 1 
(0.2)  

Countries 40 23 n/a 16 1  
R/C 15.5 25.1  2.5 1.0 

WG2 Individuals 1126 911 (80.9) 488 
(43.3) 

203 (18.0) 12 
(1.1)  

Countries 93 29 n/a 61 3  
R/C 12.1 31.4  3.3 4.0 

WG3 Individuals 468 408 (87.2) 124 
(26.5) 

59 (12.6) 1 
(0.2)  

Countries 52 24 n/a 27 1  
R/C 9.0 17.0  2.2 1.0 

AR5 
Reviewers TOTAL Developed Aus; Can; 

UK; USA 
Developing EinT 

WG1 Individuals 1090 949 (87.1) 538 
(55.6) 

135 (12.4) 6 
(0.6)  

Countries 56 27 n/a 27 2  
R/C 19.5 35.1  5.0 3.0 

WG3 Individuals 836 692 (82.8) 286 
(34.2) 

141 (16.9) 3 
(0.4)  

Countries 66 25 n/a 39 2  
R/C 12.7 27.7  3.6 1.5 

Contributors TOTAL Developed Aus; Can; 
UK; USA 

Developing EinT 

WG1 Individuals 553 477 (86.3) 298 
(53.9) 

67 (12.1) 9 
(1.6)  

Countries 43 23 n/a 19 1  
R/C 12.9 20.7  3.5 9.0 

WG3 Individuals 398 286 (71.9) 145 
(36.4) 

110 (27.6) 2 
(0.5)  

Countries 56 24 n/a 31 1  
R/C 7.1 11.9  3.6 2.0 

Reviewersþ
contributors 

TOTAL Developed Aus; Can; 
UK; USA 

Developing EinT 

WG1 Individuals 1643 1426 
(86.8) 

836 
(50.9) 

202 (12.3) 15 
(0.9)  

Countries 68 28 n/a 38 2  
R/C 24.2 50.9  5.3 7.5 

WG2 Individuals 2311 1856 
(80.3) 

1107 
(47.9) 

432 (18.7) 23 
(1.0)  

Countries 103 31 n/a 67 5  
R/C 22.4 59.9  6.5 4.6 

WG3 Individuals 1234 978 (79.3) 431 
(34.9) 

251 (20.3) 5 
(0.4)  

Countries 78 28 n/a 48 2  
R/C 15.8 34.9  5.23 2.5  

Table 2 
Representative chapters from the WG2 AR4 and AR5 used in analyses as spec-
ified in the text.  

Fourth Assessment Fifth Assessment  

No: Title: No: Title: Chapter ‘type’ 
(see text for 
explanation)  

5 Food, fibre, and forest 
products  

7 Food security and 
food production 
systems 

Sectoral  

13 Latin America  27 Central and South 
America 

Regional  

17 Assessment of 
adaptation practices, 
options, constraints and 
capacity  

15 Adaptation planning 
and implementation 

Adaptation  

19 Assessing key 
vulnerabilities and the 
risk from climate 
change  

19 Emergent risks and 
key vulnerabilities 

Synthesis  
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attention there. As Fig. 4b shows, even when executive summaries are 
removed, the downward trends persist. 

To quantify the extent of the trends, we averaged the percentages 
across the AR4 and AR5 FODs and SODs, and accumulated these aver-
ages. The results show that, on average, 35% of comments relate to the 
first quarter of each chapter, 61% of comments to the first half, and 82% 
to the first three-quarters (Fig. 4c). When executive summaries are 
excluded these figures reduce slightly but the bias towards early sections 
of chapters is still present. 

To explore further, we examined the distribution of comments by 
page for the eight chapters in Table 2. For each chapter, we began with 
the four highest- and four lowest-commented pages, each category 
representing about 10% of the total chapter length (excluding references 
and, for the AR5, tables and figures): across the AR4 and AR5 FODs and 
SODs for these four chapters, the average page length is 44. Where there 
was a tie we included the tied pages bringing the total of scrutinised 
pages to 75. 

Many pages with low comment counts are not of concern because, for 
example, they are context-setting or provide an overview of chapter 
content (in the eight chapters, 13% of lowest-commented pages in the 
AR4, 22% in the AR5) or are, in the case of the AR4 where tables are 
embedded, part of large multi-page tables where comments have been 
made on earlier pages (42% of lowest-commented pages). However, 
there are cases where relevant text has received few comments. Often, 
these cover topics which are highly specialised or tangential to the main 
topic of the chapter. For example, they may be boxes or case studies on 
specific issues or locales within a regional chapter (15% of lowest- 
commented pages in the AR4, 8% in the AR5). The remainder are 
main text, representing 30% of lowest-commented pages in the AR4 and 
70% in the AR5). 

Conversely, contentious issues may receive a very high number of 
comments, going beyond their significance or relevance to the chapter, 
and potentially creating a disproportionate effort for authors. A example 
is the topic of geo-engineering in the AR5 Chapter 19 which, while not a 
major focus of the chapter, received many comments (53 comments on 
1.5 pages of text in the FOD and 42 comments on one page in the SOD, 
compared to 10 comments/page average for the FOD text of Chapter 19 
and 16 comments/page average for the SOD text). 

Overall, there is a tendency for the number of review comments to 
drop away over the length of chapters. (Note there is no similar trend 
across chapters). Review Editors are well-positioned to check on this 
tendency and on whether all sections of the chapter have been 
adequately reviewed. In fact, for the AR6, a WG1 guidance note for 
Review Editors asks them to report on ‘areas or sections of chapters that 
appear to be under-reviewed’ (WG1 TSU undated). Similar guidance 
was provided to WG2 authors (Pereira, personal communication). 

5. Is the review insightful? 

Even where a chapter receives many well-distributed review com-
ments, these may still not support the authors to improve their chapter. 
Useful comments range from constructive criticism of structure, content 
and/or interpretation through to recommendations of relevant literature 
overlooked by authors, and suggestions for improving policy relevance. 
Less useful comments include those correcting spelling and punctuation 
errors, recommending inclusion of policy prescriptive commentary (a 
fundamental mantra of the IPCC is that assessments should be policy 
relevant but not policy prescriptive), or expressing personal opinions 
insufficiently supported by scientific evidence. 

For the four chapters in Table 2, we analysed the AR5 FOD and SOD 
comments to understand their content. We selected the AR5 because the 
structure of the review comment files is very straightforward, with one 
comment per table cell (in the AR4, and particularly for the TSU review, 
many separate comments are held in a single cell). 

After initial appraisal of the comments, and drawing on the typology 
developed by Mach et al. (2016), we devised a classification system 
based on 10 categories (left-hand column, Table 3). However, using this 
classification, the extent of the agreement between the two people 
performing the analsis was deemed unacceptably low. When the cate-
gories were merged into five (right-hand column, Table 3), the classi-
fication became much more straightforward and in consequence the 
level of agreement reached a satisfactory level. 

The five categories are: minor comments which include typographic 
corrections and statements of approval or disapproval requiring no ac-
tion, but also requests for policy recommendations which fall outside the 
IPCC’s mandate and therefore cannot be acted on; style comments sug-
gesting changes to improve structure and/or clarity; comments relating 
to references, e.g., missing, too old; policy-related comments; comments 
focusing on the science, e.g., related to the balance and currency of the 
discussion. 

Minor comments may be useful but do not contribute to the substance 
of the chapter. Style comments, although important for readability and 
hence potentially influential for relevance and usability, do not 
contribute to scientific content. The remaining three categories can 
potentially improve the chapter in terms of its scientific assessment of 
the literature, although there will be varying levels of insight and rele-
vance (not considered here). The reference category should improve the 
scope of the literature assessed and ensure its relevance (although re-
viewers’ desire to promote their own publications may negate the latter 
point). Policy comments should impose proper use of IPCC uncertainty 
language. They may support policy relevance while ensuring the chapter 
avoids being policy prescriptive (although we recognise the ultimate 
impossibility of maintaining this balance and the complications that 
ensue in its pursuit (Beck and Mahony, 2018; Oppenheimer et al., 
2019)). The science category should speak directly to scientific content – 

Fig. 3. Origin of review comments on four chapters (see 
Table 2) of the IPCC WG2 AR5. Bar length represents 
percentage of comments in that chapter. Comments are 
categorised according to whether they were submitted 
from a developed or developing country, by a member of 
the TSU, or other. ‘Other’ contains comments from inter-
national organisations or where a country affiliation could 
not be assigned because no country affiliation is provided 
for reviewers in the review spreadsheets, only their insti-
tution. Consequently, where a reviewer identified as, for 
example, ‘Independent’ or ‘Consultant’, no country affilia-
tion could be assigned, and the comment was classified as 
‘Other’. (The ‘Other’category is small: on average 6.3% of 
comments across four chapters and two reviews, rising to a 
maximum of 14% for the Chapter 7 FOD). In the SOD re-
view spreadsheets, government review comments were 
assigned to a country, expert review comments were 
treated as in the FOD. For data source see text.   
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that the chapter presents a balanced, informed, up-to-date assessment of 
the state-of-play of research and scientific debate around the chapter 
topic. 

Fig. 5 shows the results of the review comment classification. Across 
the four chapters, 48% of WG2 AR5 FOD comments and 54% of SOD 
comments fall into the science category, while just 13% of FOD com-
ments and 10% of SOD comments are classified as minor. The percent-
ages are broadly the same between the FOD and SOD, with slightly more 

Fig. 4. Number of comments against progress through all chapters in the WG2 
AR4 and AR5 FOD and SOD. (a) and (b) see text for construction method. The 
r-squared value for the regression of number of comments against 5% block is 
shown in the tables top right, together with the slope (comments/5% block) of 
the (linear) best-fit line. (c) the blue dot-dash line shows the number of com-
ments across all chapters in all WGs for both assessments, expressed as a per-
centage of the total in each 5% block and accumulated. The Executive Summary 
is included (the line for chapters without their executive summaries would be 
indistinguishable). The solid line represents the equal distribution of comments 
throughout all chapters. Dashed lines show percentage of comments at 25% of 
chapter length (blue), 50% (red) and 75% (green). The table (bottom right) 
shows percentage of total comments against averaged progress through chap-
ters. ES = Executive Summary. For data sources see text. 

Table 3 
Classification of review comments on four WG2 AR5 FOD and SOD chapters.  

Description/example Final 
classification 

No action:  
• Positive (praise)/negative (critical) comment without any 

concrete suggestion for change  
• Policy prescriptive comment e.g. request for authors to make a 

policy recommendation  
• A long reflective comment lacking any suggestion for action 

Minor 

Typographic adjustment:  
• Correcting typo/grammatical error/typographic repetition (e. 

g. and and)  
• Requesting italicisation of IPCC uncertainty terminology  
• Correcting cross reference (e.g. traceability reference)  
• Commenting that reference cited in text is not present in 

reference list 

Scientific rigour:  
• Questioning a statement in the chapter on scientific grounds  
• Requesting additional discussion/addition of an alternative 

perspective  
• Questioning accuracy of definitions 

Science 

Balance and agreement:  
• Request to   

o adjust balance of examples from developing vs developed 
countries  

o maintain balance between this chapter and other chapters/ 
other WGs  

o check on agreement between the chapter and Executive 
Summary   

• Comment on failure to stress importance of some drivers etc./ 
exaggeration of drivers, impacts etc. (i.e. scientific balance) 

Content:  
• Suggesting the addition or subtraction of specific material  
• Providing a specific example or figure with a request to include  
• Requesting an example (but does not offer one) 

Reference:  
• Pointing to a specific reference with request to include  
• Request to include a reference (but does not suggest one)  
• Commenting that there are too many references/references are 

too old/references are inappropriate 

Reference 

Clarity:  
• Suggesting text change/rewording to increase readability or 

improve understanding  
• Commenting on clarity of definitions (the definition is unclear) 

with or without suggestion for change 

Style 

Structure:  
• Request to move material between sections  
• Request to remove repetition between sections  
• Comment that there are large gaps e.g. add a whole section 

(comments on small gaps are classified under Content) 

Policy relevance:  
• Request to include discussion of policy-relevant implications 

or dimensions  
• Comment on use of non-objective language e.g. ‘alarming’ 

Policy 

IPCC-related:  
• Request to add IPCC uncertainty language  
• Comment on lack of agreement between definitions used and 

IPCC definitions  
• Request to use conditional language (e.g. climate change may, 

not climate change will)  
• Request to avoid ad hoc use of words associated with IPCC 

uncertainty language where not used in that context  
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minor comments and slightly fewer science comments in the FOD 
compared to the SOD - possibly reflecting the respective levels of chapter 
development. Chapter 19 is something of an outlier, with 25% minor 
comments and 37% science comments in the FOD, but this changes in the 
SOD with 12% and 56% comments respectively – again possibly a 
function of chapter development. Overall, for the four sample chapters 
considered, minor and style comments combined contribute 30% to the 
total, while the remaining 70% are in the science, reference and policy 
categories: we can reasonably infer that the content of the review 
comments is useful to the scientific development of chapter drafts. 

6. Discussion 

6.1. Analysis results 

Clark et al. (2002) stated ‘The most influential assessments are those 
… perceived by a broad array of actors to possess … saliency, credibility 
and legitimacy.’ A review process which is effective, and seen to be such, 
is fundamental to the achievement of these attributes: to ensure the 
scientific quality of the assessment, review should be comprehensive, 
in-depth and performed by experts representative of the global science 
community. In this paper we have explored the extent to which the AR4 
and AR5 FOD and SOD reviews fulfilled these expectations. 

We find, first, that the bulk of reviewers come from a few developed 
countries. Developing countries were underrepresented, and many only 
contribute one or two reviewers. For example, in the WG2 AR5, 67 
developing countries contributed expert reviewers but, of these, 37 
contributed only one or two individuals. Of course, some developing 
countries have very small populations (e.g., some Pacific Island nations) 
so that the potential pool of experts is small. These patterns match 
earlier findings around representativeness of authors (Corbera et al., 
2015). The writing and review of IPCC reports is carried out in the En-
glish language, which can create barriers for potential expert reviewers 
(Amano et al., 2021). There is evidence that the contribution of re-
viewers from developing countries, especially those that have invested 
substantially in climate science research such as China and India, grew 
substantially between the AR4 and AR5. Second, there is a clear ten-
dency for the earlier sections of chapters to be more heavily reviewed. 
Although absence of comments does not necessarily imply inadequate 
review, there is the possibility that some topics receiving relatively few 
comments (such as focused case studies requiring specialist reviewers) 
were not adequately reviewed. Third, we inspected the content of review 
comments and found that the majority contribute to the scientific 
development of chapters. In passing, we note that there is a paper to be 
written about the responses of authors to review comments, since the 
quality of those responses is a further indicator of the comprehensive-
ness and contribution of the review process, but this is not that paper. 

Overall, then, those review comments which are received make an 

effective contribution to chapter development. They are key to the 
univocality of the assessment – the degree to which it can speak in a 
single voice in representing current scientific understanding (Oppen-
heimer et al., 2019). In terms of the saliency, credibility and legitimacy 
of the assessment, the review contributes to saliency through the 
involvement of governments in the SOD review, to credibility because 
the bulk of comments contribute to the scientific development of 
chapters, and to legitimacy because the process is defined, transparent 
and approved. 

6.2. Recommendations 

There is work to be done to strengthen the positive attributes of the 
review process and counter any negatives, ensuring on one hand that 
chapters are fully reviewed from beginning to end, and reviewers are 
drawn from a wider constituency, while on the other that the process 
does not become excessively expensive and cumbersome (De Pryck, 
2021). What practical end-to-end changes can be made to the review 
process to achieve these goals? 

6.2.1. Recruiting diverse reviewers 
How can the IPCC in particular, and GEAs more widely, broaden 

participation in their reviews? Here, we have focused on contrasts be-
tween developed and developing world participation, but there are 
many aspects to representativeness including gender, the voices of local 
and Indigenous knowledge (Beck et al., 2014) as well as participation by 
non-governmental organisations, business, and industry (Howarth et al., 
2017). The issue has been touched on tangentially by the IPCC’s own 
‘Task Force on the Future of the IPCC’ in its Decision IPCC/XLI-4 
(https://archive.ipcc.ch/meetings/session41/p41_decisions_future.pdf 
accessed 24 April 2022). The challenge for GEAs is to incentivise 
participation when potential reviewers may have little time to engage in 
review and may receive little or no recognition for, or benefit from, their 
efforts. The IPCC makes much of the fact that participation in assess-
ments is voluntary and unpaid. This is only true to an extent. Academic 
staff in western universities will have time in their working week for 
research and service, which they can juggle to make space, for example, 
to act as assessment reviewers. Academics in developing countries as 
well as private sector employees will likely have to devote leisure time if 
they wish to participate as reviewers. 

To overcome these barriers, word-of-mouth’ and ‘open call’ ap-
proaches are clearly insufficient. GEAs need to mobilise their myriad 
stakeholders. IPCC WGs already ask participants for names of potential 
reviewers, but simply sending an email to names on lists is insufficient. 
There is clear evidence that Co-Chairs’ nationality influences reviewer 
participation. In WG3, one of the AR4 Co-Chairs was from The 
Netherlands, which had 61 expert reviewers, a figure which dropped to 
21 in the AR5. Conversely, in the AR5, with a Co-Chair from Germany, 

Fig. 5. Categorisation of review comments on the FODs and SODs of four chapters of the WG2 AR5. For explanation of categories see Table 3 and text. For data 
sources see text. 
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WG3 had 77 German expert reviewers, but only 30 in the AR4 (IPCC, 
2007c, 2014b). This suggests efforts at local levels to communicate 
about the on-going assessment and personal contacts through authors 
and Bureaux members are important in recruiting reviewers. Such ef-
forts need to be intensified. National Focal Points could be a valuable 
resource, but historically these are often based in national meteorolog-
ical departments with weak connections into the communities with 
potential interest in reviewing WG2 and WG3 chapters. Regional science 
organisations and intergovernmental bodies such as the Asia-Pacific 
Network for Global Change Research and the World Academy of Sci-
ences, as well as global efforts through organisations such as ICSU and 
WCRP, can be asked to use their networks to recruit expert reviewers 
and provide follow-up and support to transition initial contacts into 
active participation as a reviewer. At the local level, we have noted that 
universities play an important role in developed countries by enabling 
and valuing the contribution of academic staff to IPCC reports, and the 
same level of awareness needs to be built among developing world in-
stitutions. It may be that international science organisations such as the 
InterAcademy Partnership and the International Science Council could 
play a role in building this awareness. 

Other relatively straightforward incentives which might encourage 
reviewers to participate include cash or in-kind (e.g. access to journals) 
payment (see van der Veer et al., 2014 for experience with such 
approaches). 

There are, of course, indirect factors at work in reviewer recruitment, 
beyond the direct influence of GEAs. We have observed, for example, 
that developing countries with large research investments, such as China 
and Brazil, increased their participation in review substantially between 
the AR4 and AR5. 

6.2.2. Training and review workshops 
Training and review workshops have shown promise in the AR6 in 

recruiting reviewers, and we outline two examples below. Workshops 
offer networking opportunities which may be seen as an attraction by 
potential participants. 

First, in 2018 and 2019 effort was directed towards increasing the 
number of reviewers from Africa and Latin America by holding two free 
online training courses in how to provide effective review comments. In 
an evaluation of the first course, focused on the review of the Special 
Report on Climate Change and Land (IPCC, 2019) SOD, Meyer (2018) 
reported that 16% of all expert reviewers of the Report registered under 
an African country, of which he estimates about half could be attributed 
to the e-learning course. The second course, delivered online in Spanish 
and focused on Latin America, was directed at the review of the WG2 
AR6 FOD. Although Barclay (2021) shows that hosting these training 
workshops has helped to increase participation from the Global South to 
a certain degree, he notes the challenge of transitioning participants in 
training workshops to the active reviewer (or author) role, and the need 
for more effort. 

Second, there have been efforts to build capacity in the Asia-Pacific 
region. A workshop held in 2018 linked authors working on the IPCC 
AR6 to senior and early-career scientists in Asia, particularly those 
working in regions poorly represented in the AR5, specifically Central 
Asia, West Asia, Southeast Asia and the Hindu Kush region (Pereira and 
Hunt, 2019). The workshop highlighted the need to build capacity to 
take up the roles of authors and reviewers of IPCC reports, for example 
through training sessions. One such training session took place in Suva, 
Fiji, focused on reviewing the WG2 AR6 Chapter 15 (Small Islands) FOD, 
which led to submission of review comments as a group (Pereira and 
Muhamad, 2019). It is worth noting that a major challenge in the Pacific 
is poor internet access, making it difficult for scientists to download 
chapter drafts and upload review comments. 

The opportunity to meet face to face either to train to be a reviewer, 
or to develop a suite of review comments addressing a particular 
chapter, is potentially a powerful mechanism to recruit reviewers, 
although it comes with an additional cost. Review of regional chapters in 

WG2 could be substantially strengthened by regional review workshops. 
Cross-fertilisation of insights could be achieved by inviting out-of-region 
disciplinary experts in, say, adaptation to attend workshops. 

6.2.3. Reviewers’ role and recognition 
Reviewers need to be properly recognised for their contribution. 

Currently, their names are listed in a report annex, and that recognition 
remains the same if they make one comment or many. Some reviewers, 
especially where they have provided insightful comments on a specialist 
topic, may be co-opted as contributing authors, which affords them 
greater recognition but removes them from subsequent reviews of that 
chapter. One possibility would be to recruit, potentially compensate and 
coordinate (through the TSU) a small cohort of reviewers for each 
chapter at the start of the process who undertake to comprehensively 
review each draft and who are named on the chapter title page (as in, for 
example, reports from the U.S. National Academies of Sciences, Engi-
neering and Medicine). The cohort could meet with the writing team 
(remotely or face-to-face if finances permit) in a meeting chaired by the 
Review Editor to discuss chapter progress and any substantial points of 
difference. Subject specialists could be assigned to review particular 
sections related to their expertise. 

6.2.4. The writing process 
Chapters should be ‘reviewable’ in terms of length and accessibility. 

Although indicative page lengths are provided by WG Bureaux or TSU, 
drafts can frequently run close to a hundred pages, making review a 
formidable undertaking and one that many will baulk at entirely, or give 
up midway leaving only a partial review. Authors need to be mindful of 
page length from an early point in the process, rather than having to edit 
for length once the review process is largely complete. Accessibility can 
be improved, for example by using comprehensive hyperlinked tables of 
content to direct reviewers to those sections where their expertise is 
most relevant and required. These strategies would benefit the 
comprehensiveness and insightfulness of the review process (not to 
mention chapter quality) and allow reviewers to play a more direct and 
meaningful role in commenting on what is and is not included in chapter 
text. 

6.2.5. The role of review editors 
We see an expanded role for review editors. Currently, review editors 

only become fully active once review comments on the FOD have been 
addressed by authors (prior to that, they may be asked to provide lists of 
potential reviewers). We suggest a more active role, for example, to 
recruit and mentor the cohort of reviewers suggested in Section 6.2.2, 
including reviewers from traditionally under-represented countries. 
They can, without a large increase in workload, advise authors on 
making drafts more concise and reviewable, check to ensure all parts of 
the chapter draft have been properly reviewed and report to authors and 
Co-Chairs any concerns they might have in that respect. 

6.2.6. Assessment report structure 
At present the main IPCC outputs are the three WG assessment re-

ports and associated special reports. It may be, given the exponential 
growth in publications dealing with climate change (Burkett et al., 2014; 
Callaghan et al., 2021), that there needs to be a shift in emphasis away 
from all-encompassing assessments with their long production cycles 
towards more targeted reports with shorter delivery times. This may 
even require a move away from the rigid three WG structure towards a 
more fluid arrangement which could change and evolve for each 
assessment cycle. Tailoring assessment reports to specific audiences 
such as the finance and reinsurance sector, land use managers or local 
government would benefit the review process. It would incentivise 
relevant reviewers, and might have the added advantage of reducing the 
total number of review comments while increasingly their relevance – 
an important consideration given the very large number of comments 
authors have to deal with. 
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6.2.7. Reporting and monitoring the review process 
Reporting of the review needs to achieve greater prominence, acces-

sibility and consistency. Giving greater prominence to the review process 
and outcomes would contribute to reviewer recognition, and could be 
achieved by changing the position of review comment and author 
response files on the IPCC website, even to the extent of placing the 
record of review alongside each chapter, as is done by journals such as 
eLife. Improved accessibility would open the review to more diverse 
scrutiny, and could be achieved using searchable database-style formats 
to present the record of review. For example, comments of individual 
reviewers could be made traceable through each writing stage, together 
with the author response, so that reviewers could see how their com-
ments influenced chapter development. Consistency of reporting be-
tween WGs and assessments is essential to support monitoring of the 
review process. Indeed, we have noted in this paper how the lack of 
consistent reporting has affected our analyses (see Section 6). How the 
record of review is presented in the final published assessment needs to 
be agreed at Panel (not WG) level. Ideally, and in recognition of the 
importance of review to the credibility and legitimacy of its assessments, 
the IPCC should build on consistent reporting to publish an evaluation of 
the review process for each assessment: how many reviewers, from 
which world regions, contributing how many comments – not dissimilar 
to the analyses presented here. This would support a monitoring 
initiative to track progress in (hopefully) increasing participation by 
reviewers from non-academic institutions, non-Anglophone countries 
and the developing world. 

6.2.8. Reviewer anonymity 
Currently, IPCC reviews are open: each comment has a name (or 

government in the case of the government review) attached at the time 
the TSU returns the reviews to authors for consideration. Draft chapters 
can be reviewed by anyone with demonstrable scientific credentials. 
This is important for the credibility of assessment reports and should be 
maintained. However, it is open to abuse, such as campaigns by denier 
communities. To guard against this, and as a contribution to report 
legitimacy, it is important that reviewers continue to be named. 

It is possible to envisage at least one alternative approach to the 
current system. Some journals, such as Atmospheric Chemistry and 
Physics, the PLOS journals and the European Scientific Journal are moving 
away from blind review to explore more open models, in which review 
comments are made available online at the time the paper is published. 
Reviewers can reveal their names at the review stage, or at the time of 
publication or can remain anonymous. Following these approaches, the 
IPCC could move to alternative systems, for example in which reviewers 
remain anonymous during the process, but their names are revealed at 
the end of the assessment (Fresco-Santalla and Hernández-Pérez, 2014; 
Papanas and Mikhailidis, 2022). However, and unlike the situation with 
the journals named above, IPCC reviewers would be made aware when 
registering that their names will ultimately be made public. 

7. Conclusions 

7.1. What constitutes a sufficient review? 

In the evaluations of the IPCC review process presented above, we 
have concentrated on reviewer numbers, their country of origin, where 
their review comments clustered within chapters, and, to an extent, the 
content of their comments. We have not attempted to establish more 
broadly a reference point for a sufficient review of a GEA. 

The issue of what constitutes a sufficient review has many aspects 
(Edwards and Schneider, 2001; Papanas and Mikhailidis, 2022). For 
example, to what extent should the relevant expertise of the reviewer 
count, and how should that be measured? Is it the case with all 
peer-reviewed material that the number of comments per page drops as 
one moves through the text? How do we think about the fact that quality 
doesn’t have a simple relationship to quantity? The best, most mature 

material doesn’t need a lot of comments and, from an author’s 
perspective, it is generally more useful to receive two or three deeply 
insightful comments than dozens of specific suggestions. 

The categorisation of comments as carried out in Section 5 is a first 
step towards addressing this, but it is only a first step. There is another 
paper to be written that attempts to define a sufficient review, and that 
uses this definition as a baseline against which to explore the sufficiency 
of reviews in GEAs. 

7.2. Analysis of AR6 review comments 

As noted in Section 1, although IPCC assessment reports have been 
subject to extensive post-publication analysis, this has generally, and 
despite its significance, excluded the review process. We note that 
changes to how the review is reported by the IPCC could make it much 
easier for scholars to pursue analysis, and would support greater in-
sights, for example around diversity. We trust that, once the AR6 review 
comments and author responses are published, analyses will emerge. 
Hopefully the tools and questions brought forward here will prove to be 
useful as a foundation for these analyses, for example Table 3 as a 
starting point for review comment classification. 

7.3. Looking forward 

Overall, we found that the review process in IPCC assessments as laid 
out in Appendix A of the Principles Governing IPCC Work (IPCC, 2013a) is 
fit for purpose. However, the context in which the IPCC operates has 
changed. Assessments are now widely reported and scrutinised by the 
media. Solutions-oriented assessments, addressing the needs of state and 
non-state actors at different levels of decision-making, are increasingly 
called for following the Paris Agreement (Beck and Mahony, 2017; De 
Pryck and Wanneau, 2017; Beck and Oomen, 2021). The volume of 
material to be assessed is increasing exponentially (Burkett et al., 2014). 
To address these emerging pressures, changes to review implementation 
are essential. We sought in Section 6 to make recommendations relevant 
to post-2022 assessments. These, together, offer a blueprint to enhance 
the processes and outcomes of review in GEAs more widely. 

Our recommendations are practical, taking into account financial 
constraints under which GEAs generally operate. If we imagine more 
generous financial support, many things might be done differently. 
Training workshops for reviewers could be delivered face-to-face with 
dedicated follow-up to strengthen the likelihood that training translates 
into review participation. Round tables between authors and key re-
viewers could take place during author meetings so that review becomes 
a true dialogue. Management teams such as IPCC TSUs could continue 
beyond delivery of the final report and general ‘tidying up’ to monitor 
and evaluate the assessment process (and, inter alia, the review) and 
make recommendations for procedures in subsequent assessments – a 
process of growth. 

GEAs in general are subject to the same external pressures and 
shifting contexts affecting the IPCC. They have the same requirements to 
be comprehensive, objective, open and transparent, and to be perceived 
as such. Effective review is an important contributor in meeting these 
requirements. GEAs have vital roles in providing governments with the 
evidence base for decision making, and in building capacity among 
policy-makers and the wider community to support action. A robust, 
transparent and trustworthy review process provides strong support to 
the fulfillment of this role. 
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