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Abstract Recent controversy has led to calls for

increased standardization and transparency in the methods

used to synthesize climate change research. Though these

debates have focused largely on the biophysical dimen-

sions of climate change, human dimensions research is

equally in need of improved methodological approaches

for research synthesis. Systematic review approaches, and

more recently realist review methods, have been used

within the health sciences for decades to guide research

synthesis. Despite this, penetration of these approaches into

the social and environmental sciences has been limited.

Here, we present an analysis of approaches for systematic

review and research synthesis and examine their applica-

bility in an adaptation context. Customized review frame-

works informed by systematic approaches to research

synthesis provide a conceptually appropriate and practical

opportunity for increasing methodological transparency

and rigor in synthesizing and tracking adaptation research.

This review highlights innovative applications of system-

atic approaches, with a focus on the unique challenges of

integrating multiple data sources and formats in reviewing

climate change adaptation policy and practice. We present

guidelines, key considerations, and recommendations for

systematic review in the social sciences in general and

adaptation research in particular. We conclude by calling

for increased conceptual and methodological development

of systematic review approaches to address the methodo-

logical challenges of synthesizing and tracking adaptation

to climate change.

Keywords Climate change � Systematic review � Human

dimensions of climate change � Vulnerability � Adaptation �
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Introduction

With growing recognition of the inevitability of climate

change, adaptation has become a core element of climate

policy and research (Smith et al. 2011). Recent years have

witnessed the commitment of unprecedented levels of

adaptation finance through the Green Climate Fund and by

multi/bi-lateral donors, and national governments have to

varying degrees recognized the need for adaptation (Pres-

ton et al. 2011; Termeer et al. 2012). Yet, our knowledge of

how human systems will adapt to climate change remains

limited. The physical basis of climate change, though

complex, can be evaluated vis a vis greenhouse gas emis-

sions. Evaluating and understanding climate change adap-

tation is conceptually murkier, concerned with adjustments

in human systems at different scales and by different

actors, with success likely to be perceived differently
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among scholars, policy makers, and communities (Duerden

2004; Adger et al. 2005; Brooks et al. 2011).

As adaptation financing increases and initiatives are

developed, the need for comprehensive syntheses of exist-

ing research and tools to evaluate progress on adaptation is

increasingly needed. Criticism of existing IPCC assessment

reports have called for research synthesis methods that are

transparent, clearly defined, and limit reviewer/author bias

(Ford and Pearce 2010; Petticrew and McCartney 2011).

Though such debates have been primarily targeted at the

physical basis of climate change, the adaptation literature is

arguably in greater need of systematic synthesis of existing

knowledge if we are to document if adaptation is taking

place and respond to areas of highest impact and/or vul-

nerability, evaluate whether adaptation support is translat-

ing into actions, facilitate comparison of adaptations across

regions and sectors, ensure resources are being appropri-

ately invested, and inform governance systems on the cur-

rent status and gaps in adaptation action (Pielke et al. 2007;

Berrang-Ford et al. 2011; Biesbroek et al. 2013).

In this paper, we seek to contribute to the advancement

of methodology for conducting research syntheses of cli-

mate change adaptation research, with particular emphasis

on the challenge of reviewing adaptation policy and prac-

tice. In doing so, we hope to inform the development of

systematic review frameworks applicable to a variety of

ends, including adaptation assessments. We propose that

systematic review approaches provide a conceptually

appropriate and practical opportunity for increasing meth-

odological transparency and rigor in synthesising and

tracking adaptation research.

We first provide an overview of research synthesis

methods used by researchers from varying disciplines. We

then consider research questions from adaptation policy

and practice, and critically assess the ways in which sys-

tematic methods can be adapted to address complex policy-

relevant research questions, diverse and sometimes-sparse

literature sources, and analysis of qualitative and hetero-

geneous information. Herein, we define adaptation policy

and practice as per Berrang-Ford et al. (2011) and Lesni-

kowski et al. (2011) to include tangible and intentional

actions to reduce vulnerability, increase resilience, and

adapt to the impacts of climate change. This paper is part of

a special edition commissioned by the UK Department for

International Development (DFID) and Canada’s Interna-

tional Development Research Centre (IDRC) to inform the

development of their Collaborative Adaptation Research

Initiative in Africa and Asia (CARIAA) program. The

paper compliments six articles in the special edition that

apply to varying degrees systematic approaches to

reviewing current knowledge on adaptation to climate

change in global vulnerability hotspots (Berrang-Ford et al.

this issue; Bizikova et al. 2015; De Souza et al. 2015; Ford

et al. 2014; Kilroy 2015; Lwasa 2014; Sud et al. 2015;

Tucker et al. 2014).

Systematic approaches to research synthesis

Systematic approaches to research synthesis have been used

unevenly across disciplines and often use different termi-

nology to describe the review process. The term ‘systematic

review’ was first coined within the social sciences (Glass

1976; Waddington et al. 2012), but is predominantly used in

current literature to refer to formal, strictly standardized

review papers, primarily published in the health sciences.

Fewer than 1 %of documents indexed inWeb ofKnowledge

(218 of[60,000) with the title term ‘systematic review,’ for

example, relate to research areas outside of the health or

health-related sciences (Supplemental Materials, Search 1).

Despite the predominance of systematic reviews in the health

sciences, research syntheses guided by systematic methods

are prevalent and diverse (Mays et al. 2005; Barnett-Page

and Thomas 2009; Gough et al. 2012). Terminology used to

describe literature reviews is murky, however, with different

disciplines and publications referring to, for example,

scoping or mapping reviews, narrative analysis, and con-

ceptual synthesis, sometimes using systematic methods but

differentiated from formal systematic review (Table 1)

(Gough et al. 2012). Many reviews employ semi-systematic

techniques, often implicitly, but without using the term

‘systematic’ (Berkhout 2012; McLeman 2013).

Broadly, a systematic review refers to a focused review

of the literature that seeks to answer a specific research

question using pre-defined eligibility criteria for documents

and explicitly outlined and reproducible methods (Cooper

and Hedge 1994; Gough et al. 2012). They are distinct

from other approaches to research synthesis in that they

incorporate an explicit layer of methodological systemati-

zation, adding transparency and reproducibility to the

review process. Though paralleled by other methodological

approaches to research synthesis (Table 1), systematic

review is notable for the degree to which the approach has

been subject to formal standardization. While diverse in

application, a systematic review process generally includes

a number of formal methodological steps that a researcher

follows to identify and analyze literature: (1) define the

research question and scope of the study, (2) document

selection, including development of inclusion and exclu-

sion criteria, (3) critical appraisal of study quality, (4)

analyze and synthesize evidence, quantitative and/or

qualitative, and (5) present results (Petticrew and Roberts

2006; Higgins and Green 2011; Barth and Thomas 2012).

The systematized review process is designed to ensure that

the selection of documents and information sources inclu-

ded is based on a set of clearly defensible criteria rather
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than ad hoc selection or being subject to undisclosed

researcher bias.

Standardized criteria for systematic review approaches

have been criticized for a presumed bias toward analysis of

primarily quantitative data and for their positivist approach

to knowledge synthesis, restricting results based on pre-

defined keywords and inclusion/exclusion criteria, and

lacking the flexibility of more inductive inquiry approaches

(Gough et al. 2012; Ansari and Moher 2013). Despite this

and other critiques, researchers investigating adaptation

have adapted systematic approaches to better meet the

needs of their review questions. This includes combining

quantitative and qualitative analyses, and designing com-

plex literature searches, including iterative search meth-

odologies to capture all relevant articles (Furgal et al. 2010;

Pearce et al. 2011; Biesbroek et al. 2013). Thus, despite

standardized guidelines for what constitutes a formal

‘systematic review’ in the health sciences, systematic

approaches have been widely adapted. Here, we argue that

the term ‘systematic review’ is more appropriately used to

refer to a broad collection of research synthesis approaches

that seek to apply systematic processes to review diverse

and often complex literature bases; for systematic review,

there is no ‘one size fits all.’

Some argue against the use of systematic review

approaches for qualitative research, reasoning that such

attempts have largely imposed structured templates

designed for quantitative research and resulted in a watering

down of critical analysis integral to qualitative research

(Barbour and Barbour 2003). Research synthesis in these

cases is thus highly inductive and iterative, eschewing

systematization and prescriptive methods of review, while

espousing critical inquiry, curiosity-driven research, and

problematization of concepts. In contrast, increasing inter-

est in systematic approaches to research synthesis of qual-

itative literature has led to ‘middle-ground’ approaches and

the use of what is often termed meta-synthesis (Jensen and

Allen 1996; Walsh and Downe 2005; Merten et al. 2010).

Meta-synthesis includes a number of more specifically

defined approaches, including secondary analysis, grounded

meta-analysis, and meta-ethnography (Atkins et al. 2008;

Suri and Clarke 2009; Barth and Thomas 2012; Gough et al.

2012). Many reviews employing a meta-synthesis approach

include explicit description of methods for document

selection, though apply a more iterative process less strictly

defined than the formal inclusion/exclusion criteria

endorsed for many quantitative systematic reviews. At the

analysis stage, meta-synthesis approaches are theory-driven

and focused on inductive and explanatory synthesis rather

than aggregative analysis.

Sharing common characteristics with meta-synthesis,

realist review approaches have been proposed as a model to

address more complex and interdisciplinary research

questions for which strict quantitative systematic review

methods are ill-suited. While espousing the idea of sys-

tematization of the review process, the realist approach

focuses on explanatory analysis and takes a more iterative

approach to gathering evidence. For example, while

aggregative reviews have generally sought to determine

whether a particular intervention works, realist evaluation

would aim to discern what works, for whom, why, and in

what circumstances (Pawson et al. 2005). In realist review

as for meta-synthesis, analysis is based on explicit inte-

gration of a theoretical framework to guide the review

(Pawson et al. 2005; Gough et al. 2012). While realist

approaches have been used predominantly to assess health-

related interventions, the methods are relevant and appli-

cable for adaptation policy and practice. For example,

realist approaches are applicable when the aim of the

research synthesis is to understand why and how a policy/

practice works, for whom, and in what context, it is

effective or ineffective. Why does a policy work in one

country but not another? What are the conditions that affect

the success or failure of this policy? Who wins and who

loses in the context of a given adaptation practice? These

questions often do not lend themselves to quantitative

analysis, are likely to require in-depth contextual analysis;

analytical reproducibility may be less relevant. Realist

review and meta-synthesis are well suited to address

research questions in the adaptation field that seek to

synthesize conflicting evidence from literature that is

epistemologically complex and methodologically diverse.

Systematic review for adaptation research: challenges

and considerations for reviewing policy and practice

literature

In this section, we first assess the extent to which the

adaptation literature has engaged in the use of systematic

review approaches. To do so, we apply systematic docu-

ment selection to identify adaptation articles employing

systematic review approaches. We then draw on this lit-

erature to discuss methodological challenges and consid-

erations for reviewing adaptation policy and practice.

Climate change adaptation research: a systematic

review of systematic reviews

We conducted a systematic literature review to identify

peer-reviewed literature indexed in Web of Knowledge

(WoK) that employed a systematic approach to climate

change adaptation. Our aim herein was twofold, (1) to

characterize the extent to which systematic approaches

have been broadly applied within the adaptation literature,

and (2) to identify a sample of adaptation literature meeting
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minimum criteria for systematic review. Definitions of

minimum requirements for systematic review vary signif-

icantly outside of the health sciences review collaborations,

and there is a notable absence of guidelines for applying

systematic review approaches in the social sciences. To get

a sense of the broad application of systematic approaches

within adaptation research, we employed relatively liberal

requirements for inclusion, focusing on the use and docu-

mentation of systematic approaches for document selec-

tion, or the expectation that selection of reviewed materials

would be in some way replicable. Notably, we did not

exclude based on systematization or description of analysis

or presentation of results, though we would argue that these

components should be mainstreamed as critical minimum

components of systematic review in adaptation research. A

paper was considered to be eligible for inclusion as a

systematic review if it provided explicit description of

methods for document selection, specifically articulating:

(1) search terms, or at minimum a description of search

strings and/or the search process, and (2) inclusion and

exclusion criteria OR a list of reviewed documents. Details

of the review process are provided in the Supplemental

Materials (Search 2).

In Phase 1, we searched for all documents indexed in

the search engine Web of Knowledge with topic words

‘‘adaptation’’ AND ‘‘climat* chang*’’ AND ‘‘review,’’ and

excluding document types other than articles or reviews.

No date or language restrictions were applied, though no

non-English or pre-2009 articles met final inclusion crite-

ria. A total of 720 articles were retrieved at this stage.

Limiting the search to WoK means that our review is not

exhaustive and provides only a proxy sample of the liter-

ature on systematic reviews of adaptation. We also inten-

tionally focus only on literature self-identifying as climate

change adaptation research. In Phase 2, we scanned titles

and abstracts to select papers with clear relevance to cli-

mate change adaptation and with implied use of systematic

or structured review methods. Papers related predomi-

nantly to climate impacts, vulnerability, mitigation, or

general sustainability were excluded, as were papers

focused on adaptation of biophysical rather than human

systems. In order to be retained for full-text review, titles

and abstracts were not required to self-identify as system-

atic, but needed to imply the use of some form of sys-

tematic or structured review approach (e.g.,

‘comprehensive,’ ‘exhaustive’ or reference to number of

documents reviewed). Eighty-two articles were retained

and underwent full-text review, of which 27 met final

inclusion criteria as systematic review articles addressing

climate change adaptation. All included articles were full-

text reviewed to record the systematic process employed in

the review and interrogate trends in the application of

systematic methods used in adaptation literature. This

information was summarized in an excel spreadsheet and

included the aim of the review, theoretical approach,

document source, search terms, description of document

selection, type and description of analysis, and presentation

of results. Excluded articles with some evidence of sys-

tematic methods were also documented to more broadly

characterize review approaches in adaptation research.

Included articles are summarized in Table 2.

Of the 27 adaptation articles identified as meeting our

requirements for systematic review, more than half (18) self-

identified as systematic reviews, of which two were meta-

analyses (Bowler et al. 2010; Shepard et al. 2011). Reflect-

ing the tradition of systematic reviews in the health sciences,

health-related adaptation was the focus of six articles

(Walker et al. 2011; Hosking and Campbell-Lendrum 2012;

Bouzid et al. 2013; Cheng and Berry 2013; Poutiainen et al.

2013; Toloo et al. 2013). The most dominant adaptation

focus within which systematic reviews have penetrated has

been reviewing lessons from, and trends in, adaptation

governance (Hardee and Mutunga 2010; Berrang-Ford et al.

2011; Ford et al. 2011; Pearce et al. 2011; Ford et al. 2012a,

b; Larsen et al. 2012; Murtinho and Hayes 2012; Biesbroek

et al. 2013; Kamau and Mwaura 2013; Vink et al. 2013).

Systematic reviews have not been restricted to this focus,

however, with articles considering tourism (Kajan and Sa-

arinen 2013), business management (Linnenluecke et al.

2013), transport (Eisenack et al. 2012), urban planning

(Bowler et al. 2010), human displacement (McLeman 2011;

McDowell 2013), human management of ecosystem ser-

vices (Heller and Zavaleta 2009; Charlton and Arnell 2011;

Kolstrom et al. 2011; Shepard et al. 2011), and case studies

of generalized adaptation research (Murtinho and Hayes

2012; Ford et al. 2012a, b).

Despite the relatively low number of papers meeting

our—admittedly already quite liberal—minimum criteria

for inclusion, a number of excluded articles employed

systematic approaches in their reviews. We excluded

approximately 20–25 papers that employed some form of

explicit systematic method but did not meet inclusion cri-

teria. For example, a number of papers appeared to use

highly systematic approaches to document selection, but

these methods were not clearly or sufficiently articulated in

the papers to validate or support inclusion (Mills 2009;

Poyar and Beller-Simms 2010; Preet et al. 2010; Huang

et al. 2011; Hunt and Watkiss 2011; Clarke and Berry

2012; Black et al. 2013; Sharmina et al. 2013; Wamsler

et al. 2013). In many of these cases, we suspect the failure

was not in the absence of systematization of the review

process—many of these papers in fact implied highly

systematic and comprehensive approaches—but rather in

documentation of methods. With the rise of electronic and

on-line journals in recent decades, and the associated

opportunity to include Supplemental Materials with many
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journal submissions, it is now feasible to provide more

detailed documentation of search methods. Had authors

included Supplementary Materials in their methods, several

of these papers would likely have met inclusion criteria.

Other papers used some form of semi-systematic approach,

but lacked articulation of keywords or document selection

(Shepherd et al. 2011; Clarke and Berry 2012; Wilby and

Keenan 2012; Bierbaum et al. 2013; Morrison and Pick-

ering 2013; Weinhofer and Busch 2013), or lacked an

explicit or implied list of documents or detail on inclusion/

exclusion criteria (Ford et al. 2010). Of the 27 articles we

reviewed, 21 also described to varying degrees their

methods for analysis despite this not being included as a

requirement for our inclusion criteria. Over half of the

articles also systematically presented results based on

articulated theories, or in clear alignment with their

research questions.

There is evidence, therefore, that engagement with

systematic review approaches has penetrated into adapta-

tion research and is not limited to a particular sub-field

or—notably—a handful of authors. This emergence is very

recent, with the first included article from 2009 and all but

three articles published in 2011 or later. Despite this

emerging application of systematic approaches, there is

negligible evidence of standardization, guidelines for

review documentation, or a methodological baseline for

what constitutes a ‘systematic review’ in the context of

adaptation literature. The exclusion of numerous articles

attempting systematic approaches based on liberal criteria

applied in this paper implies that interest in systematic

review approaches has not be met by guidance and best-

practice consensus on what makes an adaptation review

systematic. We herein hope to contribute to this gap, and

propose guidelines for key components of a systematic

review for adaptation research (Box 1).

Table 2 summarizes the 27 articles indexed in Web of

Knowledge that met inclusion criteria. Articles are catego-

rized based on the aim of review, the literature or informa-

tion source, and analytical approach used to synthesize data.

In the following sections, we draw on these reviews and

categorizations, as well as criteria presented in Box 1, to

discuss some of the challenges and consideration for the use

of systematic approaches to adaptation research synthesis.

Aim of review

Systematic review is a process, not a static outcome, and the

process can be dynamic, flexible, and adaptable to meet a

variety of research questions and reviewer needs. At themost

basic level, we might seek to get a broad sense of the liter-

ature by conducting a scoping review and describing patterns

and trends: e.g., what adaptation policies or practices are

being undertaken? (Eisenack et al. 2012; Ford et al. 2012a;

Kamau and Mwaura 2013; Poutiainen et al. 2013). More

complex research questions might seek to evaluate policy,

explain why, how, and when practices are effective and how

they operate, or to challenge and question theories, para-

digms, or conceptual approaches; realist review frameworks

are particularly appropriate for such questions. Biesbroek

et al. (2013), for example, employ an explicit and clearly

articulated systematic review approach to understand the

conceptualizations and theoretical models used to under-

stand barriers to adaptation. Hardee and Mutunga (2010)

explore how NAPA documents submitted to the UNFCCC

are integrated into national development processes.

Importantly, research questions must be answerable

given the available literature or data. Given frequently

fixed time and financial resources within a research team,

there is an inevitable trade-off between depth and breadth

(Gough et al. 2012). A key difference is whether one takes

a positivist (reductionist) approach to aggregated infor-

mation or an interpretive, explanatory approach using

realist methods (Barth and Thomas 2012; Gough et al.

2012; Waddington et al. 2012). The former may increase

simplicity and presentation of results and the perception of

objectivity, often preferable in informing evidence-based

decision-making (Barth and Thomas 2012). Reductionist

analysis, however, assumes that key insights can be dis-

tilled from generalist trends in a few key measureable

factors, and risks missing critical lessons to be learned from

causes of variation, contextual significance, and unmea-

sured (or not easily quantified) variables. The two

approaches are not mutually exclusive, however, with

mixed methods approaches feasible (McLeman 2011;

Eisenack et al. 2012; Biesbroek et al. 2013). Complex and

context-dependent questions may in some cases be more

policy relevant and of interest to researchers, but often

require iterative and less systematic search strategies and

must be feasible (Gough et al. 2012).

The choice of research question and scope of the topic

will influence what type of review approach is most

appropriate, and thus, the research question and review

methods are often co-designed. In all cases, the research

question must by necessity be aligned with an appropriate

body of literature available for review. In cases where there

are limited empirical data or studies to thoroughly assess

the literature, emphasis on critical appraisal of existing

research, state-of-knowledge scoping reviews, and identi-

fication of priority research gaps and directions remain

important contributions. This is particularly relevant for

rapidly growing fields such as adaptation research.

Literature and information sources

While we may develop policy-relevant and critically

important research questions, the quality of a literature

L. Berrang-Ford et al.
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review will depend upon the quality and quantity of the

available literature; in short, the review question must be

answerable and this depends on where relevant information

can be found and whether it is accessible to the reviewer

(Pawson et al. 2005). In many cases, adaptation policy and

practice research questions may be difficult to synthesize

from existing literature, particularly in the case of evalu-

ation or explanatory questions for which only sparse and

diverse literature exists. In other cases, key information

may be available outside of the peer-reviewed literature.

Restricting a policy review to only peer-reviewed literature,

for example, may miss key trends and insights with sig-

nificant implications for biasing results. Ford et al. (2014)

find that trends in reported adaptation policy and practice

differ substantively by literature source, highlighting the

extent to which results are highly sensitive to the choice of

document types included in a review. Quantitative and even

formal qualitative evaluations of adaptation policy and

practice efficacy are likely to be limited. Research synthe-

ses will often as a minimum necessitate going beyond the

peer-reviewed literature to include extensive consideration

of grey literature. In their review of current research on

adaptation in the transport sector, for example, Eisenack

et al. (2012) draw on peer-reviewed and grey literature,

articulating a clear search strategy, to identify discrete

transportation adaptations. Larsen et al. (2012) review 149

Strategic Environmental Assessment (SEA) reports from

Denmark, and complement these with interviews in six

municipalities to understand how climate change consid-

erations are integrated in SEAs. Kamau and Mwaura

(2013), meanwhile, similarly combine policy documents

with interviews to assess climate change adaptation in

Kenyan Environmental Impact Assessments.

In contrast, for a research question with a very large and

diverse amount of information, the reviewer may need to

identify ways of placing limits on the review so that it can

be feasibly conducted. This might involve restricting the

review to a single literature source (e.g., peer-reviewed

articles, articles indexed only in Web of Knowledge), or

selecting a sample of the literature (e.g., Ford et al. 2014;

Kilroy 2015; Kamau and Mwaura 2013). A reviewer must

place limits on the amount of literature that can be covered,

and this may be done at the defining/scoping stage (Pawson

et al. 2005). Consideration of context, processes, and

mechanisms of causality may require more time commit-

ment per document than extraction of key estimates or

discrete items of information. Many realist or in-depth

reviews, for example, are conducted using fewer than 50

articles, often 30–40 documents (Bouzid et al. 2013; Cheng

and Berry 2013; Kajan and Saarinen 2013; Linnenluecke

et al. 2013), and even in-depth qualitative systematic

analyses with as few as 15–20 articles (Walker et al. 2011;

Toloo et al. 2013).T
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Research has shown that systematic review of complex

and heterogeneous literature bases cannot rely solely on

strict keyword searches (Greenhalgh and Peacock 2005),

and this is likely to apply to many complex adaptation

policy and practice questions. While electronic keyword

searches are the best recognized and standard method for

document selection, there are a number of complimentary

techniques a reviewer can consider using to access appro-

priate documents. Forward and backward citation tracking,

‘snowballing’ methods, and personal knowledge or con-

tacts have been integrated into search methods (Pearce

et al. 2011). The distinction here lies in the complexity of

the topic, with more complex research questions often

necessitating a combination of search approaches and more

flexible or iterative search design. The use of expert-

sourced information can be used both to compliment

electronic searches and as a point of entry into the

literature.

In some cases, research questions will not be answerable

in existing literatures and may require a broader framework

that seeks to include expert or public knowledge (acquired

from interviews, workshops, and stakeholder consulta-

tions). At this point, the research ceases to be a standard

literature review and transitions into the realm of broader

knowledge synthesis frameworks that integrate primary

research. Kolstrom et al. (2011) for example, combine data

from a peer-reviewed literature search, a questionnaire

carried out with key policy makers, and a participatory

database assembled with country representatives to identify

potential adaptation options in European forestry. Kamau

and Mwaura (2013), Larsen et al. (2012), and Murtinho and

Hayes (2012) all to some extent combine external consul-

tation or interviews with literature sources to enhance

Box 1 Proposed components of a systematic review in adaptation

research

Research question/aim

Explicit aim and objectives of review Including context and

scoping of the research problem. This information should

frame the research question and be directly aligned with

inclusion and exclusion criteria, i.e., what literature is not

considered? What questions are not asked? What is the spatial

and temporal frame within which the review is conducted?

Clear description of theoretical or conceptual approach used to

guide the review Even predominantly quantitative reviews

draw—whether explicitly or implicitly—on key theories or

paradigms within their respective literature (e.g., public health

intervention, epidemiologic causal theory, supply–demand

economics, ecosystem services). Systematic reviews should

summarize prevailing literature and concepts that inform the

review, with this context clearly guiding the articulation of

research questions and methods, and in many cases also the

presentation of results

Data source and document selection

Justification and description of literature source, and

consideration of bias arising from the selection of literature

source. This should consider literature type (peer-reviewed,

grey, policy docs, other), language, search engines selected,

and dates considered

Articulation of search terms and/or detailed description of

search process Ideally, explicit description of search strings,

terms, and search criteria. Highly iterative search processes

may be appropriate in some cases, but risk compromising

theoretical reproducibility

Description of criteria for inclusion and exclusion Inclusion and

exclusion criteria (often summarized in tabular format) are

generally directly inferred from, and aligned with, clearly

identified objectives and detailed scoping of the research

question. These criteria specify how the research question and

frame are methodologically operationalized during the search

and document selection process

Documentation of literature included and excluded With the rise

of electronic journal publishing, it is increasingly feasible to

include more detailed documentation of literature searched and

sorted within the review process. Diagrams of the document

selection process (e.g., Berrang-Ford et al. 2011) are common,

though at minimum systematic reviews should summarize key

literatures excluded and provide a list or link to included

documents

Analysis and presentation of results

Description of methods for analysis This is perhaps the most

neglected component of current systematic reviews, many of

which do not clearly articulate how documents are reviewed or

analyzed. Quantitative reviews are generally guided in part by

inferential or descriptive statistical analysis. Qualitative

analyses are often guided by thematic content analysis

(manifest or latent), sometimes involving quantitative or

qualitative coding. Many reviews implicitly use a theoretical

approach or research questions to guide analysis. At minimum,

systematic reviews should explicitly align analysis with the

research aim and theoretical approach used for the review, and

outline this approach, even if briefly, in the methods section of

the text

Critical appraisal of information quality It is standard in the

health sciences to evaluate the methodological quality of

included research and include a quality filter for inclusion. In

realist review, a quality filter may not be used simply to

exclude entire documents, but rather to consider the quality,

relevance, and significance of different information in

providing insight into the research question. The central tenant

here is that not all documents or pieces of information are

equally relevant or reliable in the context of a particular

research question and should not be treated as such. While

peer-reviewed literature is often considered more ‘rigorous’ or

‘reliable,’ for example, grey literature may provide valuable

explanatory information, and stakeholder engagement might

provide critical context for policy relevance of results.

Particularly for evaluative and explanatory systematic reviews,

consideration of the quality and relevance of different

document, research, and data sources should be mainstreamed

into the review process
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depth of analysis. Though not always meeting our criteria

for inclusion, integration of participatory approaches was

not uncommon in adaptation reviews, including solicitation

of feedback on early literature review results from policy

makers (Adam-Poupart et al. 2013), engagement of com-

munity stakeholders in the adaptation planning (Pearce

et al. 2012), and key informant interviews to assess adap-

tation mainstreaming in public health (Clarke and Berry

2012). We argue here that in the case of policy and prac-

tice, consideration of systematic approaches to synthesiz-

ing knowledge should not be restricted to reviews of

existing literature only. There exists a growing literature on

the systematic collection and use of expert-sourced or

public knowledge (Davis and Wagner 2003; O’Neill et al.

2008; Taewoo 2012; Raymond and Robinson 2013) that

might provide an innovative and potentially appropriate

complement to standard sources of information in existing

literature.

Analyzing and synthesizing evidence

We anticipate that many adaptation review questions will

employ qualitative or mixed methods analysis, and employ

theoretical models other than—or in additional to—statis-

tical theory to guide synthesis of evidence. While quanti-

tative—likely predominantly descriptive—analysis may be

feasible as a component of scoping reviews, it is often

poorly aligned with more explanatory or realist questions

or for complex, diverse and sparse literature. Lack of

quantitative analysis, however, does not imply lack of

rigor, validity, or transparency in a review, particularly

where analysis methods are clearly and explicitly docu-

mented and reported. Qualitative extraction and analyses

are commonly guided by theoretical frameworks or con-

ceptual models used to frame the review. Vink et al.

(2013), for example, frame their review of adaptation

governance using theoretical constructs of knowledge and

power, with their theoretical framework explicitly descri-

bed in the methods section and results summarized around

these concepts. The predominant theories guiding the lit-

erature we reviewed included adaptation and vulnerability

theory (e.g., Ford et al. 2012b), statistical theory in the case

of meta-analyses (Bowler et al. 2010; Shepard et al. 2011)

and public health (Walker et al. 2011; Hosking and

Campbell-Lendrum 2012; Bouzid et al. 2013; Cheng and

Berry 2013; Toloo et al. 2013).

Recalling the distinctions between aggregative and

explanatory review objectives, it may be relevant and

important here to seek out and explore contradictory evi-

dence or outliers to provide insights into context (Forbes

and Griffiths 2002; Barbour and Barbour 2003; Pawson

et al. 2005): Why did this community successfully adapt to

increasing extreme weather events while another did not?

Is there evidence to explain why one household, commu-

nity or nation is able to engage in adaptation practice more

effectively than others? This type of information, critical

for adaptation policy, may only be distilled in realist

understanding of the context behind divergent evidence

and results. Toloo et al. (2013), for example, investigate

not only whether health warning systems (HWS) are

effective in reducing heat-related health impacts associated

with climate projections, but also what factors are critical

in influencing the effectiveness of HWS. Biesbroek et al.

(2013) similarly adopt realist thinking by considering not

only questions of ‘if’ and ‘which’ barriers to adaptation

exist, but also ‘how’ and ‘why’ barriers emerge.

In some cases, authors applying systematic review

approaches have reported formal descriptions of review

methods, yet not labeled or indexed their work as ‘sys-

tematic’ (Hardee and Mutunga 2010; Charlton and Arnell

2011; Kolstrom et al. 2011; Hosking and Campbell-Len-

drum 2012; Larsen et al. 2012; Murtinho and Hayes 2012;

Cheng and Berry 2013; Kamau and Mwaura 2013;

McDowell 2013). In many more cases, methods are not

explicitly reported at all, and it is presumed that authors

have applied formal or informal thematic content analysis

to extract key themes, either based on latent or manifest

content analysis (Baxter and Eyles 1997). We argue here

that more explicit and detailed reporting of analysis

methods for qualitative reviews would contribute to both

improved transparency and increased ability to critically

assess the rigor of review methods.

Discussion

For a systematic review, there is no ‘one size fits all.’

Despite the perception that systematic reviews must follow

strict guidelines, those guidelines must be developed and

adapted for their application. Systematic review reflects

efforts by researchers to increase the transparency and

intentionality of the methods they use to identify, select

and analyze available information. A strength of systematic

approaches is that explicitly reported methods allow the

quality and reliability of results to be reproduced and

examined. The current de facto, if unintentional, monopoly

of the use and application of systematic reviews within

health and associated sciences has, however, restricted its

use in other domains grappling with complex research

questions, a range of conceptual and epistemological

approaches, and diverse information sources. Reviews of

adaptation policy and practice are unlikely to lend them-

selves to standard approaches to systematic review, and as

a result, there has been limited penetration and use of

systematic approaches in adaptation research. This is

despite ongoing and increasing calls for transparency of
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review methods, particularly within the Intergovernmental

Panel on Climate Change (IPCC)’s Assessment Reports

(Petticrew and McCartney 2011; Ford et al. 2012c), and

paralleled by calls in international development literature

(Waddington et al. 2012). New methodological tools to

support evidence-based reviews of adaptation policy are

sorely needed.

Some, such as Barbour and Barbour (2003) argue

against the use of systematic review approaches for qual-

itative research, noting that in many cases strict adherence

to ill-suited guidelines have limited the scope of reviews

and compromised critical analysis, consideration of con-

textual complexity, and quality of results. We argue that

poorly designed reviews do not negate the potential for

systematic approaches to provide meaningful and sub-

stantive contributions to the literature. Adaptation research,

in particular, is inherently interdisciplinary and necessitates

engagement across the physical and human sciences.

Retreat from opportunities for integrative research syn-

thesis risks deepening a polarization of methodologies

between physical and social scientists. We propose

increased engagement with the flexible and creative

potential of systematic review approaches to address

complex adaptation challenges using intentionally

designed, transparent, reproducible, and explicitly docu-

mented methods of research synthesis.

Integrating literature and results from different research

traditions and using different methods remain, however, a

fundamental challenge of adaptation research synthesis.

These include but are not restricted to the conceptual

challenge of how to define adaptation in a way that can be

applied consistently and comparably, identifying compa-

rable and comprehensive sources of information, and the

time and human resources—including appropriate exper-

tise—required to synthesize large and heterogeneous

information sources. We argue for two approaches to tackle

this. First, systematic reviews should seek to review liter-

ature whose commonality is relevance to answering a

particular research question rather than methodological or

ontological similarity. This will require careful a priori

consideration of search terms and literature sources that

reflect a diversity of research traditions. Importantly, this

will narrow and clarify the scope of the research question

and allow the researcher to evaluate the feasibility of the

review. Secondly, the analysis stage should apply a critical

lens to judge the extent to which information is relevant to

the research question and might be biased by the methods

or theories guiding the research. This quality and relevance

filter should be informed by a clear understanding of

ontological and methodological differences in the literature

and how they impact results. In this sense, we propose

infusion of realist approaches into the application of sys-

tematic review methods in social sciences.

The greatest potential of systematic approaches for

adaptation research may lie in their use beyond the tradi-

tional model of literature reviews. In some cases, reviews

have used discrete events or adaptation actions as the unit

of analysis rather than individual articles. Kolstrom et al.

(2011) identify 444 forestry adaptation measures for 19

European countries, while Heller and Zavaleta (2009)

extract 524 biodiversity management recommendations

from 113 peer-reviewed articles. Similarly, Lesnikowski

et al. (in press), and Poutiainen et al. (2013), code adap-

tation initiatives as a unit of analysis. McLeman (2011)

uses systematic review methods to identify 246 examples

of abandoned settlements arising from global environ-

mental change. Similarly, many emerging reviews in the

adaptation field are employing mixed methods, including

quantitative and qualitative primary data and results, and

often guided by both aggregative and theory-driven realist

perspectives. This research reflects new and diverse

applications of systematic approaches to research

synthesis.

Of particular note are efforts to integrate different lit-

erature types and information sources. In the case of

Tompkins et al. (2010), for example, they include infor-

mation drawn from expert advisors, snowballing from

government and private sector annual reports, and solicited

feedback from a request for evidence of adaptation sent via

monthly mail out to the UKCIP mailing list. Tompkins

et al.’s work, indexed as primary research rather than a

review, is notably absent from our systematic review list,

highlighting the potential challenge of distinguishing

research from review at the boundaries of integrative and

participatory research synthesis. Such research crosses the

boundary between standard literature reviews and primary

research, yet is guided by attempts to systematize the

process of research synthesis and integrate diverse infor-

mation sources. Researchers interested in conducting rig-

orous and comprehensive syntheses of the state of

knowledge for a particular research question might inte-

grate a review of existing literatures with primary data

collection (interviews, workshops, crowd-sourcing, expert

opinion) within a comprehensive systematic information

synthesis framework. There is potential therein to address

criticisms of overly structured approaches within system-

atic frameworks by integrating new information sources

and creating opportunities for participatory knowledge

creation and social learning. It is here that knowledge

synthesis, built within a framework guided by systematic

approaches to reviewing diverse information, may be of

most relevance and benefit to improving our understanding

of the human dimensions of climate change.

We herein propose guidelines for systematic review in

adaptation research (Box 1). In the short term, we seek to

guide and inform adaptation researchers seeking more
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systematic approaches to research synthesis. In the longer

term, we hope to stimulate collective development and

consensus regarding minimum expectations for systematic

review in adaptation research. We do not seek to impose

methodological templates on adaptation research, but

rather to provide current and future reviewers of the

adaptation literature with a broader toolkit of ideas,

approaches, methods, and tips to guide and promote

adaptation research synthesis. Our recommendations in

Box 1 imply significant investment of time, resources, and

training, to conduct thorough and rigorous research syn-

thesis, to develop evolving guidelines, and to build

capacity and knowledge in systematic review approaches.

We argue here for the value of that investment for research

rigor, policy relevance, and evidence-based adaptation

research.
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