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Recommendations for producing knowledge 
syntheses to inform climate change 
assessments
 

James D. Ford    1  , Robbert Biesbroek    2, Lea Berrang Ford1,3, 
Felix Creutzig    4,5,6, Neal Haddaway    7, Sherilee Harper    8, Jan C. Minx    1,6, 
Mark New    9,10, Anne J. Sietsma11, Carol Zavaleta-Cortijo12 & Max Callaghan    6

Climate change assessments (CCAs) play a critical role in taking stock of 
the available science and other forms of knowledge and informing policy 
processes. As the underlying evidence base increases exponentially, the 
complexity also increases and challenges CCA author teams to capture 
all the relevant knowledge. Therefore, CCAs will need to transition from 
predominantly assessing primary research to focusing on the assessment 
and critical appraisal of knowledge syntheses of such work, alongside 
capturing knowledges held outside traditional scientific sources. To support 
this, a stronger knowledge synthesis culture is needed, and we propose key 
recommendations and offer guidance for producing robust, transparent, 
reproducible, inclusive and timely syntheses that can inform CCAs  
across scales.

Climate change assessments (CCAs) are designed to identify, assess 
and synthesize the state of knowledge and the evidence base on climate 
change. They seek to assess uncertainties in the underlying science, 
make large and diverse evidence bases digestible, critically examine 
policy-relevant questions, make scientific judgements on key debates 
and identify gaps in understanding1–4. As such, CCAs develop new, 
accessible and authoritative understanding of the available knowledge 
base that is crucial for informing action on climate change5,6.

The IPCC convenes what is probably the best-known CCA process, 
and in 2023 commenced its seventh assessment cycle (the Seventh 
Assessment Report, AR7). It is by no means the only CCA, as the assess-
ment space is increasingly crowded. Many nations, for example, now 
conduct national assessments (for example Austrian Panel on Climate 
Change, US National Climate Assessment) alongside regional bod-
ies (for example, the European Environment Agency), multilateral 

agencies (for example World Bank) and science organizations and 
networks (for example, the Lancet Commission, the Urban Climate 
Change Research Network and the National Science Academies). There 
are also other global environmental assessments that relate to climate 
change more broadly, including the UN Environment Program’s Global 
Environmental Outlook (GEO) and assessments undertaken by the 
Intergovernmental Science-Policy Platform on Biodiversity and Eco-
system Services (IPBES).

Since the publication of the earliest CCAs in the 1980s and 1990s, 
assessment processes have evolved considerably, developing granular 
and nuanced understanding of multiple aspects of climate change. 
There is a well-developed literature examining the processes through 
which assessments have taken place, along with their effectiveness 
and evolution over time7–10. The task of conducting CCAs, however, has 
arguably never been more challenging, with the volume of literature 
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recent years. This goes along with a more general underappreciation 
of synthesis-focused work in academic reward structures, which is 
often viewed as second-class research outside of the health and medi-
cal sciences (where such syntheses are often considered the highest 
form of evidence), due in part to limited understanding of methods 
and approaches for conducting knowledge syntheses5,21,22.

This Perspective outlines key recommendations for producing 
knowledge syntheses that are specifically designed to inform CCAs. It 
deals with topics ranging from epistemological issues around synthesis 
methodologies to guidance on how and where to start, covering a range 
of methodologies from those rooted in using the peer-reviewed litera-
ture to those focused on the knowledges held by actors embodying and 
representing knowledge systems. While this Perspective is directed at 
the producers of knowledge syntheses (which we refer to as synthesis 
teams), the recommendations can also help author teams in CCAs judge 
the quality of the underlying syntheses upon which they are drawing. 
The recommendations are mostly illustrated with IPCC examples (from 
Working Group II (WGII) in particular), and while they are not exhaus-
tive, they capture what we think are some of the main areas where 
guidance is needed (Fig. 2). As such, the Perspective is based on our 
own collective experiences as authors on—and advisors to—multiple 
IPCC and other climate change/environmental change assessments, 
and leverages our longstanding background in knowledge synthesis.

Focus on a topic that is a priority for assessment
Priority topics and questions for CCAs are relatively easy to track down. 
The approved report outlines of many assessments (which contain lists 
of key topics) are publicly available, published in advance of the assess-
ment process itself, and are often approved by governments, which sup-
ports the policy relevance of the topics. Some governments and other 
policy bodies also identify research gaps (for example, ref. 23). This 
creates an opportunity to identify and undertake synthesis research 
with direct relevance to assessment and policy needs. The outline for 
the IPCC Special Report on Climate Change and Cities, for example, 

on climate change growing exponentially8,11,12; extracting what is ‘new’ 
and/or ‘relevant’ from this exponential growth is therefore getting 
ever harder. Over the period 1990–2023 the peer-reviewed literature 
on climate change alone grew at 14.7% yr−1, doubling every 5.1 years 
(Fig. 1). With digitization and growing interest in climate change, the 
so-called grey literature is also becoming widely available, containing 
an important, yet underused, knowledge base that assessments are 
increasingly seeking to draw upon13. The concern is that if this growth 
cannot be managed, credibility in the assessment process will be under-
mined—particularly in cases where there is a large or varied knowledge 
base, or where existing studies show controversy and disagreement14–16. 
To manage this challenge, CCAs and other environmental assessments 
will need to transition to focus on the assessment and critical appraisal 
of knowledge syntheses that are derived from primary research and 
other forms of knowledge.

The term ‘knowledge synthesis’ can be thought of as a process 
through which knowledge is systematically and transparently col-
lected, analysed and integrated to draw comprehensive and robust 
conclusions on specific topics and questions17. It is related to the term 
‘evidence synthesis’ but is broader in scope, encompassing a wider 
range of methodologies (for example, from systematic reviews to 
dialogues) and forms of knowledge (empirical, scientific, Indigenous, 
local, practitioner and so on)17. It is worth noting that literature review 
and knowledge synthesis are terms that are sometimes used inter-
changeably and, while similar, differ in key aspects. Literature reviews 
typically focus on identifying and characterizing what has been studied 
and how, whereas knowledge syntheses have a broader aim of gener-
ating new and comprehensive understanding by systematically inte-
grating knowledge from multiple studies and other sources (as such, 
a literature review is a subset of knowledge syntheses). Knowledge 
syntheses can take a variety of forms, from more traditional papers and 
reports to online data portals, tools and synthesis figures18.

Knowledge syntheses are under-represented in the climate 
change field at present1,19,20, despite becoming more common in 
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Fig. 1 | Proportion of climate literature cited by the IPCC. a, The number of publications in the Web of Science that mention climate change (solid bars) and the 
number of unique IPCC citations referencing this work (hatched bars) during each assessment period are shown. b, The ratio of IPCC citations to Web of Science 
publications.
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was approved by governments and released in early August 202424. 
The UK’s Climate Change Risk Assessment process, meanwhile, has a 
more general ‘call for evidence’, with two calls targeting evidence gaps 
to be opened in 2024/2025 as part of the fourth Climate Change Risk 
Assessment. Approved outlines, topics and evidence gaps provide 
potential boundaries to help define the sectoral, regional or topical 
scope and focus of knowledge syntheses.

Synthesis teams should also not be limited by such ‘top-down’ pro-
cesses when selecting potential topics and questions. Other sources 
include existing literature mapping and bibliometric analyses, reports by  
non-governmental organizations and UN bodies, calls for proposals 
from research foundations, state-of-the-art discussions at conferences 
and information in policy documents, among others. Synthesis teams 
can also conduct their own stakeholder engagement exercises to gen-
erate knowledge needs, which is standard practice in many evidence 
synthesis organizations. Consider engaging early on with lead authors 
to see if there are ‘hot’ or debated topics that would be useful to address. 
Working with decision makers and other stakeholders to co-produce 
topics and questions should be integral to knowledge synthesis—and 
built into pre-synthesis activities—particularly where they have direct 
policy relevance given the growing ‘climate action’ focus of CCAs and 
can increase the quality of research and acceptance of the work for 
decision-making25–27. For topics that are often overlooked or only superfi-
cially addressed in CCAs, knowledge syntheses can increase the visibility 
of such topics and the likelihood of being assessed by CCA author teams 
and help to ensure that key knowledge is incorporated in executive- and 
high-level summaries (for example, the IPCC Summary for Policymakers).

Articulate a ‘synthesis ready’ question
CCAs need knowledge syntheses that place primacy on the impor-
tance of the synthesis question, regardless of the epistemological and 
methodological challenges of integrating across diverse disciplines, 
literature bases and knowledge sources. Many existing syntheses are 

limited to ‘low-hanging fruit’: summaries of homogeneous literature 
bases that are readily comparable and use similar epistemologies. In 
contrast, CCAs typically seek synthesis of insights across disciplines and 
traditional research boundaries, including engaging with Indigenous 
knowledge and local knowledge.

To be synthesis ready, there needs to be a comprehensive knowl-
edge base of relevant information, evidence and perspectives to 
address the synthesis question to ensure that synthesis insights are 
robust, inclusive and reliable:

•	 For aggregative (that is, hypothesis testing) quantitative 
approaches, comprehensiveness is vital to minimize bias, capture 
effect size, enhance statistical power and understand heteroge-
neity. An example of a question of interest for IPCC assessments 
could be: at what level of sea-level rise do barriers and limits to 
adaptation exist in coastal megacities in southeast Asia? The 
question is synthesis ready because sea-level projections have 
been developed for different emissions scenarios at global to 
regional (and in some cases local) scales, including characterizing 
uncertainty, which can be combined with historic data on flood-
ing and socioeconomic factors that will affect vulnerability as 
captured in published literature (for example, population density 
and infrastructure)28,29; it clearly defines the affected population; 
establishes comparative scenarios (such as different emissions 
and vulnerability futures); and focuses on measurable outcomes.

•	 For configurative (that is, hypothesis generating) qualitative 
approaches, diversity of evidence is an important component 
of comprehensiveness given the focus on understanding expe-
riences, meanings and perspectives as opposed to measuring 
outcomes, and this includes having a knowledge base with contri-
butions from authors/representatives from the country/region/
location of focus30,31. For example, a question of interest for an Arc-
tic Council CCA could be: how are changing ice conditions affect-
ing the food systems of Indigenous communities in the Arctic? This 
question is synthesis ready because there is documented evidence 
from Indigenous knowledge holders and within the peer-reviewed 
literature on how ice conditions are changing and their associated 
impacts, with perspectives from multiple Arctic regions and set-
tlement types gathered using different methods32,33. The question 
clearly defines the population of focus and makes it clear that the 
question is examining the impacts of changing ice conditions on 
specific aspects of Indigenous livelihoods. The question could be 
further refined to target specific geographical regions if desired 
(for example Alaska, Greenland and so on), focus on a specific time 
frame (for example, the past decade) or narrow down food systems 
to particular aspects such as traditional foods.

Before commencing knowledge synthesis, it is often worthwhile 
to do a quick scoping search to check the nature of knowledge sources, 
along with their geographical distribution. And while comprehensive-
ness may be challenging to delineate in advance, its key components 
can be delineated a priori.

If the question is ready for synthesis, it is important to clearly 
define its key components, establishing the system boundaries and 
making it easier to search for and assess relevant knowledge. This is par-
ticularly important for systematic reviews, which require close-framed 
questions; if the question is more broad and open-framed it is more 
suitable to systematic mapping, scoping review or other more narra-
tive approaches (Box 1). Consultation with relevant stakeholders can 
help define the question and its components34, while tools such as the 
Population, Exposure, Comparison, Outcome (PECO), Population, 
Intervention, Comparison, Outcome (PICO), and Sample, Phenomenon 
of Interest, Design, Evaluation, Research type (SPIDER) frameworks can 
help formulate and structure precise and clear research questions (for 
example, see refs. 27,35,36).

Assess study validity and 
confidence6

Communicate openly and 
transparently7

Consider using digital evidence 
synthesis tools5

Use the appropriate methodology 
for the question4

Consider policy-relevant versus 
policy-prescriptive syntheses3

Articulate a ‘synthesis ready’ 
question2

Focus on a topic that is a priority 
for assessment 1

Fig. 2 | Recommendations for writing knowledge syntheses to inform climate 
change assessments. In this Perspective, we outline seven key recommendations 
for producing knowledge syntheses.
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BOX 1

Examples of knowledge synthesis methodologies
The landscape of knowledge synthesis is diverse and sometimes 
difficult to navigate. Below are examples of knowledge synthesis 
methodologies, which may combine or mix approaches to create 
a method tailored to the question. We include examples of 
‘mainstream’ methodologies, along with those that emphasize the 
importance of working with diverse knowledges.

Systematic review. This involves systematically reviewing the 
literature to identify and appraise evidence for a specific and clearly 
articulated research question using predefined eligibility criteria 
for documents and explicitly outlined and reproducible methods21. 
This approach should be explicitly guided by a research question 
and assess the nature of the evidence, bias and confidence in 
the evidence when presenting findings. Systematic reviews are 
particularly useful within CCAs to provide an evidence base to 
inform climate policy and guide decision-making. For example: to 
what extent do livestock livelihood interventions reduce climate 
vulnerability among the ultra-poor?

Evidence map. This approach captures a group of methods 
(sometimes called a systematic map or scoping review) that are 
used to answer questions about the state of the knowledge on 
a particular topic and highlight knowledge clusters and gaps. 
Evidence maps do not seek to answer a specific research question, 
but rather to describe and characterize a knowledge base. Such 
reviews are particularly useful in providing CCAs with an overview of 
evidence and identifying knowledge gaps within a particular topic. 
For example: what is the nature of the evidence base on livestock 
transitions as an adaptation pathway?

Meta-analysis. Meta-analysis is a specific type of review that aims 
to answer a specific review question but uses statistical techniques 
to collectively analyse quantitative data across multiple studies22. 
Using particular techniques, meta-analysis pools data across several 
studies that are relatively homogeneous in terms of methods and 
data type. For example: does access to green space reduce mortality 
during heatwaves?

Meta-synthesis. This is a generalized term that reflects a range of 
qualitative approaches that can be used to synthesize insights from 
multiple qualitative studies to generate new insights and a deeper 
understanding of a particular topic or question (for example, case 
survey meta-analysis78 and meta-ethnography89,91). For example: what 
are the main factors creating vulnerability to climate change among 
smallholder farmers?

Rapid review. This type of review integrates key components of a 
systematic review but involves a simplification of the review process 
to allow for a more efficient and rapid review process. They involve 
simplifying review processes in areas with known likely impacts on 
the risk of bias, which should be clearly stated as caveats, and are 
suited to cases where the literature is rapidly evolving, decision 
makers need urgent advice and there are short policy windows and/
or resource constraints25,37. For example: what is the effectiveness of 
carbon dioxide removal technologies for meeting emissions goals?

Realist review. This type of review seeks to understand why and how 
a policy/practice works, for whom and in what context it is effective 
or ineffective21. It focuses on systematically identifying the underlying 
mechanisms of an intervention, the contexts in which these 

mechanisms are activated and the outcomes produced2,92. Realist 
reviews use a theory-driven approach to explain the relationships 
between context, mechanism and outcome. For example: what 
factors underpin the effectiveness of early warning systems in 
reducing vulnerability to tropical storms?

Multi-evidence-base approach. This is a structured process that 
emphasizes the importance of bringing together diverse knowledges 
(Indigenous, local, scientific) on a particular topic or question, where 
a joint assessment of knowledge provides a starting point for further 
knowledge generation44,52. It has been used within used within the 
context of IPBES assessments. For example: how are changing ice 
conditions affecting the food systems of Indigenous communities in 
the Arctic?

Structured expert judgement. This is one approach to systematically 
aggregating expert opinions based on a set of metrics or questions, 
often using a scoring system, involving individuals with relevant 
knowledge or expertise on the topic and incorporating a broad range 
of information types and sources93. This approach has been used for 
issues where there is significant complexity, uncertainty and/or data 
gaps28,29,94,95, and can include a diversity of experts including scientists, 
Indigenous knowledge holders, community representatives and 
decision makers. For example: what is the state of progress on climate 
change adaptation in coastal regions?

Oxford Martin Restatements. This is a structured process that 
aims to assess the scientific evidence base underlying key policy 
issues96. The Restatement process convenes an author group 
chosen to represent different scientific points of view on a contested 
topic. A first draft evidence summary is then prepared for the 
topic in question, which is then debated via correspondence until 
a consensus is achieved. A near final draft is then sent to diverse 
stakeholders for comment. Results comprise a series of evidence 
statements that are categorized according to the nature of the 
underlying information (for example, uncontentious, strongly 
supported and so on)97. For example: to what extent can economic 
development offset the impacts of climate change on malaria 
transmission in sub-Saharan Africa?

Knowledge dialogues. These platforms or forums seek to exchange 
knowledge and synthesize understanding on a particular topic or 
question through the process of communication and exchange 
between people, groups or communities that come from different 
backgrounds or cultures48,49. For example: can Indigenous peoples’ 
agricultural knowledge and practices build resilience to climate 
change impacts?

Circle of experts. This involves bringing together a diverse 
group of specialists, practitioners and rights- and stakeholders 
to collaboratively synthesize knowledge on a particular topic or 
question; insights are shared and debated and areas of consensus 
and disagreement are identified. It is particularly well suited to 
bringing together Indigenous knowledge holders and representatives 
in an ethical space for authentic dialogue guided by traditional and 
ceremonial protocols (for example, refs. 50,51,98) with synthesized 
knowledge shared via videos, stories and reports. For example: what 
aspects of biodiversity in a specific location are most at risk from 
climate change?
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There will be cases where a question is synthesis ready in the sense 
that there is extensive knowledge but there are still considerable bar-
riers to accessing this knowledge: for example, knowledge held by 
local communities, practitioners, Indigenous peoples, policymakers, 
in hard-to-access grey literature, stored behind paywalls, in different 
languages or in private sector reports that are not publicly available. In 
these cases, feasibility will depend on the ability of synthesis teams to 
collaborate with diverse knowledge holders and/or work with experts 
specializing in literature retrieval, requiring customized approaches 
relevant to the context. While this will probably be time consuming, 
they represent some of the most interesting and needed topic areas 
for knowledge synthesis. Consulting with a librarian and or knowledge 
synthesis ‘expert’ at the outset is important, especially for cases where 
knowledge is difficult to reach, while organizations such as Cochrane, 
the Campbell Collaboration and the Collaboration for Environmental 
Evidence, among others (for example, refs. 2,37), provide resources 
and guidance (Supplementary Table 1). Such experts include actors 
embodying and representing knowledge systems where the knowledge 
base is outside the traditional scientific domain30.

Consider policy-relevant versus 
policy-prescriptive syntheses
CCAs are typically designed to inform policy and provide input to sup-
port decision-making, but vary in how they do this. The IPCC reports, 
for example, are expected to be “neutral with respect to policy” and are 
mandated to be policy relevant but not policy prescriptive38, whereas 
national or sector-specific CCAs may make specific recommendations 
for action, rooted in evidence but taking a more proactive stance on 
particular policies. Authors conducting knowledge syntheses need 
to be aware of such guidelines, and—especially if seeking to inform 
IPCC assessments—it is important to consider and distinguish between 
policy-relevant and policy-prescriptive syntheses.

The distinction between assessment and prescription of policy 
response options is subtle but important39. Generally speaking, a 
policy-prescriptive approach would identify and justify one or more 
policy options that emerge as superior or more desirable from a process 
of critical appraisal. In contrast, an assessment (or policy-relevant) 
approach might systematically outline the ways in which multiple pol-
icy response options can be compared across a range of criteria (such 
as feasibility, acceptability, efficacy, impacts on equity), allowing the 
reader to infer the most appropriate choice40 (that is, what is/could be); 
assess what policies work, in what context, for whom and why13; with 
results and conclusions linked to the underlying knowledge base (that 
is, line of sight), presenting the full breadth of evidence and not just con-
sensus trends. Even where the initial analysis might be similar in both 
approaches, the presentation of results in a non-policy-prescriptive 
manner requires a greater degree of methodological transparency 
and systematic summary of a range of options and assessment criteria, 
rather than a judgement of the results.

Use the appropriate methodology for the  
question
There is a well-established corpus of tried and tested knowledge syn-
thesis methodologies that can provide the basis for systematic, trans-
parent, reproducible and defensible assessments of climate-relevant 
questions2,22,41 (see Box 1 for some examples). The challenge is to find 
the most appropriate methodology for the focus2. Few of these meth-
odologies in Box 1 have been widely used in a climate change context, 
underscoring the importance of capacity building and training around 
knowledge synthesis methodologies (Box 1 and ‘Way forward’).

It is important to be aware of the epistemological history of a 
particular methodology, how it has evolved and been applied for dif-
ferent questions, and be cognizant of established standards and pro-
tocols around terminology and if/how they may vary by discipline. 
Failure to do so can create confusion: for instance, outside the health 

sciences, some reviews may label themselves as ‘systematic reviews’ 
without adhering to established standardized protocols22. Yet, there 
is also a tension here across disciplines regarding the advantages and 
disadvantages of strict expectations of standardized methods and 
labelling of synthesis methods. On the one hand, the strict protocols 
expected within the health sciences establish standards and guidance 
that promote methodological rigour and minimize bias, setting a meth-
odological bar for gold-standard knowledge synthesis. On the other 
hand, we have seen that systematic review/scoping/mapping standards 
can create a significant barrier to entry for teams seeking to engage in 
systematic synthesis approaches for climate change questions, with 
‘perfect’ often the enemy of ‘incremental’ methodological progress. 
What is most important is the critical need for transparency around 
methodology, allowing readers and reviewers to assess the rigour and 
application of systematic approaches.

Each methodology will have its own general set of steps and 
procedures. At one end of the spectrum, systematized methodolo-
gies primarily use scientific documents (often, but not restricted to, 
peer-reviewed and scientific grey literature) as their knowledge base. 
This includes systematic reviews, evidence maps and meta-synthesis, 
among others, and typically follows key process steps including: (1) 
developing a systematic and transparent plan for how to identify, 
select, analyse and synthesize knowledge; (2) conducting a systematic 
and replicable search for chosen knowledge sources; (3) transparently 
selecting documents that are relevant to the synthesis question by 
applying clearly articulated criteria for which documents and other 
evidence sources are eligible for inclusion and exclusion; (4) criti-
cally appraising the quality of knowledge available; (5) systematically 
extracting key information (for example, by applying a questionnaire 
or survey); and (6) synthesizing information to identify novel insights 
using a transparent synthesis methodology. Again, transparency is 
critical in articulating how knowledge synthesis has (or has not) been 
implemented systematically and/or aligned with internationally 
accepted guidelines (for example, refs. 42,43), along with being clear 
about the caveats and risk of bias inherent in the chosen methods.

At the other end of the spectrum are methodologies that focus on 
the knowledges held by actors embodying and representing knowledge 
systems30,44. These methodologies respond to the need for increased 
emphasis on the inclusion of more diverse forms of knowledge (for 
example Indigenous knowledge, local knowledge), and the consid-
eration of under-represented regions and groups in CCAs7,45–47. Such 
knowledges are frequently held by practitioners or within institutional/
social memory and diverse formats (for example, grey literature, oral 
history) and are thus typically less accessible to CCAs, which tend to 
rely primarily on publicly available documents. However, overlook-
ing them introduces a high risk of bias. Herein, being more inclusive 
of diverse forms of knowledge in CCAs is an increasing priority and 
methodologies including knowledge dialogues48,49 (Box 2), circle of 
experts50,51 and the multi-evidence-base approach44,52, among others, 
have been developed to document and synthesize knowledges in a 
culturally respectful, robust and transparent manner. While these 
methodologies are not typically considered part of the conventional 
knowledge synthesis toolbox, they have been successfully applied to 
inform environmental change-focused assessments, providing access 
to the observations, testimonies, experiences and understandings of 
change, its impacts and responses that would otherwise be excluded. 
For instance, by focusing on the importance of cultural values, knowl-
edge dialogues have identified how mainstream climate policies (for 
example, limiting meat consumption, promoting community reloca-
tion) may have repercussions for Indigenous peoples who depend on 
animals for their livelihoods, facilitating a more equitable and inclusive 
assessment of policy options.

The methodologies identified in Box 1 and considered so far are 
primarily relevant to questions around climate change impacts, adap-
tation, vulnerability and mitigation; that is, topics relevant to IPCC 
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WGII and WGIII. WGI also faces challenges in evidence synthesis to 
bring together heterogeneous data, including climate feedbacks and 
climate sensitivity; for example, synthesizing alternative approaches 
to information about the various drivers of sea-level change to pro-
duce integrated sea-level projections53–55. A key distinction is that 
WGI approaches are largely grounded in quantitative data sources 
and physically informed models, and are underpinned by quantita-
tive, probabilistic approaches to synthesis. These include quasi- and 
Bayesian synthesis, forms of advanced meta-analysis and structurally 
informed quantitative syntheses that consider not only confidence but 
also likelihood. Diverging from this primarily quantitative epistemo-
logical basis, our focus on WGII and WGIII in this Perspective reflects 
recognition that relevant evidence, methods and epistemologies are 
frequently even more heterogeneous, and often cannot be synthe-
sized in a robust manner using primarily quantitative approaches. 
In many ways, the topics relevant to WGII and WGIII are perhaps the 
most challenging for knowledge synthesis because of the depend-
ence on multiple disciplines with different understandings of what 
counts as ‘knowledge,’ along with different disciplinary standards. 
The methodologies in Box 1 are also applicable, although potentially 
more tangentially so, for some questions related to the physical basis 
of climate change (that is, IPCC WGI)28,53–55.

Consider using digital synthesis tools
There are various digital tools that can be used to collect, analyse and 
synthesize knowledge, with review management software, biblio-
graphic databases and open meta-analysis software widely employed 
and considered standard practice56,57. More advanced applications of 
such tools include the use of machine learning and natural language 
processing (NLP) techniques, which are increasingly being employed 
in a climate change context58,59 (Supplementary Table 2). Their popu-
larity stems from their ability to rapidly locate, screen, classify and 
synthesize potentially hundreds of thousands of articles—although 
in practice, the largest-scale analyses use only titles and abstracts, 
not full texts, and can be prone to hallucinations. Even so, given the 
aforementioned rapid increase in the volume of literature, such tools  

are essential to enable the full breadth and diversity of a literature base  
to be considered in a transparent manner58,59. Digital synthesis tools are 
rarely a replacement for systematic knowledge synthesis, however, as  
the types of question that can be answered rely on patterns and trends 
that can be gleaned without assessment of full texts and without human 
review and interpretation of all documents. Digital technologies are  
advancing but are likely to provide a complement to, rather than a 
replacement for, traditional synthesis approaches60.

Some of these machine learning and NLP tools are single purpose, 
helping to develop a search query or testing for the risk of bias, but 
there are a number of more general synthesis platforms too. More 
than 200 exist56, but given the great variation in the goals of knowledge 
synthesis, as well as the lack of a unified metric for performance, it is 
difficult to say categorically which tool is best for any given context61,62. 
Commonly used platforms offer variety of functions, including ‘priority 
screening’ where once the user has provided a number of examples of 
the records to be included, artificial intelligence (AI) is used to place 
other records that are likely to be relevant at the front of the screening 
queue63 (Supplementary Table 3). Priority screening in some cases 
can greatly reduce the time required for such ‘needle in a haystack’ 
problems and digital synthesis platforms are increasingly becoming 
more accessible to non-specialist users64. Other uses of machine learn-
ing and NLP include text classification, where documents or pieces of 
text can be classified according to a specific category using supervised 
and unsupervised machine learning approaches. Such classification 
approaches are also a core element of more recent approaches towards 
living evidence19. Living evidence maps and platforms, for example, 
have already shown considerable promise (for example, during the 
COVID pandemic19): a machine learning model is trained to identify 
and categorize relevant articles, which are then used to create an evi-
dence map; when new articles are published, this is (automatically) 
fed to the same model, after which the map is updated. This means 
that the evidence map stays up to date and policy relevant for much 
longer, particularly for fast-moving fields of research such as climate 
change, although there are often trade-offs in terms of data quality 
and misclassification.

BOX 2

The use of dialogue methodologies in knowledge synthesis
Indigenous peoples are uniquely sensitive to climate change impacts 
and their accumulated knowledges and wisdom can help us better 
understand the challenges posed by climate change and how to 
respond47,99. The importance of including Indigenous knowledges 
and practices within CCAs has been long recognized, with early 
attempts to incorporate such knowledge including the Government 
of Canada’s Mackenzie Basin Impact Study100 and the Arctic Climate 
Impact Assessment101. For the IPCC, the importance of considering 
different knowledge systems was emphasized in AR5, with AR6 
WGII explicitly capturing Indigenous understanding and voices 
and recognizing the importance of Indigenous knowledges for 
adaptation. Despite these developments, CCAs have been critiqued 
for only capturing Indigenous knowledges documented in the 
peer-reviewed literature; overlooking other sources of knowledge, 
including those captured in oral histories, traditions and testimonies; 
and adopting a predominantly science-driven worldview102,103.

Responding to these challenges, global environment 
assessments—including IPBES and most recently the UN 
Environment Programme’s GEO-7 assessment—have used dialogue 
approaches to mobilize, translate, negotiate, synthesize and apply 
Indigenous knowledges and perspectives within their reports44,48,104. 
Dialogues are a type of conversation based on trust that create 

opportunities to exchange different experiences and knowledges 
in a culturally appropriate environment, conducted according to 
principles of free prior and informed consent49. Within the IPBES and 
GEO-7 assessments, multiple dialogue sessions brought together 
participants from diverse Indigenous nations to share stories, 
knowledge, perspectives, actions, worldviews and concerns on 
environmental change, both with each other and with participating 
non-Indigenous researchers. Activities to structure these processes 
included small and larger group discussion sessions, visioning and 
storytelling, and participatory scenario planning, with emphasis 
on building mutual trust and confidence. In some instances, these 
dialogues were convened within Indigenous territories.

To facilitate mobilizing such knowledge into the assessment 
process, written records of the dialogue workshops were produced 
and published online (see refs. 105,106)—after approval by Indigenous 
people who participated—including documenting the oral testimony 
of participants, providing the necessary line of sight to the underlying 
knowledge base. While the IPBES and GEO-7 examples are not 
explicitly climate focused, and are not without their challenges44,48,104, 
they nevertheless provide insights into how knowledge syntheses 
could more effectively engage diverse knowledge systems to inform 
CCAs.
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Not all applications will benefit equally from using such tools. 
Indeed, experience of applying machine learning and NLP has been 
mixed: while time savings are possible with digital synthesis tools, they 
are not always realized; some degree of technical literacy is needed 
alongside topical expertise to operationalize effectively; and while 
models are good at creating general overviews, critical assessment still 
remains extremely difficult and automated data extraction is mostly 
limited to specific fields and use cases59. The rapid advancements in 
AI will probably further reshape the knowledge synthesis landscape 
over the coming years, with some platforms using AI to automatically 
extract data (for example, Laser AI) and write summaries (for example, 
Consensus). Nevertheless, human–machine collaboration will still 
be key, as many of these applications have not yet been validated suf-
ficiently65. Moreover, there is a need to build literacy within the climate 
research community in using such technologies, without which their 
power and pitfalls will be overlooked59,66, along with the potential for 
creating “unjust disparities” in terms of who is involved in knowledge 
syntheses and what knowledges are considered67.

Lastly, digital synthesis tools and the wider advances in AI could 
also increase the kinds of evidence considered, for example by mak-
ing it much easier to incorporate non-English language records, oral 
evidence or unstructured data from sources such as municipalities or 
community organizations. Crucially, however, injudicious use of such 
tools risks worsening existing inequalities: in particular, the latest 
generation of AI models have large carbon footprints and many digital 
platforms require strong internet connections.

Assess study validity and confidence
A shortcoming of many knowledge syntheses is a failure to consider 
the variability in study validity across the included knowledge base41. 
Research studies vary considerably in their risk of bias (internal valid-
ity due to (for example) issues with blinding and randomization in 
experimental research68, a lack of baselines69,70, emphasis on type I 
versus type II errors71 or marginalization of non-Western knowledge 
systems30. There may also be misalignment in external validity (that is, 
generalizability) where a knowledge synthesis combines multiple types 
of research (for example plot-scale and landscape-scale studies). It is 
crucial that knowledge syntheses consider the internal (and often also 
the external) validity in accordance with the context in which they are 
generated. This may include, for example, making use of predefined 
and tested ‘critical appraisal’ tools to ensure construct validity and 
maximize procedural objectivity and repeatability72,73 or assessing 
the processes through which diverse knowledges have been recog-
nized, included and valued30,74. Importantly, syntheses must also do 
something with the outputs of this validity assessment. Studies can be 
excluded where the risk to the synthesis is unacceptable, and sensitivity 
analysis can be used in to examine the impact of excluding high risk or 
bias/low validity studies on the robustness of the synthesis findings73.

More generally, an important but often neglected aspect of knowl-
edge synthesis is the consideration of confidence in the underlying 
knowledge being synthesized—referring to the degree of certainty 
in the validity of a given finding(s) or conclusion(s). Some individual 
studies are less reliable due to methodological issues that can lead 
to inaccurate, biased and/or misleading findings if not accounted 
for41,70, and can be problematic for topics and questions where the 
literature has limited methodological diversity or where important 
voices are not documented. For example, in their review of the impact 
of roads on sub-Saharan African ecosystems, Perumal et al.75 found 
that the literature primarily reported simulation model results not 
based on actual field data, while Rebelo et al.76 in their assessment of 
water-related ecological infrastructure investments to support sustain-
able land use found that most reported ‘results’ in the literature were 
not based on any empirical data but were propositional. In both cases, 
clear reporting on the methodological underpinning of the underly-
ing knowledge base allows the reader to judge confidence. It should 

be noted that assessment of confidence is conducted after synthesis 
and key findings have been identified, and assesses the confidence in 
the individual findings emerging from the body of knowledge, not only 
individual papers or documents.

A diversity of frameworks and tools can be used or adapted for 
assessing confidence77–79. The IPCC, for example, uses guidance on the 
treatment of uncertainties80 whereby calibrated language is used to 
qualitatively assess confidence based on the type, amount, quality and 
consistency of evidence and the degree of agreement among experts, 
and has been adopted for use in some published studies (for example, 
ref. 29), or quantitatively assesses the likelihood or uncertainty in a 
finding expressed probabilistically (based on statistical analysis). 
However, the IPCC assessment process fails to transparently justify or 
document line of sight for how individual confidence and likelihood 
statements are generated, and we argue would benefit from updating 
its guidance and protocols for calibrated language. For an evidence 
base with quantitative and homogeneous measures, there are rela-
tively standard methodological approaches for assessing confidence 
in quantitative reviews, such as meta-analyses, which can provide 
estimates of precision, variance and confidence, as well as an assess-
ment of the risk of bias. Assessments of confidence for qualitative or 
mixed and heterogeneous knowledge bases, however, are frequently 
overlooked despite well-documented tools and approaches such as 
GRADE-Cerqual70.

We recognize that not all authors will have the time to undertake 
a formal assessment of confidence using a standardized protocol. 
Nevertheless, there is substantial added value if synthesis teams can 
provide an assessment of confidence or at minimum provide suffi-
cient and traceable information underpinning their findings to assist 
CCAs in determining confidence. We encourage authors to become 
familiar with key aspects of confidence assessment (Fig. 3), including 
assessing and reporting on: the strength of the evidence, which relates 
to the extent that a synthesis finding is supported by the underly-
ing knowledge base; methodological limitations, which refer to the 
constraints and potential weaknesses in the underlying knowledge 
base being evaluated that can affect the robustness of the findings; 

Adequacy of data
Sample size (quantitative)
Are there a su�icient number of 
studies and/or observations?

Adequacy of data (qualitative)
Are data su�icient in quantity 
(number of observations or studies) 
and quality (data richness and 
detail) to support the findings? 

Relevance
Alignment (quantitative)
How closely do the studies align 
with the research questions or 
objective?

Critical appraisal (qualitative)
Do the individual studies supporting 
key findings relate directly to the 
synthesis/research questions or 
objective?
Do they cover key populations, 
groups, regions and so on?
Do they focus on an appropriate 
time period?

Methodological limitations
Methods and risk of bias 
(quantitative)
Are there any serious 
methodological limitations or 
concerns or risk of bias (for 
example, in selection, detection or 
reporting bias)?

Methods and relevance (qualitative)
Are the individual studies included 
in the review methodologically 
rigorous?
Do key findings rely on partial or 
indirect evidence?

Strength of evidence
E�ect size and precision (quantitative)
Is there a large e�ect size or 
association and su�icient precision 
around the estimate?

Coherence (qualitative)
Do key findings present the full 
range of results and explanations 
available in the primary literature?
Do some studies contradict key 
findings or present alternative 
explanations? 

Assessing confidence

Fig. 3 | Key components for assessing confidence in evidence. Confidence can 
be assessed by drawing upon tools including GRADE-CERQual, the AACODS 
checklist (Authority, Accuracy, Coverage, Objectivity, Date, Significance) for grey 
literature and the mixed methods appraisal tool, among others.
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relevance, which relates to how closely the knowledge base aligns with 
the synthesis question, capturing the extent to which the findings are 
directly applicable and meaningful to the topic under investigation; 
and data adequacy, which concerns not only how much evidence there 
is to support a particular finding, but also how much evidence varies 
or is consistent.

An additional challenge is that some CCA confidence statements 
can be interpreted quite differently depending on framing. For exam-
ple, AR7 WGI concluded that “Considering only processes for which 
projections can be made with at least medium confidence, relative to 
the period 1995–2014, GMSL will rise … by 2100 between 0.38 [0.28 to 
0.55, likely range] m (SSP1 1.9) and 0.77 [0.63 to 1.01, likely range] m 
(SSP5 8.5)”81. However, WGI could also have concluded, with high confi-
dence, that global mean sea level (GMSL) by 2100 will be less than 2.5 m. 
The former cited statement could be misinterpreted as excluding the 
possibility of GMSL rise in excess of 1.0 m (an interpretation that would 
be a false negative). The latter statement could also be misinterpreted 
as indicating that the GMSL rise of 2 m is as likely as GMSL rise of 1 m 
(an interpretation that would be a false positive). Both statements are 
consistent with the underlying evidence base; however, the interpre-
tation varies depending on how the confidence statement is framed.

Communicate openly and transparently
It is important that synthesis teams follow principles of open science 
to promote integrity, reproducibility, transparency and trust across all 
aspects of knowledge synthesis82,83. Results and conclusions need to be 
linked to the underlying knowledge base, presenting the full breadth 
of evidence and not just consensus trends. Key components of open 
science in the context of knowledge synthesis82 include:

•	 Open methodology: the methods used are fully reported so that 
the study can be understood and repeated where relevant, and 
readers can understand what was included (and what was not), 
how, when and where84. To assist in such transparency, we sug-
gest that synthesis teams make relevant protocols accessible 
and consider publishing them before the research commences 
in online platforms and/or some journals that specialize in this 
(for example, Campbell Systematic Reviews, Protocol Exchange, 
PROSPERO, Joanna Briggs Institute)78.

•	 Open data: all data and metadata are made available (for example, 
in annexes or supplementary information), including documenta-
tion of included and excluded documents (for example, European 
Open Science Cloud) or search tools (such as Google Dataset; 
https://datasetsearch.research.google.com/) to facilitate the 
search and reuse of existing data and transcripts and testimonials 
(with permission) where more qualitative methodologies are used.

•	 Open source: the code for tools used to synthesize information 
is provided in full.

•	 Open access: synthesized knowledge is freely available in 
open-access formats. Synthesis teams should also consider pro-
ducing summaries that capture key results, as the technical lan-
guage often used in peer-reviewed publications can limit uptake 
in decision-making. For example, the International Initiative for 
Impact Evaluation produces short and plain-language evidence 
impact summaries to demonstrate and encourage the use of evi-
dence to inform programming and policy-making (for example, 
ref. 85), underpinned by a publication in a peer-reviewed journal. 
Similarly, the Priestley Centre for Climate Future’s Climate Evi-
dence Unit at the University of Leeds produces short evidence 
summaries on diverse climate-related topics and questions tar-
geted at decision makers. Academic journals are also increas-
ingly seeking to increase the accessibility of research by requiring 
non-technical summary statements (such as the ‘Science for Soci-
ety’ summaries in One Earth or ‘Research in Context’ panels in 
Lancet Planetary Health).

Using visuals to present findings is also important. Assessments of 
large volumes of knowledge cannot be easily synthesized in text and still 
be accessible and understandable for diverse audiences. Communicating 
information and ideas using symbols and imagery is therefore increas-
ingly important86–88. Considering visualizations at the start of knowledge 
synthesis will help guide the structuring of the assessment procedure and 
coding protocols to allow a more balanced representation of visuals. As 
different target audiences are sensitive to different types of visualization, 
careful and early consideration of what kind of visuals are best suited for 
the targeted audience, and potentially co-creating them, is required. 
Online tools such as EviAtlas89 or the IPCC WGI Interactive Atlas18,90 offer 
a new way for users to explore the results of knowledge synthesis.

Way forward
The explosion of the scientific literature on climate change and recog-
nition of the importance of including diverse forms of knowledge has 
placed increasing pressure on those involved in CCAs. While challenges 
facing the IPCC are the best documented, assessments focusing on 
local to national scales, along with sectoral assessments, face similar 
challenges. Existing practices of conducting CCAs are no longer sustain-
able, even for many subcomponents of climate change, as the volume 
of literature continues to grow.

We argue that there is an important role for the scientific com-
munity in ensuring that credible, transparent, systematic and com-
prehensive assessments take place by conducting topical and regional 
knowledge synthesis that can feed into such assessments. Many of our 
recommendations here are about what researchers can do (and how), 
but advancing knowledge synthesis ultimately requires a much wider 
community effort. Scientific journals and their editors, for example, 
can adopt more rigorous standards and a deeper understanding of what 
constitutes knowledge synthesis, along with valuing the inclusion of 
more diverse forms of knowledge. Traditional literature reviews remain 
the norm, which can lead to misleading conclusions that can hinder 
effective policy-making and scientific progress. Setting clear criteria 
of what constitutes a high-quality knowledge synthesis, requiring reg-
istered protocols and including required methodological transparency 
in journal guidelines could be important steps.

Furthermore, reviewers could be more critical about whether the 
study meets the criteria set for knowledge synthesis, or reviewers with 
specific methodological skills such as information specialists could be 
a requirement for any knowledge synthesis paper. Similarly, funders 
of research should make placing the results of a study in an evidence 
repository a condition of receiving funding to enhance transparency 
and avoid duplication of research, and incentivize knowledge synthesis 
by providing dedicated funding There are several global and regional 
science synthesis centres that support teams of scientists to under-
take knowledge synthesis work and can help support teams to bring 
together existing but disparate data, methods, theories and tools in 
new and unexpected ways. Examples include the African Synthesis 
Centre for Climate Change, Environment and Development in South 
Africa, the National Center for Ecological Analysis & Synthesis in the 
United States, Biodiversity and Ecosystem Services in Brazil and the 
Synthesis Centre for Biodiversity Sciences in Germany.

Robust primary studies are the backbone of meaningful knowledge 
syntheses but so far, the culture of knowledge synthesis is only slowly 
emerging. This needs to develop more quickly to keep informing govern-
ments, businesses and civil society about the best available knowledge 
on pressing sustainability challenges and possible response options. 
We hope that these recommendations are useful to start building such a 
culture and provide these actors with the best available knowledge to act.
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