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Abstract
In the age of big data, case studies build the foundation for the large-scale models that are increasingly being used for 
decision and policymaking. In this systematic literature review, we investigated the geographic, methodological, and 
conceptual characteristics of case studies in climate change science to evaluate the extent they provide policy recom-
mendations to answer the questions: how can researchers best gather and report policy-relevant information for climate 
change adaptation, resilience, and/or recovery? What are the current themes within the literature, and how can these areas 
best advance as policy-relevant fields within climate change science? Findings highlight that policy recommendations were 
more robust, and significantly more likely, in case studies that employ participatory research methods; and geographic 
characteristics and use of theoretical frameworks are associated with providing policy recommendations. On the other 
hand, studies that focus on biophysical parameters of climate change offered weak or no policy recommendations. Thus, 
we conclude that local-level case study research can serve as validation and calibration data for large-scale models as 
long as they accurately represent the local values and perceptions of the people in the study area. We elaborate on the 
opportunities that exist in non-human, biophysical, research for communicating findings to policy-friendly audiences.
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1 Introduction

Anthropogenic climate change is a threat to all humans, 
causing risk to land quality, personal property, and liveli-
hoods [1, p. 80, 2]. The human capacity to adapt to these 
changes, remain resilient, and recover from climate dis-
turbance is critical for the survival of communities, cul-
tures, and countries in the twenty first century. In such 
a pursuit, scientists have ventured in studying different 
ways in which communities around the world mitigate 
and adapt to climate change’s dangerous impacts, such 
as novel forms of participatory governance [3], finding 
adaptation and mitigation synergies that increase carbon 

sequestration potential [4], understanding the role of 
social networks in climate communication [5, 6], and iden-
tifying the benefits of community driven natural resource 
conservation programs [7]. Designing and enforcing poli-
cies that address the severity of climate change impacts is 
a complex process, and despite the abundance of exam-
ples in the literature policymakers may be hesitant to 
implement new regulations without practical and action-
able evidence in support of their efforts [8]. As a result, 
there has been an increasing interest in policy-relevant 
scientific research supporting climate change resilience 
and adaptation at the local and global scales [9, 10].
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With the beginning of the digital revolution, policy-
makers have been increasingly recognizing the potential 
of big data analytical methods to support their decisions, 
including climate-forecasting global circulation models 
[11, p. 159], natural resource life cycle modelling [12], and 
social networking models [13]. The advancement of such 
models and techniques offers an unprecedented insight 
into regional and global phenomena [14]. Still, models 
like these are still in the earlier stages of development 
and require calibration and validation through the com-
parison with local data, which are most often generated 
through fieldwork and case study research [e.g., 15]. Such 
case studies run the gamut from systematic evaluations of 
timber harvest efficiency and succession [16], to local and 
regional surveys regarding human health and well-being 
[17]. The policy implications of a new landscape of small 
and big data are yet to be fully materialized. However, the 
degree and quality of policy engagement in recently pub-
lished climate change research begin to unravel the role 
local-level data can play in policy-making in the digital 
age.

In this article, we systematically review case studies 
in climate change science to evaluate the relationship 
between the methodological characteristics of a study 
and the extent they provide implementable policy rec-
ommendations to answer the questions: In what ways 
is (case study) research design associated with reporting 
policy-relevant information for climate change adaptation, 
resilience, and/or recovery? What themes stand out within 
the literature in relation to engaging with climate change 
adaptation or mitigation policies, and how can these areas 
best advance as policy-driven foci within climate change 
science? The review includes a meta-analysis of climate 
change research on adaptation, resilience, and recovery 
that involve field data from case studies or study sites 
(e.g., sample plots) published between 2012 and 2017. 
The objectives of the systematic review were (1) to syn-

thesize recent climate change research using case study 
or field site data to provide a general description of this 
body of literature; (2) gauge the extent to which research 
involving case and field study data provide policy recom-
mendations, and how this varies by study characteristics; 
(3) assess how researchers integrate local-level data with 
secondary sources and; (4) qualitatively describe insights 
in case study research based on nuanced themes within 
the reviewed articles.

Our study stands out in two specific ways: First, our 
approach combines analysis of studies involving human 
and non-human actors. Second, the unique composition 

of the research team embodied interdisciplinary perspec-
tives used to review and analyze the existing body of lit-
erature. Our results aim to inform researchers who desire 
to make explicit linkages between scientific findings and 
policy formulation, whether they are ‘foot soldiers’ collect-
ing data in the field, or ‘big data’ analysts working to inform 
their models using case study data.

2  Methods

This review article blends systematic meta-analysis [18] 
with a focused qualitative approach [e.g., 19] in order to 
provide both statistical analysis of the evaluated literature 
and a nuanced qualitative assessment of some selected 
themes that emerged from the reviewed work. An inter-
disciplinary research team representing ecology, geogra-
phy, public policy, and women’s studies conducted the 
review of climate change research involving case studies 
of human populations and/or the collection of biophysical 
field data. The research team met weekly from January to 
May, in 2017, to develop consensus regarding classifica-
tion schemes, harmonize data collection, discuss findings, 
and engage in team-building exercises to facilitate inter-
disciplinary collaboration. The following section describes 
the article selection process, including the inclusion and 
exclusion criteria, the process used to make the final deter-
mination of the article sample, data collection, statisti-
cal analysis and thematic foci for the qualitative review 
component.

2.1  Document selection and review

The title, abstract, and keywords of all peer-reviewed Eng-
lish articles indexed in the Web of Science SCI-EXPANDED, 
SSCI search engines were searched using the following 
code:

For the purposes of our analysis, case studies were 
defined following Yin [20, p. 13] as an empirical inquiry 
investigating a contemporary issue within its real-life con-
text by collecting data from individuals. The term study 
area was used to allow for the inclusion of research con-
ducted in a specific geographically delimited area because 
it is representative of a larger ecological system.

TS = (“ Climate Change” AND(Adaptation OR Resilienc* OR Recovery)AND (“Case Study” OR “Study Area”))
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The search was restricted to include only articles pub-
lished between 2012 and 2017 in journals classified in at 
least one of the following Web of Science categories:

The basis for the journal classification selection involved 
an assessment of the journal outlets publishing climate 
change research involving case studies and other field 
data collection by both social and physical scientists. Fig-
ure 1 outlines the selection and review process in 5 phases. 
All potentially relevant articles identified in phase 1 were 
segmented into four categories using the bibliometric 
and visualization software VOSviewer [21]. This method 
clustered articles based on similarities between the works 
cited. Bibliometric clustering resulted in four article group-
ings unified by overarching themes. The team identified 
the main themes of each cluster based on a joint review 
of cited references and ten randomly sampled articles 
from each. The four clusters were assigned to members of 

WC = (Environmental Sciences OR Environmental Studies OR Geography OR Geography,

Physical OR Social Sciences, Interdisciplinary OR Planning and Development

OR Ecology OR Area Studies OR Urban Studies OR Forestry)

the research team with the most demonstrated expertise 
in that area. The member of the team with the broadest 
range of research experience reviewed all articles, which 

Phase 1: Data Gathering
Via Web Of Science, articles published 2012-2017
containing keywords: climate change AND

           adaptation OR resilien* OR recovery
AND case study OR study area

n=690

Phase 3: Data Screening & Consensus Review
Abstracts and key words reviewed by two readers, criteria for inclusion:

1. Empirical research addressing question(s) on climate change
2. Involved a case study or focused on a particular study area
3. Spatial extent of the case study/study area(s) local or subnational in scope 
4. Involved primary data collection

n=232

Phase 5: Data Coding and Consensus Review
Articles subject to rubric (see appendix) by two readers to determine final eligibility for 
review; criteria for inclusion:

1. Climate change as core concept
2. Deep engagement with key terms (adaptation, resilience, recovery)
3. Verify primary data collection
4. Spatial extent of local or subnational

n=155

Phase 4: Selected Paper Reassignment 
and Data Scoping
Researchers reassigned papers based on thematic
expertise of reader and equitable distribution of labor

Phase 2: Data Clustering
Cluster articles for review based 
on bibliometric relationships
Cluster 1, Forestry & Agriculture

n=237
Cluster 2, Natural Resource Management

n=181
Cluster 3, Participatory Research Methods

n=172
Cluster 4, Urban/Rural Livelihoods

n=100 Kept:
Cluster 1, n=52
Cluster 2, n=75
Cluster 3, n=78
Cluster 4, n=27

Papers Excluded:
Lack of focus on climate change

n=45
No use of key search terms

n=6
Only used secondary data

n=13
National spatial extent

n=6

Fig. 1  Flow chart of the article selection and screening phases

ensured independent data screening by two analysts in 
all subsequent steps.

Drawing on the methodology described by Brandt et al. 
[22], two readers reviewed each abstract based on ques-
tions to identify relevant articles (Fig. 1). Team members 
discussed assessments of the inclusion criteria at weekly 
team meetings to ensure consistent interpretations. Ques-
tionable cases that arose throughout the process were 
discussed and cleared during meetings. In cases where 
a decision of inclusion/exclusion for a specific article dif-
fered between the two independent readers, additional 
time was allocated to arrive at a consensus-based deci-
sion. After completing the initial review of the abstracts, 
the team collectively reassigned some select papers based 
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on their thematic area. During the previous phase, both 
reviewers noted when the topic of an article fell within 
the area of expertise of another member of the research 
team. All reassignments were based on team discussions 
and consensus.

All articles included in the sample were then down-
loaded and assessed independently by two reviewers 
using a pre-designed rubric to capture quantitative, qual-
itative, close-ended categorical data, and open-ended 
notes or comments (Supplementary Material 1). The rubric 
included questions regarding the characteristics of the 
author(s), the case studies conducted, the data collection 
and analytical methods employed, the stated policy impli-
cations of the research, and other factors. As in phase 3, 
the second reviewer read all articles in the sample in order 
to ensure continuity between the four different thematic 
clusters. In addition, some articles were excluded from the 
sample if the team determined, after a review of the full 
article, that it failed to meet the inclusion criteria outlined 
in phase 3. As with the previous phase, team members 
had weekly discussions regarding any questions that arose 
during the coding process to ensure a uniform analysis. A 
final sample of 155 articles was selected for coding and 
analysis (Supplementary Material 2).

2.2  Analytical approach

2.2.1  Systematic meta‑analysis review

After the article selection and coding process was com-
pleted, data from the review rubric were entered into a 
database for analysis. Descriptive statistics were used to 
describe the overall sample of articles. Cross-tabulations 
were used to examine how article characteristics (e.g., 
geographic region of study, spatial scope, rural or urban 
focus, data collection techniques, and methodological 
approaches) varied for articles employing case studies, 
field studies, or a combination of both. Chi square (χ2) and 

Fisher’s exact tests were conducted to identify statistically 
significant associations between article characteristics and 
the inclusion of policy recommendations. All p values refer 
to χ2 tests unless otherwise indicated. The software SAS 
was used for all statistical analyses.

2.2.2  A qualitative review of selected themes

Following the example of Brown [19], this review discusses 
selective themes that emerged from the overall sample 
to illustrate in more detail the associations found in the 
analysis. This component of the review involved four team 
members from different disciplines conducting separate, 
in-depth assessments of selected articles which were 
then discussed and synthesized into a collective discus-
sion below. The approach taken for the qualitative review 
allowed the team members, each with different discipli-
nary perspectives and backgrounds, to critically reflect on 
the literature they found to be illustrative of an insightful 
theme that emerged during the systematic review of the 
articles. Team members discussed the content of the quali-
tative reviews at weekly team meetings.

3  Results

3.1  Descriptive characteristics of the dataset

Descriptive statistics of the final sample (n =155) show 
that 73% of the articles exclusively collected and ana-
lyzed primary data from individuals (In this article, we call 
these human studies), 15% focused on biophysical data 
from field sites (non-human studies), and the remaining 
12% used both types of data (coupled studies). Figure 2 
summarizes the geographical focus of the reviewed arti-
cles using the World Bank’s regional classification system. 
Figure 3 shows the relationship between the first author’s 
geographic region, the type of study, and the region where 

Fig. 2  Geographic distribution of the affiliation of first authors (top) and region where the study took place (bottom)
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the study took place. From our sample, 70% of articles dis-
cussed the policy implications of their research or made 
recommendations decision-makers based on presented 
findings; although the degree to which articles engaged 
with policy varied substantially across the sample.

In broad geographical terms, the majority of first 
authors were affiliated with institutions in Europe or 
Central Asia (36%), followed by East Asia and the Pacific 
(mainly Australia) and North America (25% and 25%, 
respectively). These three regions accounted for the major-
ity of first authors in all subcategories, with almost half of 
the natural systems studies (48%) first authored by some-
one with institutional affiliation in Europe or Central Asia. 
When looking at where studies took place, East Asia and 
the Pacific had the greatest overall coverage (26%) and this 
region was the focus of the largest share of human systems 
studies (26%) and the second largest share of coupled 
human-natural systems studies (23%). The largest num-
ber of natural systems studies focused on locations within 
Europe and Central Asia (33%). Of the reviewed articles, 
only 1% had a study area located in the Middle East or in 
North Africa; only two human studies taking place in this 
regional grouping.

3.2  Statistical relationships

Few geographic characteristics have statistically signifi-
cant associations with whether or not the article provided 
policy recommendations. Articles involving a case study 
or field site within Sub-Saharan Africa (p = 0.034) or a first 
author with an institutional affiliation there (p = 0.033, Fis-
cher) were more likely to include policy recommendations. 
Indeed, all ten papers first authored by someone affiliated 
with the region did so. The opposite relationship was true 
for articles with study areas located in Europe and Central 
Asia (p = 0.008) or first authors affiliated with institutions in 

this region (p = 0.004). Despite the common critique that 
case studies prioritize the local level [23, 24], 70% of the 
articles conducted research at the regional scale (extra-
local but still subnational). The relationship between the 
scale of analysis (i.e., local or regional) and providing policy 
recommendations was not significant.

Scientific collaboration across fields was prevalent in 
our sample. Multidisciplinary teams authored 60% of the 
articles and 78% of the biophysical systems studies. The 
majority of articles had at least one author with an institu-
tional affiliation where the study took place (79%), and that 
figure is even higher for biophysical systems studies (96%). 
Nevertheless, there was no statistical association between 
the multidisciplinary composition of authors, their institu-
tional affiliation, and providing policy recommendations.

Methodological characteristics, like analytical frame-
works and data collection, emerged as important charac-
teristics associated with policy recommendations. Meth-
odological representation was evenly divided between 
studies using quantitative approaches (33%), qualitative 
approaches (35%), or a blend of both (32%). However, as 
would be expected given the use of biophysical data, all 
non-human studies employed quantitative methodolo-
gies. Overall, studies using quantitative methodologies 
(p = 0.000) were less likely to highlight the policy relevance 
of the reported research. In contrast, data collection and 
methodological approaches associated with human stud-
ies, such as the participatory activities/exercises (p = 0.003), 
focus groups (p = 0.001), and the use of ethnographic tech-
niques (p = 0.002) were all more likely to discuss policy. 
Human studies (p = 0.000) were more likely than natural 
or coupled studies to include policy recommendations or 
discuss the policy implications of the research.

Exactly half of the articles explicitly mentioned the 
theory or conceptual framework guiding the research. 

Fig. 3  Descriptive distribution of a country of the first author, b type of article (i.e., human, biophysical, or coupled studies), and c country 
where the study took place
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These articles that referenced the theory or conceptual 
framework (p = 0.008) or discuss power asymmetries or 
structural inequalities that exacerbate the impacts of cli-
mate change (p = 0.084) were more likely to provide policy 
recommendations, but these characteristics were almost 
exclusively found in human studies.

When analyzing only the subset of human studies arti-
cles, a research methodology that included some kind 
of participatory activities (p = 0.079) and focus groups 
(p = 0.029) remain significantly more likely to provide 
policy recommendations. Only one relationship emerged 
as statistically significant within the human studies sub-
set while insignificant for the overall sample: urban ver-
sus rural focus. Articles with case studies in rural areas 
(p = 0.019, Fischer) were more likely to make policy rec-
ommendations than those exclusively focused on urban 
areas.

The overall sample was evenly split between stud-
ies using only primary data (50%) and those integrating 
primary and secondary data sources (50%). However, the 
type of data had no significant association with policy 
engagement. This was true for the entire sample and for 
all three of the study subsets (i.e., human, biophysical, and 
coupled). Core concepts did display an association with 
policy engagement, with articles addressing adaptation 
(p = 0.003) more likely to do so and those addressing recov-
ery (p = 0.019, Fischer) were less likely. However, most of 
these associations were not statistically significant within 
the three study subsets.

4  Emerging themes in the literature

The results from the meta-analysis broadly suggest that 
geographic location of study and affiliation of authors, the 
methodology employed, theoretically-framed research, 
and the type of data collected are all significant charac-
teristics that are associated with research-policy integra-
tion through policy recommendations. The most appar-
ent finding is the clear distinction between human and 
non-human studies, with the former being more likely to 
provide policy recommendations than the latter. The quali-
tative assessment of trends and themes in climate change 
adaptation and resilience literature is a useful mechanism 
to unpack these associations with nuance and with the 
aim of synthesizing our findings.

4.1  Human‑oriented studies most likely to offer 
policy recommendations

When unpacking the significant characteristics of the 
human studies, Gibson-Graham’s [25] formulation of the 
“ethics of the local” is a helpful conceptual tool to imagine 

how locally focused research can have broader social 
and economic transformative significance. The Ethics of 
the Local primarily acknowledges the particularity of the 
“local” recognizing the difference and otherness with the 
intention of cultivating local capacity [25]. Particularity 
and contingency were demonstrated by reviewed studies 
that employed ethnographic methodologies that helped 
understand specific circumstances of different communi-
ties around the world [7, 26, 27]. Some case studies include 
clear policy recommendations that aimed at cultivating 
local capacity and reducing vulnerability [e.g., 28], while 
increasing the participation of local stakeholders in the 
research process. In this sense, these case studies sought 
not only to describe a scientific reality but also to influ-
ence and transform the social-environmental regime of 
that locality. Evidently, each case study highlights findings 
which are to some degree generalizable yet reinforce the 
specific conditions of each place.

Within the human studies sub-sample, a clear divide 
emerged between articles focused on urban high-income 
or rural low-income communities. In particular, researcher 
differed in the way elicited knowledge and perceptions 
from local inhabitants regarding climate change. In the for-
mer, researchers generally asked respondents to consider 
climate change as a broad, long-term scientific phenome-
non, while in the latter the focus was more on asking about 
recent changes in the weather. Many of the studies con-
ducted in rural or low-income study areas asked respond-
ents questions such as whether they had observed rising 
temperatures [29], if rainfall had become more variable 
[30] or if drought was more frequent [31]. When research-
ing rural low-income communities, the authors did not 
acknowledge or justify their decision to focus on observ-
able variability rather than on long-term trends. This may 
be related to the way people understand climate change 
effects based on geographical location. Regardless, the 
apparent lack of consistency in methodology presents 
challenges to researchers or policy-makers who wish to 
understand how climate change is affecting livelihoods 
in a broader sense. Given this inconsistency, attempts to 
compare research results from different geographic areas 
will become increasingly challenging. Thus, designing and 
enforcing climate adaptation policy may broadly benefit 
from a greater integration of lessons learned from urban 
high-income and rural low-income communities.

4.2  Participatory methods are associated 
with policy recommendations

Data collection methods that are most commonly asso-
ciated with human studies include interviews, surveys, 
focus groups and workshops, all of these are significantly 
associated with providing policy recommendations. These 
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methods were employed in articles which engaged with 
communities and investigated how changes in climate 
are experienced by people at the local level. Based on the 
reviewed literature, it is clear that the weather today pre-
sents more and different challenges than it did in the past. 
These findings show that, overall, people quite accurately 
perceive the degree and magnitude of changes in the 
weather [32–34]. Case studies that used historical mete-
orological data for validation found that weather changes 
described by the community were generally correct [28, 
35, 36]. This suggests that case study research have the 
potential to provide valuable information for climate 
change science, particularly in areas with limited long-
term meteorological data. As such, participatory methods 
have the capacity to uncover relevant aspects of the local 
social life [37].

Some of the methods employed target local percep-
tions as a way to understand local values and past experi-
ences that influence the way communities engage with 
governance structures and how they ultimately address 
climate change impacts [38, 39]. Our analysis shows the 
importance of using local-level perception data to inform 
regional adaptation policies in ways that account for local 
priorities and needs [38, 40, 41]. Research in this area high-
lights the long-term benefits of employing participatory 
methods that support adaptive environmental manage-
ment [38, 42, 43]. Openness to a diversity of views and 
perceptions can empower marginalized stakeholders and 
promote learning among diverse stakeholders about the 
trade-offs and benefits of different adaptation options. In 
addition, participatory research that facilitates the interac-
tion among stakeholders with different views may contrib-
ute to building cooperation between individuals or groups 
with opposing interests [44, 45].

Participatory research methods also promote local 
participation in areas where there are contentious, often 
opposing, views on how to address climate change risks 
and vulnerability [46, 47]. Case study research that brings 
together scientists, policymakers, and local inhabitants 
through participatory methodologies like focus groups 
and workshops tend to provide opportunities to incor-
porate local knowledge into management processes [48, 
49]. These approaches have gained attention in policy and 
practitioner circles for their capacity to engage with mul-
tiple stakeholders and direct research in ways that benefit 
the overall community [10]. Moreover, these approaches 
have the potential to help identify awareness and infor-
mation gaps among stakeholders, which may help in 
crafting tailored communication across different types of 
stakeholders and support the successful implementation 
of adaptation strategies [49].

Taken together, the human studies reviewed in this 
article that employ participatory research methods are 

strongly associated with providing policy recommenda-
tions. Further research is necessary to unpack and under-
stand this trend. Nonetheless, integrating local partici-
pation in climate change adaptation is likely to facilitate 
discussion and learning on the appropriate responses to 
climate impacts.

4.3  Policy potential for carbon sequestration

Even though biophysical, non-human, studies did not 
have a statistically significant association with providing 
policy recommendations, some did employ qualitative 
forms of engagement with local actors. Within the bio-
physical subsample, carbon sequestration emerged as a 
prominent research focus. While local efforts to mitigate 
carbon emissions make a small difference to the global 
carbon budget, the potential for wide-reaching policies 
to make an impact remains large. There are three studies 
that focused on the decision-making process behind for-
est carbon management, though they found that carbon-
smart policies were implemented with varying levels of 
success [7, 50, 51]. Each of the three studies interviewed 
forest managers, gaining insight into the on-the-ground 
management practices that drive long-term carbon reten-
tion and sequestration. Ellenwood et al. [50] interviewed 
federal forest managers in Durango, Colorado, USA and 
found that, while there is widespread interest in carbon 
sequestration, few management decisions are focused on 
these goals. Milad et al. [51] found similar results when 
interviewing forest managers across Germany.

Pandey et al. [7] focused on a set of community forests, 
rather than exclusive nationally-controlled forests (as in 
the USA and Germany), in Nepal, as they implemented 
new Reduced Emissions from Deforestation and forest 
Degradation (REDD +) policies. Their study combined 
interviews with field measurements of below- and above-
ground forest carbon density as they studied the carbon 
sequestration effects of a locally-empowering policy 
shift. They found that by implementing carbon-smart 
strategies they were able to sequester more carbon while 
simultaneously empowering the poorest farmers; a true 
win–win. In this comparison, it was the developing country 
(Nepal) that had a far more effective carbon-smart forest 
management practice, compared to the two developed 
nations (USA and Germany). These findings suggest that, 
while national-level policies have the potential to make a 
large impact, they can be slow to implement. Conversely, 
community-level management can be quick to adapt to 
changing management goals and may offer faster, albeit 
smaller, results. These studies show that combining car-
bon sequestration objectives and active adaptation strat-
egies into synergistic policies can effectively sequester 
atmospheric carbon while simultaneously building local 
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capacity for climate change adaptation, particularly within 
the developing world.

Forestry as a practice has a rich literature where it is 
understood that large-scale forest management activities 
such as harvest, replanting, thinning, and burning have 
significant impacts on the carbon balance [52]. Countries 
such as Indonesia and Costa Rica act as a carbon source 
because they are undergoing deforestation in service of 
palm oil plantations, while the eastern United States is act-
ing as a carbon sink as it regenerates from deforestation 
that occurred in the nineteenth and twentieth centuries 
[53]. It is critical for nations, states, and communities to 
properly account for carbon emissions and sequestration if 
they seek to reach carbon-mitigation policy goals [e.g., 54]. 
Several papers found within our analysis report the effects 
of management activities on carbon storage, with exam-
ples from major forestry centers, including Australia [55], 
Canada [56], Nepal [7] and the United States [57]. Taken 
together, these papers demonstrate the need for quan-
tifying carbon within a variety of forested ecosystems. 
While these reports are valuable for land managers as they 
inform carbon-smart strategies, ecosystem modelers need 
the rate of carbon sequestration and ecosystem recovery 
for their time-and-space sensitive analyses. Before they 
can be used to inform policy decisions, these models must 
be properly calibrated using field data derived from case 
studies. Some of the reviewed articles provide this infor-
mation in detail [56] and others even provide a growth 
rate curve that is essential to most ecosystem models [55].

Carbon management within pastures is highly depend-
ent upon SOM, which sequesters far more carbon than the 
above-ground fraction of the ecosystem [58]. Soil resil-
ience is therefore critical to carbon sequestration success 
in the face of disturbances such as flood, erosion, and soil 
degradation [59]. Two papers studying pasture manage-
ment of carbon report metrics such as biological diversity, 
SOM [59], carbon allocation, and macronutrients [60]. For 
agriculture practitioners, these metrics are of the utmost 
importance for management, and it is helpful that these 
papers display their results in terms that are familiar to 
farmers and scientists alike. These papers come from eco-
logically distinct, but regionally similar areas of Tibet [59] 
and Inner Mongolia [60], emphasizing the need for addi-
tional research in different geographic locations. Still, by 
framing their results with land management in mind, their 
findings are directly applicable to pasture managers who 
seek to maintain the quality of their soils while retaining 
carbon sequestered below ground.

This review also found a number of discussions of spe-
cialized agricultural practices and their impact on the car-
bon budget. Studies concerning the carbon sequestration 
benefits of small-scale farming practices in Ethiopia [15], 
intensive aquaculture in The Philippines [61], and cork 

production in Portugal [62] all provide useful quantifica-
tions of carbon as a result of management practices. The 
studies concerning farming and aquaculture appear to be 
highly applicable to other locales, however, some studies 
may be limited in their overall reach if their focus is highly 
localized in small industries with the relatively low poten-
tial for carbon sequestration [e.g., 62].

Taken together, these papers regarding carbon were 
less focused on framing their results to inform policy than 
the other papers within the review sample. Perhaps this 
is explained, in part, by papers that did discuss policy 
through interviews with land managers, which suggest 
that carbon sequestration land management practices 
have yet to be fully accepted within the policy world [50, 
51]. To improve this integration, future carbon sequestra-
tion studies should frame their results to appeal to land 
managers by including carbon sequestration potential, 
reproducible best management practices, quantified 
uncertainty, and economic analysis on return on invest-
ment or incentives.

For many biophysical researchers, implementing policy 
may be impossible, and advocating for policy change may 
be socially and professionally risky. There have even been 
recent directives from the executive branch of the United 
States government to limit scientist interaction with the 
media to ensure a unified public discourse [63]. Therefore, 
it would be understandable if federally-funded biophysical 
scientists are hesitant to recommend policy changes in the 
literature, or public media, as this could adversely affect 
the career of a federal land management employee. Still, 
there is ample opportunity for biophysical researchers to 
generate new information that can be useful in advising 
carbon-smart policies. As mentioned above, by quantify-
ing and reporting the particular biophysical parameters 
that govern carbon in the ecosystem (along with other 
climate-sensitive compounds such as methane, aerosols, 
and pollutants) researchers are able to build a solid foun-
dation for policy recommendations once this information 
gets to the appropriate decision-makers. Furthermore, by 
quantifying metrics such as the rate of carbon sequestra-
tion in forests [55, 56] biophysical researchers can support 
higher-level research objectives, such as NASA’s global car-
bon monitoring system [64].

4.4  Opportunities and challenges for biophysical 
studies

The majority of non-human focused papers did not recom-
mend any policies (20 out of 25). Of the five that did, policy 
recommendations were generally brief and vague. There 
was one non-human focused paper that gave specific 
policy recommendations, Boateng [65]; which is a single-
authored paper by a civil engineer, that recommended 
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policies to stabilize and protect the eastern coastline of 
Ghana. This example highlights the central role engineers 
play in the science-policy interface. Particularly in geogra-
phies where extreme climate-related events and sea level 
rise pose significant risks to infrastructure. Still, the strong 
majority of non-human focused papers did not make a 
policy recommendation.

4.5  The prominence of multidisciplinary teams

The call for a multidisciplinary approach to research is not 
new [66, 67]. In climate change research, complex global 
problems warrant integrated scientific approaches to 
help understand the drivers and impacts from multiple 
perspectives [68]. Surprisingly, multidisciplinary author 
teams were not significantly associated with providing 
policy recommendations. This may be explained, in part, 
by the lack of academic integration found in multidiscipli-
nary research, compared to research employing transdis-
ciplinary methods that also include non-academic practi-
tioners at multiple phases of the research [66].

In the case of this article, the author team was delib-
erately multidisciplinary involving geography, ecology, 
women’s studies, and public policy in an attempt to review 
the existing literature with a multidisciplinary perspective. 
This composition brought challenges while undergoing 
this project and required that the team spend hours syn-
thesizing common definitions and learning how differ-
ent scientific fields use different interpretations of simi-
lar concepts. These challenges are presumably akin to 
those encountered by authors of multidisciplinary papers 
included in our review, who may have found it difficult to 
reach a common understanding in research design and 
use of analytical methods. These challenges resonate with 
previous assessments of multidisciplinary work in sustain-
ability science [69]. It is presumed that as research meth-
ods become more translatable across fields, and more 
non-academic stakeholders are involved in the research 
design process, multidisciplinary teams may increase their 
association with policy recommendations.

As mentioned above, the multidisciplinary composition 
of the team intentionally brought to the fore the known 
challenges of communicating climate science in differ-
ent scientific disciplines. Even though two readers had 
to be in agreement on their interpretation and coding of 
a paper, some aspects of the paper remained reliant on 
each reviewer’s subjective judgment (e.g., understanding 
of national and subnational scope, number of ‘communi-
ties’ involved, and the extent a policy recommendation 
was concrete or vague).

Case study research that engages with local and 
community-defined geographies bares the ethical 

responsibility to capture and accurately represent those 
communities’ climate challenges. Future work may inves-
tigate the ethical components of community engage-
ment, specifically the relationship between to the author’s 
national affiliation and the country where the study took 
place. Future work may also benefit from a closer look 
at the different methodological approaches that elicit 
climate change perceptions based on the urban-high-
income country and rural-low-income country contexts. 
If case study data focusing on climate change impacts is to 
be incorporated into regional or global models, a detailed 
understanding of the comparison and contrast of those 
approaches will help researchers understand the implica-
tions of their methods.

This review used VOSviewer bibliometric and visuali-
zation software to cluster articles based on bibliometric 
similarities [21]. This method was a useful way to organize 
the articles into meaningful clusters, which facilitated the 
distribution of tasks among team members. It is possible 
that a larger number of clusters could have altered the 
review process, which is something future reviews that use 
this software may be able to explore. This review may serve 
as a guide for researchers who desire to engage in case 
study research on adaptation, recovery, and resilience to 
climate changes in both developing and developed coun-
tries and focused on human, natural, or coupled systems.

5  Conclusions

We conducted a systematic meta-review of 155 articles 
concerning climate change adaptation, resilience, and 
recovery from across the literature. Our aim was to char-
acterize the aspects of case study research that are associ-
ated with providing policy recommendations. We found 
that policy recommendations were more robust, and sig-
nificantly more likely, in papers that used methodologies 
focused on human subjects. Non-human, biophysical, 
studies make only 15% of our sample and they were not 
likely to provide policy recommendations. Methodologi-
cal characteristics have a significant effect on the degree 
studies engaged with policy. Studies using quantitative 
methodologies were less likely to highlight the policy rel-
evance of their research. In contrast, data collection and 
methodological approaches associated with human stud-
ies, such as the participatory research, focus groups, and 
the use of ethnographic techniques were all more likely 
to discuss policy. Within the human studies subset, we 
found that articles with case studies in rural areas were 
more likely to make policy recommendations than those 
exclusively focused on urban areas. Geographical charac-
teristics, such as the country where the study takes place 
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and the affiliation of the first author, also show significant 
associations with providing policy recommendations. 
Most notably, we found that studies conducted in Sub-
Saharan Africa and studies first-authored by a person affili-
ated with that region were more likely to provide policy 
recommendations.

We also conducted a qualitative assessment of our sam-
ple in order to identify emerging themes in the literature 
and provide our own recommendations for researchers or 
decision-makers who wish to narrow the gap between sci-
ence and policy. We emphasize the following conclusions 
based on the main themes within the literature: First, effec-
tive climate mitigation and adaptation are essentially local 
processes, therefore researchers must embrace the unique-
ness of each locality at all stages of the research project. 
Second, trust in the governance institutions charged with 
addressing climate impacts is an important ingredient 
of effective participation and social learning [44]. Thus, 
large-scale models can rely on small-scale data validation 
approaches that are perceived to legitimately represent 
the uniqueness of the locality. Third, engagement of local 
populations and stakeholders is essential for effective and 
sustainable policy formation [7]. Fourth, studies that focus 
on biophysical parameters often lack policy recommenda-
tions, though the results of such studies provide essential 
supporting evidence for policymakers [55, 56, 64].

As climate change proceeds, developing countries 
will be hit the hardest [2]. By leveraging the big data era, 
researchers have an opportunity to inform policies that 
effectively mitigate the worst of these changes. Identify-
ing the biophysical properties underlying, and the socio-
political solutions to, these changes must be informed 
through case studies in a local context. Therefore, we must 
engage the locales of interest with care if researchers seek 
to improve their climate change prognosis and inform 
large-scale climate policy.
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