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An assessment of the global progress in climate change adaptation is
urgently needed. Despite arising awareness that adaptation should
involve diverse societal actors and a shared sense of responsibility, little
isknown about the types of actors, such as state and non-state, and their
rolesindifferent types of adaptation responses as well as in different
regions. Based on alarge n-structured analysis of case studies, we show
that, althoughindividuals or households are the most prominent actors
implementing adaptation, they are the least involved in institutional
responses, particularly in the global south. Governments are most often
involved in planning and civil society in coordinating responses. Adaptation
of individuals or households is documented especially in rural areas,

and governments in urban areas. Overall, understanding of institutional,
multi-actor and transformational adaptation is still limited. These findings
contribute to debates around ‘social contracts’ for adaptation, thatis, an
agreement on the distribution of roles and responsibilities, and inform
future adaptation governance.

The realization that climate change adaptation is urgent has entered
mainstream planning and policymaking, and people and institutions
areadapting'”. Therecent Sixth Assessment Report of the Intergovern-
mental Panel on Climate Change (IPCC) stresses the need to identify
“who needs to take what actions and whenin order that transformations
unfold at sufficient speed and scale to meet the Paris, SDG and other
policy goals™. Societies across the globe are struggling to find and
negotiate an effective and fair distribution of climate actions between
stateactors, civil society, citizens, the private sector and other actors.
With a growing realization of the rapidly increasing adaptation tasks

ahead of societies, social contracts for climate change adaptation are
increasingly debated locally and globally®. Animportant starting point
for such debates, however, is the empirical observation of current
rolesinadaptation.

While climate change adaptationis understood to be place-based,
therolesand responsibility for action across actors, scalesand diverse
geographies are often unclear from both empirical and normative
perspectives, that is, ‘who is acting how’ and ‘who should act how’,
respectively®. In addition, adaptation usually occurs in multi-actor
settings, where different actors play different roles. While state actors,

A full list of affiliations appears at the end of the paper. *A list of authors and their affiliations appears at the end of the paper.

e-mail: jan.petzold@lmu.de

Nature Climate Change | Volume 13 | November 2023 | 1250-1257

1250


http://www.nature.com/natureclimatechange
https://doi.org/10.1038/s41558-023-01824-z
http://orcid.org/0000-0003-0508-3362
http://orcid.org/0000-0002-3126-3888
http://orcid.org/0000-0002-2686-6764
http://orcid.org/0000-0002-1145-9509
http://orcid.org/0000-0001-9751-120X
http://orcid.org/0000-0001-6842-6735
http://orcid.org/0000-0001-6238-9056
http://orcid.org/0000-0003-4511-838X
http://orcid.org/0000-0003-2388-178X
http://orcid.org/0000-0002-5642-8490
http://orcid.org/0000-0001-5891-7290
http://orcid.org/0009-0000-0859-2061
http://orcid.org/0000-0003-2949-5353
http://orcid.org/0000-0001-9492-4463
http://crossmark.crossref.org/dialog/?doi=10.1038/s41558-023-01824-z&domain=pdf
mailto:jan.petzold@lmu.de

Analysis

https://doi.org/10.1038/s41558-023-01824-z

Qo
N O
& ci‘\o \,\)‘b‘\
N > Q
o 2 & N
. > <& 3
& < S O
& & O &
$ O o & & @
Actors and their roles &0@ &8 &o‘?’ QC}Q @@‘Z’ N
in adapting to climate change a3 & N & & S S
S SR AR SN G U
Individuals or households ‘ Residuals of the Chi-Square Test
Civil society (sub-national; local) [ ) ‘ Comparison of observed vs.
- . . . o . expected frequency.

Civil society (international; multinational; national) .
8 Government (local) . Higher observed frequency
a
2 Government (sub-national) [ ) . More than 4
§ Government (national) [ ) . @ More than 2

International or multinational governance institutions . Between 2 and -2

Private sector (small and medium sized enterprises) . . Less than -2

Private sector (corporations) . . Less than -4

Academia . . . ‘ Lower observed frequency

Other

Total number of observations of each role

Fig.1| Actors and their roles in adapting to climate change. Results of the
chi-square test calculating the residuals, that is, the difference between the
observed and the expected frequency of each combination of actor and
adaptationrole, are shown. Residuals below -2 and above 2 can be considered
as contributing most to the significant result (P < 0.001) of the chi-square test.

o
ONCECRONCRONDO,

Positive residuals (green) indicate a higher observed frequency of an actor-role
combination, and negative residuals (purple) indicate a lower-than-expected
frequency. The size of the circles corresponds to the value of the residuals. y*=
610.77,d.f.=70,P<0.001. See Supplementary Table 2 for a detailed overview of
theresults.

for instance, are typically expected to act on public infrastructure or
moderate institutional adaptation in the interest of society at large,
private actors usually are not met with such expectations. They might
act rather to theirimmediate benefit. Yet, depending on cultural and
institutional arrangements, the boundaries between public and private
actors or between different levels of government can be unclear®.

The constellation of actors, institutional arrangements and policy
instruments characterizing climate change adaptation governancein
agiven location is highly context-specific®". Institutional and tech-
nological capacities and socioeconomic characteristics may differ
considerably between urban and rural areas, as well as between the
global south and global north"'*"*>, While city governments with more
resources and institutional capacities, especially those in the global
north, can be, in principle, active and interconnected frontrunners
in climate change adaptation planning and implementation, adapta-
tionin many urban areas of the global south often lack such resources
and capacities, and local adaptation often involves mainly informal
activities'*. Rural areas, on the other hand, predominantly in the global
south, are often characterized by high degrees of poverty, limited
infrastructure, astrong focus on agriculture and a degree of neglect by
national policymakers. However, rural communities and actors draw
on rich experience and local knowledge to cope with environmental
and climatic hazards®.

When considering the diverse actors across geographic contexts
asagents who conceive and implement adaptation rather than as mere
entities exposed to climate change impacts'®, it becomes necessary to
consider the range of roles these actors play. The termrole here refers
toanactor’s general position or function within alarger social system
andinacertain process, here, climate change adaptation. Roles come
with responsibilities in terms of specific tasks and duties. On both
levels, there might be differences between how actors are acting and
how they should act, for example, in relation to what other actors
expect from them. For the context studied here, roles can be linked to
the adaptation as well as the policy cycle. The former includes assess-
ing impacts, vulnerability, risks and resilience; planning adaptation;
implementing adaptation measures; and monitoring and evaluating

adaptation”. The latter would suggest defining roles in relation to, for
example, agenda setting, awareness raising, initiating policy, coordi-
natinginteraction, target setting, strategy making, financing, enforce-
ment and policy adjustment (see Methods for a description of the
roles used in this analysis)’. For each of these roles, different types of
actors are typically associated with specific capacities, expectations
and mandates, which, however, can be unclear, overlapping or only
justemerging.

Findings from the Global Adaptation Mapping Initiative (GAMI)—
the first global systematic mapping of peer-reviewed literature on
climate change adaptation—indicate a fragmentation among actors
and interventions in the context of climate change adaptation and
little evidence of transformational adaptation, which refers to adapta-
tion with deep systemic shifts’. Such shifts will only be possible with a
clear distribution of roles and responsibilities. Allactors need to come
together here withideally a shared agreement on mutual roles’. Gener-
ally, households are reported more oftenin climate change adaptation
research thangovernmentactors, but relative prominence varies across
global contexts'. Additionally, governments tend to prioritize other
adaptation interventions than businesses or civil society organiza-
tions, oftenbased on their ability to create regulatory or market-based
adaptationinterventions®, Other reviews on actorsinadaptation dem-
onstrate unclear divisions and diverging perceptions of responsibili-
ties between actor groups and across governance scales, which may
result in barriers to the effective implementation of responses at the
localscale®™®". Overcoming suchbarriers, for example, through more
polycentric climate governance systems that bridge adaptationactions
and agendas across stakeholders and scales, is crucial for enabling the
multi-actor coordination required for transformational adaptation®>,

While GAMI provides a rough global overview of documented
actors and types of adaptation, here we aim to contribute to a deeper
understanding of the types of roles specific actors play, in how far
multi-actor collaborationis documented and how actor-role patterns
differ across geographical contexts, including urban and rural settle-
ments, in order to support further research on normative social con-
tracts foradaptation and the barriers and drivers of transformational
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Fig. 2| Multi-actor constellations in adaptation. Frequency of actor types reported (green horizontal bars), as well as how often they were reported as single actor
typeinastudy (single dots and red vertical bars) or in combination with other actor types (connected dots and red vertical bars).

adaptation® >, We ask the following questions: which roles do particu-
lar actors currently play in climate change adaptation? Which actors
interactor collaborate in specific adaptation practices? To what extent
can geographical patterns be identified in relation to specific actor
types? How are different climate-related responses associated with
specificactor types? To what extent are specific actor types associated
with more transformational forms of adaptation?

To find answers to these questions, we built on GAMI’s global
stocktake of human adaptation-related responses to climate-related
change by re-coding the GAMI database according to actors, roles
and settlement types, and by analysing the data through descriptive
statistics and regression analysis. GAMI is a spatially explicit dataset
derived from coding empirical studies on climate change conducted
between 2013 and 2019 (ref. 1). A team of 21 researchers systemati-
cally re-screened and re-coded all 1,682 articles included in the GAMI
database accordingto our specificinclusion criteria (see Methods and
Supplementary Fig.1). Theresults of the remaining 1,472 articles were
synthesized and interpreted by 17 researchers. While the GAMI database
only includes published academic literature on empirically observed
adaptations, we argue that such analysis is nevertheless highly relevant
asitallows usto examine how adaptationroles are treated in research—
and which blind spots might exist. With rapidly expanding adaptation
scholarship, literature-based studies such as this analysis can serve as
arelevant information source for assessing actual adaptation on the
ground, combined with atriangulation with other datasets to address
potential language bias and other difficult-to-quantify selection biases
and gapsin the academic literature.

Actors and rolesin adaptation

Our findings reveal several patterns in which actors were more likely
than others to take on specific adaptation roles. Overall, individuals
orhouseholds are the most frequently reported actor type (represent-
ing 64% of coded articles) and by far the most documented actors for
the actual implementation of adaptation measures (Fig. 1). The role
of financing is mainly associated with international or multinational
governance institutions, the private sector, civil society organizations
and national governments. Planning is more often done by government
actors, with no particular pattern discernible at different government
levels. Civil society organizations areimportant actors for coordinating

the interaction between various other actors and raising awareness.
Awarenessraisingis also arelevant role associated with academia, along
with assessing climate impacts and monitoring adaptation efforts.
While thereislittle reporting on private sector actors across all regions,
their documented roles are mainly related to financing and implement-
ing adaptation responses.

Multi-actor constellations in adaptation

In almost a third of the coded articles (404 articles), individuals or
households are the sole reported actor type (Fig. 2). The most com-
mon combination of actorsisindividuals or households with national
governments (79 articles). The second most common combination
of actor types is individuals or households with local government or
sub-national civil society (46 articles each). There is limited evidence
of cases involving national and local governments and constellations
with diverse actor types (for example, constellations involving gov-
ernance actors together with the private sector or civil society actors
and individuals or households). The most common example of such
aconstellation links individuals or households with local civil society
and the national government (17 articles). Thereis also little reported
evidence of small and medium-sized enterprises (SMEs) collaborat-
ing with government actors (seven articles with SMEs and national
government; six articles with SMEs and local government). Although
some examples of activities involve private households and SMEs (16
articles), reports of SMEs and other actor types are rare. Actors from
academia mainly appear in collaboration with individuals or house-
holds (20 articles) and local government (five articles).

Urban-rural actor patterns

The majority of the publications (65%) report adaptationinrural areas.
Here, individuals or households are by far the most frequently reported
actors (47%; Fig. 3). In comparison, government actors (from local to
national levels) make for amuch smaller fraction of the reported actors
(together 25%). In contrast, the picture is almost inverse in urban set-
tings. Here, government actors (across levels) account for 44% of the
reported actors, whileindividuals or households contribute only 22%.
Inaddition, national governments and sub-national civil society actors
are reported more often than local governments in rural contexts,
whileinurban areas, the focusis onlocal government actors. There is
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Fig. 3| Regional and urban-rural actor patterns in adaptation. Relative frequency of actor types reported in publications per settlement type and region.

little difference between urban and rural case studies for other actor
types. Inambiguous studies—those with mid-sized populations that
are neither clearly urban nor rural or mixed-case studies—individuals
or households are reported most often (26%), followed by national
and local governments.

Actorsbyregion

Thedistribution of actorsreportedin adaptation studies varies across
regions. Individuals or households are the most frequently mentioned
actorsinallregions (Fig.3).In Africa, Asia, Central and South America,
and the SmallIsland States, national governments are the second most
common actor type. In Europe, national and local governments are
at the same ratio (both 19%), and in North America and Australasia,
local governments are mentioned slightly more often. However, when
consideringall threelevels of government actors in combination (that
is, local, sub-national and national level), a clear pattern emerges: in
higher-income regions, particularly Europe, North America and Aus-
tralasia, government actors represent the largest group of reported
adaptationactors (thatis, larger thanindividuals/households). In con-
trast, individuals/households are reported much more often than all
government actors combined in Asia and particularly in Africa. Civil
society actorsarereported particularly frequently in Centraland South
America and the Small Island States. In the Small Island States, inter-
national or multinational governance institutions are also reported
frequently (14% of the cases, the largest fraction across all regions).
The global scale rural-to-urban differences between government actors

and individuals or households (see ‘Urban-rural actor patterns’) are
even more pronounced when considering different world regions in
the global north and global south. Government actors are dominantly
representedinurbanareas, particularly strongly in Australasia, Europe
and North America (see Supplementary Fig. 3). For rural areas, regional
differences are smaller butindividuals or households aresstill relatively
more represented in Africa and Asia than in other world regions.

Actorroles by region

Interms of actor roles, we observed some commonalities but also dif-
ferencesacross world regions. Individuals or households are by far the
single most reported actors forimplementing adaptation measuresin
allworldregions. Inall regions, government actors are mainly involved
inplanning and implementation processes. Especially in Europe, local
governments are more associated with planning than in other regions.
In North America, sub-national governments play a greater role in
planning, implementing, monitoring and evaluating compared with
otherregions. In contrast, in Africa, sub-national governments are less
involved in planning (Table 1and Supplementary Table 3).

Nature of responses by actors

Except for governments or international governance institutions,
behavioural/cultural responses are the most common response of
all actor types. However, there are differences in the relative associa-
tion of actors and responses (Fig. 4). Individuals and households are
mainly associated withbehavioural/cultural and less with institutional
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Table 1| Patterns in actor-role combinations across world
regions

Actor-role Residuals Observations

combination

Region Percentage
of regional

observations

Government -4.09 2 0.16
(sub-national) +

Planning

Africa

Individuals or 7.87 333 26.51

households +
Implementing

Africa

Individuals or 4.27 337 22.63
households +

Implementing

Asia

Government 4.39 40 7.34
(local) +

Planning

Europe

Individuals or -5.76 54 9.91
households +

Implementing

Europe

Government 4.90 24 3.65
(sub-national) +

Implementing

North America

Government 4.51 7 1.07
(sub-national) +
Monitoring and

evaluating

North America

Government 4.38 20 3.04
(sub-national) +

Planning

North America

Individuals or -513 77 1.72
households +

Implementing

North America

Other +
Coordinating
interaction

North America 4.32 4 0.61

Results of the chi-square test calculating the residuals, that is, the differences between
the observed and the expected frequency of each combination of actor and adaptation
role per region. Here all results of combinations with residuals below -2 and above 2 are
shown. Residuals below -2 and above 2 can be considered as contributing most to the
significant result (P < 0.001) of the chi-square test. See Supplementary Table 3 for the full
list of test results.

responses. For government actors, including international and mul-
tinational governance institutions, institutional responses are most
common.

Overall, there is limited evidence in the GAMI database of more
transformational forms of adaptation thatinclude deep systemic shifts.
Allactor types are most often associated with low-depth adaptations,
thatis, responses characterized by a continuation of existing practices
oronly smallchanges. The analysis of how responses of high depth are
characterized concerning actor types, roles, response types, regions
and settlement types reveals that they are frequently associated with
case studies in Small Island States (region), institutional adaptation
(response type), international governanceinstitutions (actor) and the
coordination of adaptation (role). They are less likely to be associated
with studies reporting on behavioural/cultural responses and therole
of monitoring and evaluating (Table 2).

Discussion

The analysis of climate change adaptation documented in the scientific
literature reveals important patterns regarding actors and the roles
they perform. Individuals and households are the actors reported to be
implementing adaptation the most. Governmentactors, on the other
hand, are reported to be predominantly involved in planning and fund-
ing adaptation. The strong evidence for individuals or households as

prime actors for the implementation of actual adaptation aligns with
earlier research concluding that adaptation s often a highly localized
phenomenon with atendency towards autonomous and incremental
adaptation® %, This pattern is further supported by our finding that
individuals and households are mostly engaged with behavioural/
culturalresponses. The relatively low representation of governments
inthe actualimplementation of adaptation may indicate animplemen-
tation gap. Governments are the actors toratify political agendas and
agreements for climate action (from the global to the local level) and
could beexpectedtoalsotakealeadingroleintheimplementation of
actualadaptation projects. Onthe other hand, this low representation
might partly be due to the fact that some forms of government action
contributing towards adaptation might not be labelled as such in the
literature, such as general poverty alleviation initiatives, social security
programmes, infrastructure development and education.

Theassessment further revealed evidence suggesting thatinterms
of response types, individuals and households play only alimited role
ininstitutional adaptation. Institutional responses may, by definition,
be driven by government or civil society actors. However, in order to
facilitate the transformation of institutions in a participatory andinclu-
sive manner, individuals or households are key actors, and their active
engagement has been argued to be essential for the success of such
processes”. More research on the role of these actors in institutional
adaptationis therefore needed. In addition, our findings yield quite a
striking picture regarding actorsinvolved in ecosystem-based and tech-
nological/infrastructure adaptation. While the literature stresses that
successful ecosystem-based adaptation relies on the active involve-
ment oflocal communities®**, we did not find that a particularly strong
involvement of households or individuals, local civil society actors or
local governments has been reportedin the literature. Similarly, we did
not find a particularly strong involvement of government actors or the
private sectorintechnological/infrastructure adaptation, despite the
fact that both actor types could be expected to play such arole. Both
of these findings clearly warrant further research and triangulation
with other data sources.

Our findings alsoidentify actors hitherto underrepresentedin cli-
mate change adaptation research, most notably the private sector. This
confirms other lines of evidence suggesting that the private sector lags
behind inimplementing adaptation®*. This lag is surprising, given not
only theincreasing impacts of climate change on the private sector but
also the central role of the private sector in shaping overall develop-
ment trends—and hence successful climate change adaptation at large.
Exploring the existing and potential roles of private sector actors in
adaptation, particularly in financing and implementation processes
and in contexts where market-based interventions are promoted, is
therefore needed to advance our understanding of the enablers, bar-
riers and responsibility shifts in climate change adaptation overall*>*¢,
Academiais most prominently documented as beinginvolved in moni-
toring and evaluation, whichis arole thatis overall not widely covered
inthe adaptationactivities reported in the academic literature. Hence,
there is a general need for further academic attention to monitoring
and evaluation, and, in addition, to the capacities of different actor
types beyond academia to fulfil this role. A better understanding of
actor roles and capacities for monitoring and evaluation can also help
streamline methods for evaluating the effectiveness of implemented
adaptation measures and avoid maladaptation®.

While adaptation is generally considered a multi-actor process®,
thereislimited evidence of collaboration between more than two dif-
ferent actor types (for example, individuals or households along with
civilsociety and governmentactors) and, therefore, limited empirical
understanding of how such multi-actor processes can support effec-
tive adaptation. Therelative prominence of local civil society actorsin
coordinating climate-related responsesindicates how a specificactor
might find aspecificroleinadaptation. Moreover, our findings confirm
that adaptationin climate change hotspots, for example, SmallIsland
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Actors and types of responses
in adapting to climate change
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Total number of observations of each response

Fig.4 | Actor types per response type. Results of the chi-square test calculating
the residuals, that s, the difference between the observed and the expected

frequency of each combination of actor and response type. Residuals below -2
and above 2 can be considered as contributing most to the significant result

Residuals of the Chi-Square Test
Comparison of observed vs.
expected frequency.

Higher observed frequency
. More than 4
‘ More than 2
Between 2 and -2
Less than -2

. Less than -4
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(P<0.001) ofthe chi-square test. Positive residuals (green) indicate a higher
observed frequency of arespective actor-response type combination, and
negative residuals (purple) indicate a lower frequency than expected. The size of
the circles corresponds to the value of the residuals. y*=87.552, d.f.=30, P< 0.001.

Table 2 | Characteristics of medium- to high-depth
responses in relation to the variables actor type, role,
response type, region and settlement type

Ordered s.e.m. Pvalue

regression

coefficient
Small Island States 1.308 0.401 0.001
Behavioural/cultural -0.651 0180 0.000
Institutional 0.553 0.161 0.001
International or multinational 0.569 0.269 0.034
governance institutions
Coordinating interaction 0.392 0.185 0.034
Monitoring and evaluating -0.736 0.260 0.005

Statistically significant (P < 0.05) coefficients of the ordered logistic regression predict depth
levels. Coefficients are the log odds of low versus medium depth or medium versus high
depth when a given variable exists. s.e.m., standard error of the mean. Studies that mention
Small Island States, for instance, have a 3.7 (exp(1.3) = 3.7) times higher likelihood of being
associated with higher depth levels than studies that do not mention Small Island States. See
Supplementary Table 5 for the full list of results.

States, is often associated with potentially transformational responses,
such as relocation. Such kinds of responses result in a particularly
strong need for collaboration because they involve different actors
and come with a high potential for conflicting interests that need tobe
mediated®**°. At the same time, the dominance of adaptation studies
with asingle-actor focusraises the question of whether this dominance
is due to a research bias towards individual actor types or relates to a
lack of cooperation on the ground. Future research should thus more
explicitly explore the relationships between actors and their roles in
multi-actor constellations.

Our actor mapping further shows that it isimportant to consider
differences between settlement types when empirically assessing
and normatively debating the roles and responsibilities of actors in

adaptation. We found that the majority of reported adaptation takes
place in rural areas, which, however, may to a certain extent reflect a
research bias on adaptationinresource-dependent communities that
focus on households and on-the-ground responses to climate-related
changes, for example, within the research on community-based adapta-
tion*'. However, with increasing urbanization and tangible impacts on
urban populations, the researchfocus is already shifting towards urban
areas'*2. Our finding that government actors—particularly local gov-
ernments—play aless prominentrolein rural areas thaninurbanareas
may reflect that rural areas are often outside municipal jurisdictions,
and thatagricultural and rural development policies are often central-
ized nationally, with little regional autonomy. At the same time, the
stronger role of government actorsin urban adaptation might be driven
by the fact thaturban adaptationis, toalarge part, concerned with the
adjustment of infrastructure, much of it public. In terms of reported
case studies, we found most rural cases situated in the global south,
thatis,inregions where the effects of climate change are already clearly
felt and, thus, adaptation responses seem particularly relevant***. In
addition to the differences between settlement types, we found strong
regional differences regarding actor roles. Overall, government actors
are more often documented in the global north, and individuals or
households more prominently in the global south. This finding suggests
that there are currently differences in the progress of government-led
and planned adaptation, which highlights the relevance of regionally
sensitive adaptation tracking (for example, within the context of the
global stocktake) and context-specific debates regarding the distribu-
tion of responsibilities for equitable and effective adaptationaction'®,

In the global picture, there is limited evidence of transforma-
tional adaptation’. Further research on actors and implementation
gaps in the context of climate change adaptation may shed light on
the barriers and potential drivers of transformational adaptation.
As different normative views of adaptation processes as well as out-
comes, arising from different epistemological and disciplinary entry
points, can lead to different interpretations of adaptation effective-
ness, future research needs to further explore how different actors
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frame adaptation effectiveness****. Our findings reflect an overall
rather incremental implementation of adaptation, where individual
and household adaptation responses are mainly behavioural, low in
depthandwith only alimited connection toinstitutional change, while
government actors are in many contexts less prominent, particularly
inimplementing adaptation. Such incremental adaptation is impor-
tant forlocal communities in dealing with climate risks. However, our
findings suggest a lack of preconditions for more transformational
adaptation, which requires systemic change and multi-actor collabo-
ration*®, building on broad societal support and a shared agreement
on roles and responsibilities: a social contract for climate action and
sustainability transformations.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41558-023-01824-z.
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Methods

We built on GAMI’s systematic literature mapping, which pro-
vides a global stocktake of human adaptation-related responses
to climate-related changes in human systems'. Combining a novel
approachthatintegrates systematic reviewing and machine learning,
diverse databases were searched, including the Web of Science, Scopus,
PubMed and Google Scholar, to assess 48,316 scientific documents on
adaptation published in peer-reviewed literature between 2013 and
2019. With this method, only evidence on adaptation documented in
this body of literature is included, and other forms of literature (for
example, grey literature) are excluded. After the screening was done,
based onthe appliedinclusion criteria, the data corpus was narrowed
down to 1,682 publications relevant to human adaptation responses
to climate change'.

Screening

Toexplorethetypes of actors andtheir rolesin climate change adapta-
tioningreater detail, we conducted a further screening and coding of
the GAMl literature. In the screening step, we filtered for articles with
sufficient empirical information about the actors and/or the roles in
the observed adaptation case studies and for articles of which full
texts were available. Out of the 1,682 articles in the GAMI literature
corpus, we selected 1,472 in this step (see Supplementary Fig. 1). Our
coding scheme included two main categories—actors and roles. The
development of the coding scheme was inspired by aqualitative review
approach”**whereby atleast two independent reviewers read asample
of'the fulltexts and generated codesinresponse to the research ques-
tions independently. The authors then generated broad categories
internally and applied the emergent framework to the remaining data
corpus while returning to previously coded documents to update the
codingtoreflect newly developed categories.

Coding

The categorization of ‘actors’in climate change adaptation built closely
on the GAMI methodology to provide the highest possible consist-
ency. In the GAMI database, actors in climate change adaptation are
categorized into nine groups (organized by sector and level): individu-
als or households; civil society (sub-national or local; international,
multinational or national); government (local; sub-national; national);
international or multinational governance institutions; and private
sector (SMEs, corporations).

During a test coding phase in the development of the coding
scheme, we coded asample of the GAMl literature to identify whether
additional codes should be added. In several case studies from the
GAMI database, academic institutions were reported as having an
explicit role in contributing to local climate change adaptation ini-
tiatives. Therefore, we added ‘academia’ as a specific actor type. The
definition of anactor for the coding is “asocial entity, thatis, aperson
ororganization, or acollective of persons and organizations, whichis
ableto act™. Moreover, we focused on ‘operators’ exercising adapta-
tion rather than ‘receptors’ of adaptation or ‘exposure units’, while
acknowledging that these might overlap®.

Rolesinadaptation—the key aspect of this review—were not coded
in GAML. Articles in GAMI provide extreme diversity in the degree of
detail provided for particular actors and potential roles. We started
with a broad categorization of stages in the adaptation process”, on
the one hand, and aparticularly detailed conceptualization of roles and
responsibilities in adaptation’, on the other hand. This process resulted
in a coding framework with seven roles. We distinguished the roles
of awareness raising, assessing, planning, financing, implementing,
coordinating interaction, and monitoring and evaluating as relevant
phasesinclimate change adaptation that may build on each other (see
Supplementary Fig. 2). However, the respective roles do not always
follow the sequence shown, but may also overlap or are performed in
parallel by different actors. For example, financing and coordinating

interactions were found to be important foundations for any action,
but canalso runthroughout the phases.

While the GAMI database provides information about regions
and sectors, including evidence from urban and rural areas, it does
not systematically distinguish between these settlement types. As the
roles of different actors may differ greatly inurban and rural areas, we
added an additional code for settlement type, distinguishing urban,
rural and ambiguous settlements®™,

Two independent reviewers screened and coded each article to
minimize bias, using the online platform Sysrev™. A third reviewer
resolved conflicting codes. After these were resolved, the new dataset
was merged with the GAMI dataset. To address the question regarding
regional patterns, we used the GAMI category ‘geography’, which catego-
rizesthe papersaccordingtothelPCCregions.Regardingdifferent types
of responses, we used the GAMI categories, which distinguish behav-
ioural/cultural, ecosystem-based, institutional and technological/
infrastructural responses.

To address the question of potentially transformational adap-
tation, GAMI uses the four dimensions ‘depth’, ‘scope’, ‘speed’ and
‘limits’. For the analysis in this review, we adopted the GAMI coding of
the‘depth’ category, which we consider most relevant for the purpose
of our review of transformational adaptation. GAMI categorizes the
depthof observed adaptations asinvolving alow, medium or highlevel
of change. A high level of depth can serve as anindicator for transfor-
mational adaptation because it “reflect(s) entirely new practices that
involve deep structural reform, complete changes in mindset, major
shifts in perceptions or values, and changing institutional or behav-
ioural norms” (see Supplementary Table 4 for further explanation of
the coding for ‘depth’).

Analysis

Allanalyses were performed using R statistical software and Python*.
We merged the GAMI database with our additional coding regarding
actorsandroles. This resulted in a data frame that contains various cat-
egorical variables, for which we calculated descriptive statistics. First,
we cross-tabulated each actor type with the role, settlement, region,
response and depth variables. In cases where records mentioned more
thanone category per variable (such as more than oneactor type), the
record was treated as multiple observations, with each given anew row
inthe data frame. We performed the chi-square test ofindependence
to determine whether certain variable combinations occur more or
less frequently than expected if the null hypothesis were correct. We
calculated the residuals to identify which category combinations make
the greatest contribution to the chi-square test results. The tests were
performed for various variable combinations, such as actor-actor
combinations, actor-role combinations and actor-role combinations
betweenregions.

We conducted an ordered logistic regression using R's MASS pack-
age tounderstand variables associated with higher depth levels®***. We
specificallyincluded the variables geography, response types, adapta-
tion roles, actors and settlement type as predictors for depth levels.
All categorical predictor variables were dummy-encoded as binary
variables to allow for ordered logistic regression, and the response
variable (depth) was encoded as an ordered factor containing the levels
‘low’,‘medium’ and ‘high’.

Limitations

The GAMI database only considers evidence from responses
documented in peer-reviewed literature and excludes mere com-
mitments, strategies or visions. Many on-the-ground responses to
climate-related hazards may notbeincludedinpeer-reviewed literature
butdocumentedin other forms of literature (that s, grey literature), for
example, reports by the private sector or civil society actors. Similarly,
GAMlis strongly biased towards English-language literature due to the
search string, which excludes evidence published in other languages
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and, thus, potentially implies an underrepresentation of evidence on
adaptation from non-English speaking countries. Including languages
other than English would therefore be a valuable step in future projects
mapping global adaptation®-°.

Data availability

All data generated or analysed during this study are included in this
published article (and its supplementary information files). Source
dataare provided with this paper.

Code availability
The code used in this analysis is available at: https://doi.org/10.5281/
zenodo.7524551.
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