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Progress and gaps in climate change adaptation in coastal cities across the globe

Abstract

Coastal cities are at the frontlines of climate change impacts, resulting in an urgent need for substantial
adaptation. To understand whether and to what extent cities are on track to prepare for climate risks,
this paper systematically assesses the academic literature to evaluate climate change adaptation in
199 coastal cities worldwide. We show that adaptation in coastal cities is rather slow, of narrow scope,
and not transformative. Adaptation measures are predominantly designed based on past and current,
rather than future, patterns in hazards, exposure, and vulnerability. City governments, particularly in
high-income countries, are more likely to implement institutional and infrastructural responses, while
coastal cities in lower-middle income countries often rely on households to implement behavioral
adaptation. There is comparatively little published knowledge on coastal urban adaptation in low and
middle income economies and regarding particular adaptation types such as ecosystem-based
adaptation. These insights make an important contribution for tracking adaptation progress globally
and help to identify entry points for improving adaption of coastal cities in the future.

Coastal cities are engines of economic growth and innovation, yet they are also hotspots of disasters
and climate risk 1. These cities face increasing environmental changes such as record-breaking sea-
surface temperatures % and a resulting increase in hazards such as tropical cyclones, floods and heat-
waves >®, Such changes dynamically interact with urban vulnerabilities driven by, for example,
inequality, poverty, and inadequate infrastructure ’. Yet coastal urban risk is not uniform, as climate
change impacts and risks vary across coastal cities depending on local geomorphological conditions,
climatic and human drivers of coastal change, urban development and other factors (4:2169) #°. In the
face of future increases in urbanization and climate change impacts, coastal cities are under pressure
to adapt and reduce current as well as future risks to ensure sustainable and equitable urban
development %11, As centers of economic activities and key players in the global political economy
with significant capacities, coastal cities have the potential to shape and advance the future of climate
adaptation in meaningful and innovative ways 2. Even though the need for transformative adaptation
in coastal cities, i.e. adaptation that changes the fundamental attributes of a social-ecological system
in anticipation of climate change and its impacts 3, has been stressed in principle (e.g. 24, little is
known about the actual progress of adaptation in coastal cities across the globe.

Given the unique challenges and opportunities in coastal cities as hotspots of risk and centers of
economic activity, we argue that assessing their current state of adaptation is important, not least as
a knowledge base for tracking countries’ progress in climate action within the Global Stocktake under
the Paris Agreement *>. Understanding how coastal cities are responding to climate impacts is crucial
for identifying successes and gaps, and for advancing global adaptation efforts at large. Studies have

| %6 or ecosystem-based ¥/, urban

assessed different types of urban adaptation, for example, institutiona
adaptation policies in particular regions (e.g. *8), certain actor types involved in urban adaptation (e.g.
19), adaptation efforts in cities in particular regions (e.g. 2°22) or coastal urban adaptation planning 2.

However, a systematic global assessment of the literature on empirical evidence for implemented



coastal urban adaptation, including its response types, actors and level of transformation, does not yet
exist. Such an assessment is particularly relevant in the face of the latest Intergovernmental Panel on
Climate Change’s (IPCC) report’s finding that coastal cities tend to implement adaptation interventions
reactively in response to high-impact events such as floods and storms 2% and that many gaps remain
in urban adaptation to climate change induced hazards across country regions 2.

Important questions that need to be addressed include: How are coastal cities adapting and do they
engage in transformative adaptation? To which hazards are coastal cities adapting and in how far are
future trends in exposure and vulnerability considered? Which response types are implemented?
Which actors implement adaptation? This study extends earlier assessments of the state of adaptation
more generally 2° by analyzing the empirical evidence of coastal urban responses to climate change in
a systematic way. To do so, we assessed the state of adaptation in coastal cities as reported in the
scientific literature between 2013 and 2020. Coastal cities here are defined by the presence of central
functions like markets, medical services, and schools, relative importance for the surrounding area
(i.e., regardless of population size), and geographical position in the zone of geophysical influence of
coastal dynamics. Our sample covers adaptation activities in 199 cities, reported in 683 articles, of
which 182 were qualitatively coded using a questionnaire composed of 30 questions (see online
methods for details). Our analysis is hence limited to what is being reported in the scientific literature
and might include some hard-to-quantify biases that need to be addressed through additional data
sets in the future. However, we argue that it nevertheless can provide highly relevant insights not only
on urban adaptation research but also on the patterns of actual adaptation activities as adaptation
research has been expanding massively, now capturing a wide spectrum of activities on the ground.
Studies like these, therefore, provide an increasingly important knowledge base for tracking
adaptation activities 2°

This study has two main objectives: (1) to provide a first global stocktake of empirical evidence of
adaptation in coastal cities, including gaps and shortcomings, and (2) to inform policy and practice for
coastal city adaptation in order to advance effective adaptation strategies in response to current and
projected climate impacts.

Results

Coastal urban adaptation across the globe
The considered literature covers adaptation evidence from all country regions and income groups, yet
with some considerable differences (see Fig. 1; for a detailed list of countries covered in the sample
see SM.1). Most publications (31%) present evidence for adaptation from coastal cities in Asia,
followed by North America (23%), Europe (15%), and Africa (13%). Compared to the global share of
inhabitants living in the low-coastal elevation zone (LCEZ) between 0 and 10 meters above sea level
2627 some country regions are overrepresented. This is most evident for North America, Australasia,
and Small Island States which are home to 5%, 0.6% and 0.5% of the global population in the LCEZ,
respectively. However, in our sample of coastal urban adaptation evidence, they represent 23%, 11%,
and 3% of assessed coastal cities. Other regions are underrepresented in our sample in this regard.

This is most evident for Asia given its high number of inhabitants in the LCEZ. While inhabiting 75% of



the global population in the LCEZ, only 31% of our assessed urban coastal adaptation evidence stems
from this region.
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Figure 1: Geographical and economic distribution of coastal cities in the assessed literature.

Considering the income levels, the majority of adaptation in coastal cities is reported from high-income
economies (56%). This is in stark contrast to the fact that only 16% of the population located in the
LCEZ lives in high income economies. Nineteen percent of the reported coastal cities are in upper-
middle-income economies and 23% in lower-middle-income economies. Given that upper-middle
income countries inhabit roughly one third (34%) and lower-middle income countries even 43% of the
global population in the LCEZ 25?7, coastal cities in these income groups are considerably
underrepresented in our sample, meaning in the academic literature. Only two percent of the reported
activities are in coastal cities in low-income economies such as Mozambique (Maputo, Beira,
Inhambane) and Niger (Lagos). In comparison to their global population share living in the low-coastal
elevation zone of around 8%, coastal cities in this income group are also underrepresented in our
sample.

In terms of the coverage of different sizes of coastal cities (see SM.2), the assessed literature mostly
presents evidence for adaptation in coastal cities with less than 250.000 inhabitants (48% of the
reported cases). This pattern can partly be explained by our definition of “coastal city” based on their
central functions, rather than population thresholds. Evidence for adaptation from mid-sized coastal
cities with 250.000 to 1 million inhabitants is less well-covered in our sample; examples mostly are in
North America and Europe. Thirty-five percent of the reported adaptation happens in coastal cities
with more than 1 million inhabitants, with a majority of cases in Africa and Asia. Some megacities (i.e.,
cities with more than ten million inhabitants) such as New York, Jakarta, Manila and Lagos are covered
by multiple studies (see Fig. 1). Most empirical evidence for adaptation in coastal megacities stems
from Asia (57%), which aligns with the fact that out of 20 coastal megacities 15 are located in Asia %



as well as with the high share of overall population in the LCEZ in Asia, where 75 percent of the

population live in this zone 2%,

Hazards and trends of exposure and vulnerability

In terms of hazards, the adaptation activities reported in the sample predominantly address sea level
rise, different types of flooding and, to a lesser extent, storm surge, cyclones and erosion (see Fig. 2).
A majority of the assessed cases (65%) considers more than one hazard. Such consideration of multiple
hazards is most evident for the combination of sea level rise with storm surge, coastal flooding and
pluvial flood events as well as coastal erosion. This finding suggests that multi-hazard considerations
nowadays play a strong role in urban climate risk assessments, in line with what the conceptual
literature would be calling for 5°.

Regarding time scales and scenarios of hazards, studies predominantly consider past and current
events (Figure 2). Oftentimes studies consider future hazard trends in principle but not in a quantified
manner. While modeled trends and scenarios are quite frequently used as a basis for adaptation to
sea level rise, flooding and storm surges, they are much less common for other hazards.
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Figure 2: Consideration of risk factors in coastal urban adaptation



The picture is even more striking regarding how other risk factors, notably the exposure and
vulnerability of people and assets in coastal cities, are considered. In the vast majority of coastal cities,
reported adaptation considers only past and current patterns, with the population being the most
important element considered, followed by particularly vulnerable groups, residential buildings and
the coastline (Fig. 2). In cases where future trends in exposed and vulnerable assets are considered,
they are accounted for in a general or conceptual way, but not in terms of quantified scenarios. Across
our sample, the consideration of the presented elements at risk correlates weakly with a country's
income level. The higher the income group, the more likely that exposure and vulnerability aspects are
considered (see SM.3).

Responses and actors
Most of the reported adaptation in coastal cities can be categorized as technological/infrastructural
and behavioral/cultural adaptation (Fig. 3). But combinations of these two, as well as technological
and institutional responses were also frequently reported. Ecosystem-based responses are least
reported across all world regions, in particular in low, lower-middle and upper-middle income
countries.
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Figure 3: Response types and involved actors across income groups and country regions of the assessed coastal cities

The prominence of different response and actor types varies across country and income groups (see
Fig. 3) as well as city size. Most cases reporting technological or infrastructural responses are from
coastal cities in high-income countries. The coverage of institutional responses shows a similar pattern.
A correlation analysis confirms that the higher the Gross National Income (GNI) per capita, the more
likely that institutional adaptation (Spearman's rho = 0.24, p<0.01) and the less likely that behavioral
adaptation (Spearman's rho = -0.35, p<0.01) is mentioned (SM.4). Institutional responses are mostly
reported to be implemented by state-actors, especially city governments (SM.5) the most mentioned
actor type across our sample. Correlation analysis reveals that the higher the GNI per capita, the more
likely that the city government is assessed as an actor in adaptation (Spearman's rho = 0.30, p<0.01),
and the less likely that individuals/households are mentioned (Spearman's rho =-0.23, p<0.01) (SM.6).
Also, our analyses reveal that the bigger a city, the less likely that individual/household adaptation
action is mentioned (Spearman's rho = -0.30, p<0.01) and the more likely that city government is
assessed as actor involved in adaptation (Spearman's rho = 0.20, p<0.01) (SM.6).



Reported behavioral or cultural responses are most likely to be assessed together with individuals or
households as implementing actors (SM.7). This response type dominates the reported adaptation
evidence in coastal cities in lower-middle income countries. Accordingly, individuals and households
are mostly reported as adaptation actors here, while state actors such as city and sub-city governments
are less frequently assessed as implementers. In contrast to this trend, we find a low involvement of
individuals in low-income economies. However, the very small number of cases in the low income
category needs to be considered here.

While the assessed literature mostly presents adaptation evidence implemented by one type of actor—
in our sample mostly city governments followed by individuals/households—there is also reported
evidence for multiple actors involved in urban adaptation. In many cases, individuals/households and
city governments are mentioned together. Additionally, combinations of city and national
government, or a combination of the two with sub-city local government, are reported more
frequently than other combinations (SM.8).

Looking at adaptation types across country regions (Fig. 3, SM.7), urban behavioral adaptation is
significantly less likely to be reported in North American coastal cities (Spearman's rho =-0.21, p<0.01)
and coastal cities in Central and South America but more likely to be reported in coastal cities in Africa
and Asia. For the latter two, we find less evidence for institutional and ecosystem-based adaptation;
these adaptation categories are more likely to be assessed in Europe and North American coastal cities.
Evidence for technological adaptation measures is most likely to be assessed in European coastal cities;
research on institutional adaptation evidence features highest in North and South America.

Speed, scope, depth and evidence of risk reduction due to adaptation
Transformative adaptation can be assessed along the dimensions of depth (i.e. how deep institutional
and other changes are), speed (i.e. how fast adaptation is planned and implemented), and scope (i.e.
with which geographical and sectoral breadth adaptation happens) 2>%. Overall, we find that reported
adaptation remains at rather low depth, scope and speed in coastal cities, across all income groups
and country regions, with little evidence of reduced risks due to adaptation. Neither income level nor
population size predicts more or less transformative adaptation (SM.9).
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Figure 4: Depth, scope, and speed of the reported adaptation across income groups



The sample shows little evidence of deep coastal urban adaptation across income groups (see Fig. 4).
Few examples of urban adaptation with deeper changes, meaning entirely new practices involving
deep structural reform, a fundamental change in mindset, major shifts in perceptions or values, and/or
changing institutional or behavioral norms, stem from cities in high-income economies and from cities
in Small Island States. Given the small number of cases which feature such more fundamental forms
of adaptation, we provide an aggregated overview of specific studies in the following.

Some cases reported self- or state-led resettlement 3%3! to adapt to climate change impacts in coastal
cities. In cities such as Singapore and Hong Kong 32 and several Swedish cities ¥, existing infrastructural
measures are complemented by preparedness and recovery measures as well as ecosystem-based
approaches. Progress in the institutionalization and mainstreaming of basin-wide planning, the
integration of adaptation into mitigation and development planning, as well as the establishment of
legislation to reinforce adaptation in sectors like construction, are considered as evidence of more
transformative adaptation in coastal cities. We also identified evidence for medium adaptation depth
across income groups, where the assessed responses reflect a shift away from existing practices,
norms, or structures to some extent. In coastal cities located in high-income countries in Europe such
as Rotterdam, Dordrecht and Helsinki, medium depth adaptation is linked to the testing of innovative,
design-oriented adaptation approaches, the development of collaborative governance approaches as
well as public-private partnerships for improving funding and innovation 33, In smaller U.S. coastal
cities such as Dunedin and Fernandina Beach, changes towards cross-sectoral, comprehensive and
more integrative risk management plans (Diaz et al. 2016, Butler 2016) were described. Bigger U.S.
cities such as New York and Miami Beach are implementing both large-scale infrastructure investments

3941 and planning and/or complementary adaptation measures such as ecosystem-

39,42

for flood protection
based and soft adaptation approaches

In Asian cities in lower-middle and upper-middle income countries, medium depth adaptation includes
changes in adaptive behavior of individuals and households, for example, through changes in

3143-46 55 well as at institutional scale adaptations, for example, through the

livelihoods or migration
establishment of new institutions responsible for adaptive planning, disaster risk reduction planning
across scales or mainstreaming climate change policies in other sectors 4. The only city in a low
income country with evidence of medium depth adaptation is Maputo, which has mainstreamed
climate change adaptation in its development plans, attributed clear responsibilities for addressing

climate change impacts and started participatory urban planning processes *°.

For the majority of cities covered in our sample, adaptation remains at low depth across income groups
and country regions meaning that evidence for adaptation represents largely expansions of existing
practices, with minimal change in underlying values, assumptions, or norms. Examples are a

51,52

continuous focus on traditional infrastructural measures to avoid flooding , continued uptake of

flood insurance 3, or incremental adaptation in the form of reactive coping due to limited capacities
54,55

The scope of responses in our sample is mostly narrow, both across income groups as well as country
regions, meaning that evidence for coastal urban adaptation measures is largely localized and
fragmented, with limited evidence of coordination or mainstreaming across sectors, jurisdictions, or
levels of governance.



The speed of coastal urban adaptation is mostly considered low, especially in high, upper-middle and
lower-middle income countries and a majority of country regions. This means that adaptations are
incremental, consisting of small steps and slow implementation.

Given that depth, scope, and speed of adaptation were evaluated as rather low across our sample, it
is not surprising that there is little evidence for risk being reduced through these measures. While we
identified some cases that present evidence for risks being overcome through, for example,
ecosystem-based °*°7 and technological/infrastructural adaptation (e.g. *°8), some are linked to

negative side-effects or lacking long-term perspectives (e.g. >°) or even represent maladaptation (e.g.
52,60,61)

Discussion

Based on the analysis of adaptation in coastal cities as reported in the academic literature, we highlight
five key findings that have significant implications for research and policy-making in the field of coastal
urban adaptation to climate change.

First, our assessment shows that the knowledge about and coverage of adaptation in coastal cities are
highly uneven, with some cities receiving a lot of scientific attention and large gaps remaining. For
example, small and mid-sized cities in Africa, Asia and Central and South America are currently not part
of the global scientific debate. In our assessment, coastal cities in low-income, lower-middle, and
upper-middle income countries are underrepresented. Against the background that cities in Africa,
Asia and Central and South America are expected to experience a highly dynamic interplay of
urbanization, highly vulnerable informal settlements and future climate change impacts (¢2:7) this is a
significant gap in research that needs to be addressed urgently.

Second, we found that by and large, hazards, exposure and vulnerability are considered on the basis
of past and current events and conditions. The use of future climate scenarios or other quantitative
assessment taking into account future hazard trends remains scarce and the picture is even more
troublesome in terms of the future trends of exposure and vulnerability. Most reported adaptation is
not based on a thorough consideration, let alone quantified scenarios, of future developments in the
exposure and vulnerability of at-risk people, infrastructure, ecosystems and other assets. This leads to
skewed assumptions on future risk, jeopardizing the relevance and validity of the knowledge base for
adaptation planning. While this finding confirms earlier observations with respect to the low
consideration of future exposure and vulnerability trends in National Adaptation Plans (NAPs) ¢ and
cities 3, it is nevertheless striking given the high importance of dynamic changes in these domains for
changing future risk in coastal cities, for example, through further coastal urbanization or ongoing
socio-economic marginalization in many coastal cities 7.

Third, we find that the lower the income group of the country the coastal cities are located in, the
more likely individuals/households are reported as prime adaptation actors. At the same time
government responses and planned adaptation are more often reported in coastal cities in wealthier
countries. This suggests that residents with limited resources in poorer coastal cities have to carry most

3

of the adaptation burden ® which is often met with behavioral changes because of the lack of



institutional and/or technological support. These results corroborate other studies regarding the
inequality in the urban adaptation gap (°2:34), 2*:941)), which is most pronounced among the poor.

Fourth, the bigger a city, the more likely that technological responses and protection are assessed. This
relationship was also found in other studies . At the same time, there is a lack of reported empirical
evidence on ecosystem-based adaptation. Technology-based measures such as flood-barriers or
pumping installations are essential protective mechanisms in the short- and mid-term, e.g. for storm
water management. However, they can lead to a lock-in and maladaptive path dependency in the long-
term if coastal hazards continue to rise and hard protection fails or reaches limits of financial and

66,67

technical feasibility as well as cultural acceptance More research on alternative and

complementary adaptation measures is therefore needed to guide mixed approaches in the future.

Fifth, our findings suggest urgent needs for transformative adaptation in coastal cities. Across all
regions and income groups, reported adaptation in coastal cities remains at rather low depth, scope
and speed. Neither income level nor population size predicted more or less progressive adaptation
behavior. Given the high exposure and vulnerability of many coastal cities already today, this finding
is alarming as climate change will exacerbate existing risks and vulnerabilities. This finding affirms other
assessments of urban adaptation 2% and stresses the persistent need for transformative adaptation in
coastal cities. It is possible that the cumulative effects of incremental responses could, over time, lead
to meaningful and even transformative adaptation. However, the speed and amount of change needed
to mitigate current and future risks, could mean that incremental adaptation is tantamount to playing
“catch-up” as climate impacts accelerate.

The extreme changes in the oceans and coasts seen in the recent past, with e.g. new temperature
records #®8%° and low sea ice extent 7%, highlights the scale and speed of adaptation that will be needed.
Yet, our findings suggest that adaptation in coastal cities is rather slow, narrow and fragmented — in
other words non-transformative — in an environment that is transforming rapidly. Yet, the findings
presented here point towards an increasing range of adaptation activities in coastal cities and can help
to identify and fill existing gaps.



Online methods

We base our findings on the combination of a systematic review of scientific literature on coastal urban
adaptation to climate change across three reference databases (see Fig. 1) with a content analysis
based on a coding protocol, following the GAMI process.

After duplication

removal, n=683

p  Ressons:noempi rical evidence
for adaptation, not coastal, no
specific city

Manually coded
publications, n=182

Inter-coder variability Statistical analysis
test, n=75

Figure 1: Workflow

Relevant peer-reviewed, scientific, English-language literature on the topic of coastal urban adaptation
was identified in a four-tiered search process.

Literature search and data extraction
Publications of the category “cities and settlements by the sea” were extracted from the GAMI
database, a systematic dataset of over 1600 articles on climate adaptation. After a preliminary
overview of the 361 resulting publications, additional searches in Web of Science and Scopus, and lively
discussions among the co-authors—most of whom are well-acquainted with the literature in this
particular field—it was decided that the GAMI selection did not adequately represent the large pool of
existing literature on coastal urban adaptation. Hence, in a second step, a search string based on
boolean search terms was used to systematically search the reference databases Web of Science (Core
Collection) and Scopus for relevant literature for the years 2013 to 2020. With this we extended the
original GAMI search by one year; we did not include 2021 and 2022 based on the coding time-frame.

7L72 it was extended by

While the basis of the search string was adopted from the GAMI process
tailored search terms to yield more topic-relevant publications. The search strings and respective hits
can be found in the (SM.10). In a final step, the results of all three searches were combined and

duplications were removed.

10



Screening
A total of 683 scientific publications entered the screening process in which the coders assessed if a
publication should be included in the analysis. Strict inclusion/exclusion criteria (SM.11) guided their
decisions. A total of 501 publications were excluded because they did not present empirical evidence
for adaptation and/or did not focus on a coastal city.

Coding
Included publications were analyzed via a systematic content analysis. Using the online survey platform
SoSci Survey, coders completed one coding-questionnaire per city covered in the manuscript. This
means that for one publication, several questionnaires could have been completed in the case that it
dealt with two or more cities. In total, 182 publications (SM.12) covering 284 cases from 199 cities
and/or settlements with central functions such as schools, supermarkets and medical services were
included in the coding and statistical analysis, as well as four unspecified urban areas.

Data quality

Coder consistency and reliability was ensured by an introduction to the commonly developed
questionnaire, a code book/protocol with detailed definitions of all codes (SM.13), a pre-coding period
with interim meetings to discuss issues and confusions as well as multiple other meetings with all
involved coders. The coding included among others the following categories: hazard type, exposure
and vulnerability, actor type, response type, and—as indicators for transformational adaptation—the
depth, speed and scope of adaptation (see SM.13 for the full list of codes and variables). About 10
percent of the entire dataset, i.e. 72 publications, was double coded to check inter-coder reliability.
For 12.8%, conflicts regarding inclusion/exclusion arose. Of the 16 fully double-coded publications,
inter-coder variability rose to a maximum of 22.2%, meaning a convergence in roughly 80% of provided
answers, which was accepted as sufficient to consider the dataset as robust. Fourth, the data in the
form of codes were extracted from the platform, cleaned and statistically analyzed in IBM SPSS
Statistics 23, following the original GAMI approach 7+7374,

Data analysis
To get an overview of the dataset, descriptive statistical analyses were performed assessing the
frequency and proportion of all variables. To identify potential patterns, frequencies were assessed
across the World Bank income economies categories (hereafter income groups) > as well as across
country regions following the classification used in °. Moreover, we used different correlation tests to
explore potential relationships between Gross National Income (GNI) per capita as well as city size (in
terms of population) and patterns of actor involvement, adaptation type and depth, and speed and
scope of adaptation. To conduct a cross-sectional comparison of population data in the Low Elevation
Coastal Zone (LECZ) across different regions, we utilized "The Low Elevation Coastal Zone (LECZ) Urban-
Rural Population and Land Area Estimates, Version 3" dataset 2°. Within this dataset, we specifically
selected the population data from "Gridded Population of the World, Version 4 (GPWv4), Revision 11"
and the elevation data from "CoastalDEM90" as core datasets, due to their particular applicability in
global-scale and coastal analyses. The objective was to evaluate the existence of any relationship
between these two variables (GNI per capita and city size) and in particular to determine their potential
impact on our assessed variables. The Spearman rank correlation was employed to ascertain the
relationship between GNI per capita and city size with actor involvement. The correlation coefficient
ranges between -1 and 1, indicating negative and positive correlations respectively. The significance of
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the correlation is determined by the t-test, which assesses the hypothesis that the correlation is
different from zero. A significant t-value (usually p < 0.05) would indicate a statistically significant
correlation between the variables. The relationship between adaptation actors and response
categories was determined using the chi-square test, a common statistical method for measuring the
association between binary variables. The strength and direction of the association are represented by
the Phi coefficient. This coefficient, like the Spearman correlation, ranges from -1 to 1, with values
close to -1 indicating a strong negative association, values close to 1 indicating a strong positive
association, and values close to 0 indicating a weak or no association. The significance of the Phi
coefficient is also determined using a chi-square test, with a significant result indicating a statistically
significant association between the binary variables.
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Supplement Material
1. Supplement Material - Results

SM.1: Considered countries according to World Bank income categorization

Country Name Count GNI Income-Group Count
Mozambique 4 490 Low 5
Niger 1 590
Tanzania 10 1100 Lower Middle 67
Senegal 2 1430
Kenya 3 1830
Trinidad and 1 1930
Tobago
Bangladesh 9 1930
Nigeria 6 2030
India 3 2120
Ghana 4 2230
Solomon Islands 1 2370
Vietnam 4 2570
Kiribati 3 3430
Vanuatu 1 3450
Philippines 19 3850
Micronesia 1 3930
Indonesia 15 4050 Upper Middle 54
Samoa 2 4230
Belize 1 4690
Tonga 1 5150
Fiji 3 5800
Ecuador 2 6090
Guyana 2 6630
South Africa 8 6670
Peru 1 6790
Thailand 4 7260
Brazil 5 9270
Maldives 3 9640
China 7 10310
Oman 1 16430 High 158
Uruguay 1 17760
Greece 1 19670
Saudi Arabia 1 22840
Portugal 3 23200
Taiwan 5 26561
Spain 1 30380
South Korea 4 33830
Italy 2 34910
Japan 4 42330
France 4 42550
New Zealand 2 42870
United 3 43460

Kingdom



Canada 6 46540
Germany 4 49190
Finland 3 49990
Hong Kong 3 50480
Netherlands 8 53230
Australia 25 54910
Sweden 8 56410
United States 58 58390
Singapore 4 58390
Ireland 1 63300
Denmark 3 63460
Norway 3 81640

SM.2: Covered coastal cities according to population size and country region

Central Small
Austral- |and South |North Island Total
Africa Asia asia America |America |Europe States globally
< 250k 14 27 21 5 37 24 8 136
250k - 1M 7 8 7 1 13 14 0 50
iM-5M 12 24 3 2 2 5 0 48
5M - 10M 0 20 0 3 12 1 0 36
> 10M 5 8 0 1 0 0 0 14

SM.3: Correlations between exposure and vulnerability assessments and GNI per capita and urban population size

Buildings/ Environmental
Spearman's rho |infrastructure | Businesses assets
GNI per capita | Correlation 1458 0.014 -0.051
(Atlas method | Coefficient
{current US$) | Sig. (2-tailed) 0.015 0.811 0.388
City Correlation -0.079 0.087 -0.020
Population Coefficient
Sig. (2-tailed) 0.191 0.148 0744

= Correlation is significant at the 0.01 level (2-tailed).
* Correlation iz significant at the 0.05 level (2-tailed).



SM.4: Correlations between response type according to GAMI and GNI per capita and urban population size; significant
correlations at the 0.01 level marked in grey

Behavioral/ Ecosystem- | Technologicall | Institutional
Spearrmarn's rho cultural based infrastructural
GNI per capita | Caorrelation 347 -0.001 0.095 295
(Atlas method |Coefficient
(current US$) |Sig. (2-tailed) 0.000 0.991 0109 0.000
City Population |Correfation 1717 0.088 REED 0.089
Coefficient
Sig. (2-tailed) 0.004 0.104 0.002 0.099

= Correlation iz gignificant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

SM.5: Correlations between actor types and response categories; significant correlations at the 0.01 level marked in grey

Individual(s), Civil society International
private Civil society (national, City Sub-city local National Private Sector | Private Sector governance
household(s) | (sub-national) international) government government government SMEs Cooperations inst. Other
Behaviorall cultural | Correlation &33” 0.000 0.012 2307 181" -141 -0.042 -129 -0.104 225"
Cosfficient
Sig. (2-tailed) 0.000 0.994 0.838 0.000 0.002 0.017 0.481 0.030 0.079 0.000
Ecosystem-based Correlation 202" 163 0.086| 2077 248" 65 -0.012] 0.065 0.000 -0.052|
Coefficient
Sig. (2-tailed} 0.001 0.008 0.148 0.000 0.000 0.005 0.838 0.271 0.588 0380
Technologicall Correiation -227" -0.043 0.021 289" 0.018 147 0.107 154" -0.004 128
infrastructural Cosfiicient
Sig. (2-tailed} 0.000 0412 0719 0.000 0.765 0.013 0.072 0.009 0.845 0.031
Institutional Caorrelation T a0 0,077 476" R 18 145 181 164 0.020)
Coefficient
Sig. (2-tailed) 0.000 0.018 0.194 0.000 0.0 0.002 0.014 0.008 0.008 0.739)

*. Correlation is significant at the 0.05 level (2-tailed).
=*_Correlation is significant at the 0.01 level (2-tailed).

SM.6: Correlations between actor type and GNI per capita and urban population size; significant correlations at the 0.01

level marked in grey
Internatio
Individual(s), Civil society nal
private Civil society {national, City Sub-city local National Private Sector|Private Sector| governan
Spearman'srho | h hold{s) | {sub-nati 1) | internati I} | government | government | government SMEs Cooperations | ceinst Other
GNI per capita | Correlation _ 03" -142° -0.010 209" 25 -0.111 0.002 0.008 -155" 0115
(Atlas method | Coefficient
(current US$) | Sig. (2-tailed) 0.000 0.017 (0.864 0.000 0.036 0.062 0.977 0.887 0.009 0.053
City Correlation _205 0.085 -0.022 199" 0.032 155" 0.094 174" 0.006 0.074
Population Coefficient
Sig. (2-failed) 0.000 0.159 0721 0.001 0.597 0.010 0116 0.004 0.925 0.218

*= Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

SM.7: Correlations between country region or income group and response type; significant correlations at the 0.01 level

marked in grey

Central and Small Island Income_Group
Africa Asia Australasia South America | North America Europe States (1-4 low-high}

Behaviorallcultural | Correlation AT A3 -0.018 -0.074 _4" -0.048 0.082] -348"
Coefficient

Sig. (2-tailed) 0.008 0.027 0.754 0211 0.000 0.421 0171 0.000

Ecosystem-based Correlation 0.039 -0.024 -0.105 0.014 -0.065 23 0.083 -0.010
Coefficient

Sig. (2-tailed} 0.512 0.589 0.075 0.811 0.275 0.039 0.252] 0.870

Technological/ Correlation -0.074 0.041 -0.081 0.007 -0.005 118 -0.085| Az
infrastructural Coefficient

Sig. (2-tailed) 0214 0438 0171 0.507 0936 0.045 0.268) 0.038)

Institutional Correlation 119 -128 0.076 A3 AT -0.007 -0.108] A7
Coefficient

Sig. (2-tailed} 0.045 0.032 0.200 0.027 0.005 0.504 0.089) 0.004]

= Correlation is significant at the 0.01 level (2-tailed).
= Correlation is significant at the 0.05 level (2-tailed).
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SM.8: Actor combinations

Individual(s),

Intersection size

8

Actor D

City government
private household(s)
National government

Other

Sub~city local government
Civil society (sub—national)

Private Sector SMEs

Private Sector Cooperations
Civil society (national, international)
International governance inst

26
16
12

0?3 .§II

——9 -

SM.9: Correlations between depth, scope and speed of adaptation and GNI per capita and urban population size

Depth Scope Speed

GNI per Pearson 0.102 0.047 0.058
capita (Atlas |Correlation
method Sig. (2- 0.087 0.426 0.331
(current US$)|tailed)
City Pearson -0.036 0.064 -0.058
Population | Correlation

Sig. (2- 0.546 0.289 0.337

tailed)

* Correlation is significant at the 0.05 level (2-tailed).
= Correlation is significant at the 0.01 level (2-tailed).
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2. Supplement Material - Online methods

SM.10: Search strings, combinations and resulting numbers of publications (the original GAMI-search was complemented by
terms tailored to the specific research interest (added terms in italics)

Reference data  Search terms Combine  Combine
d with
GAMI**

T5= (climat™® or "global warming”)

bank d*

AMD TS5= (adapt® or resilien® or "risk | Refined by: DOCUMENT TYPES: (Art
Data Paper OR Database Reviaw OR

Review) Timespan: 2013-2020.

management" or "risk reduction”)

Web of Science

AND T5= ("coast™ city” OR “ocean Index EXPANDED, S5CI, ARHCI, CPCI- 156
cit*™™ QR “port ¢it*” OR “harbar® S, CESCL
cit*” OR “coast™ urban” OR “urban
coast*” OR waterfront)
GAMI #1:
Reference TITLE-ABS-KEY [climat™ or "global AMND [ LIMIT-TO [ PUBYEAR , 2020 683
databases warming”) OR [ LIMIT-TO [ PUBYEAR , 2015 ) 337
OR LIMIT-TO | PUBYEAR, 2018)
AMD TITLE-ABS-KEY (adapt® OR OR LIMIT-TO | PUBYEAR, 2017 )
resilien® OR “risk management” OR OR LIMIT-TO | PUBYEAR , 2016 )
Scopus “risk reduction”) OR LIMIT-TO | PUBYEAR , 2015 )
OR LIMIT-TO | PUBYEAR , 2014 ) 287
AND TITLE-ABS-KEY [“coast™ city” OR LIMIT-TO | PUBYEAR , 2013 )]

OR “ocean cit™ OR “port cit™ OR
“harbor® cit*” OR “coast™ urban”
OR “urban coast™ OR waterfront)

AND [ LIMIT-TQ [ DOCTYPE, "ar"
OR LIMIT-TO [ DOCTYPE, "cp”) OR
LIMIT-TO | DOCTYPE, "re”) OR

LIMIT-TO (DOCTYPE, "le" ) )

* titles that appeared in both searches were delated; ** Combination from Wo3 and Scopus combined with GAMI #1; publications
appearing in both searches were anly counted once

SM.11: Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Population/ Problem (P)

Examples for inclusion/exclusion

Focused on
adaptation to actual,
projected, or
perceived impacts of
climate change.

Focused on
responses to
environmental
variability that are
not conceptually
linked to climate
change.

Example of document that would be excluded: Responses
to flooding or heat waves with no justification or mention
in full text that variability may be affected by climate
change.

Note: evidence of detection and attribution is not
required, but there must be some justification for how
climate can, or may in the future, be an important driver
of impacts.

Interest (1) and Context (Co)

Substantive focus on
adaptation to climate
change

Primary focus on
mitigation to climate
change or on impacts
of climate change
that are not framed
as potentially
adaptive

Examples of documents that would be excluded: Energy
efficiency programs; planting trees to absorb CO ; energy
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22



Presents empirical
data on
observed/documente
d adaptation
responses

Primary
contributions are
conceptual or
theoretical; or
presents potential
adaptations,
adaptation
constraints, or
adaptation
opportunities

Examples of documents that would be excluded:
Papers theorizing adaptation opportunities, but results
are not based on empirical data collection.

Examples of documents that would be included:

Assessing or proposing potential benefits of adaptation
options, adaptation planning, or assessment of constraints
to, or opportunities for, adaptation. Must be based on
qualitative or quantitative data collection (e.g. interviews,
focus groups, policy analysis, field work). Can be
secondary analysis, combining multiple empirical studies.
Must be evidence in the title or abstract that there is
substantial empirical data presented.

Presents empirical
data on adaptation
responses from
coastal cities

Primary focus on
empirical response
data from non-
coastal cities

Examples of documents that would be excluded: Empirical
response data stems from a non-coastal city and is only
partly compared with coastal cities. In the coding
questionnaire, the document must be ticked as “non-
coastal city example” to reconsider it at a later stage.

Examples of documents that would be included: Case
studies or comparative studies providing empirical
response data from coastal cities. Coastal cities are
defined by the presence of central functions like markets,
medical services, and schools, relative importance for the
surrounding area, and geographical position in the zone of
influence of geophysical coastal dynamics.
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initiated by humans
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Focuses on actions
that are directly
aimed at

risk/vulnerability

reduction
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vulnerability or
proposing potential
actions, with no clear
evidence of activity
that directly reduces
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aimed at reducing risk/vulnerability.
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SM.13: Descriptions of all codes

| Options

| Definition/description and examples

6. Country/ Country name

countries

7. City/cities City name (one questionnaire per city please)
8. Actor(s) Individual(s), private household(s) Formal as well as informal individuals and

households

Civil society (sub-national or local)

Formal community associations

Civil society (national, international,
multinational)

\Voluntary civil society organizations. Includes
charities, non-profits, faith-based
organizations, professional organizations (e.g.
abour unions, associations, federations),
cultural groups, religious groups, sporting
pssociations, advocacy groups (e.g. NGOs).

City government

City-level government/authorities

Sub-city local government

Community government, municipal
overnment

National government

National-level government authorities,
officials, bodies

Private sector SMEs

Small and medium-sized enterprises

Private sector corporations

Large national or international companies

International or multinational
governance institutions

Global or regional treaty body or agency (e.g.
UN institutions/organizations, EU institutions,
Organization of American States, African
Union)

9. Hazard(s)

Increased frequency or intensity of
urban heat

Including heat waves and urban heat island
effect

Drought/ water scarcity

Flooding - unspecified

ho specific types of flooding mentioned

Flooding - fluvial

Flooding originating from river overflows

Flooding - pluvial

Flooding originating from precipitation

Flooding - coastal

Storm flood, tidal flood

Flooding - sewer

Flooding originating from sewage system,
canals or drainage system

Flooding - flash flood

Sudden and rapid flood event; can be triggered
by heavy rain (particularly in dry areas),
Volcanic eruptions, glacier melt, hurricanes and
tropical storms

Storm surge

The temporary increase, at a particular locality,
n the height of the sea due to extreme
Imeteorological conditions (low atmospheric
pressure and/or strong winds). The storm
surge is defined as being the excess above the
evel expected from the tidal variation alone at
that time and place. (IPCC 2018)

Tropical Cyclone

Storms that develop over tropical oceans and
can hit adjacent coastal areas; can be called
hurricanes, typhoons, cyclones (depending on
world region)

Tornados

Storms that develop over land; they are
funnel-shaped and cause a very narrow swath
of destruction

Sea level rise

Coastal erosion

Saltwater intrusion

Displacement of fresh surface water or
croundwater by the advance of salt water due
to its greater density. This usually occurs in
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coastal and estuarine areas due to decreasing
and-based influence (e.g., from reduced
runoff or groundwater recharge, or from
excessive water withdrawals from aquifers) or
ncreasing marine influence (e.g., relative sea
evel rise). (IPCC 2018)

General climate impacts

No specific hazard identified

other

10. Exposure and
vulnerability

not applicable/ not mentioned

Food security

Accessibility of safe, nutritious and sufficient
food at all times of the year. Related to
kustainable food production systems and
resilient agricultural practices; equitable access
to land, technology and markets and
nternational cooperation on investments in
nfrastructure and technology to boost
pgricultural productivity

Water and sanitation

Accessibility to safe water and sanitation;
sound management of freshwater ecosystems
essential to human health and to
environmental sustainability and economic
prosperity. Related to growing demand for
Water, threats to water security and the
ncreasing frequency and severity of droughts
and floods resulting from climate change

Energy security

Concerns universal access to affordable,
reliable, and modern energy services, including
renewable energy, energy efficiency, and
kustainable energy infrastructure

Health & well-being

Major health priorities, including reproductive,
Imaternal and child health; communicable,
hon-communicable and environmental
diseases; universal health coverage;
dccessibility to safe, effective, quality and
pffordable medicines and vaccines; research
and development, health financing, and
capacity for health risk reduction and
lmanagement

Poverty

Social protection for the poor and vulnerable,
dccessibility of basic services and supports to
people harmed by climate-related extreme
events and other economic, social and
environmental shocks and disasters

Gender equality

Gender inequality depriving women and girls
of their basic rights and opportunities. Related
to legal frameworks, deeply rooted gender-
based legal discrimination, unfair social norms
and attitudes, decision-making on sexual and
reproductive issues and low levels of political
articipation.

Inequalities (other than gender)

Relates to income inequalities,
social/economic/political/legal inclusion,
enhanced representation for vulnerable
populations, and orderly, safe, and responsible
Imigration/mobility, equitable development

pssistance and financial flows
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Education

Accessibility to, and quality of, education to
early childhood development, care, and
education across all levels, with particular
emphasis on eliminating gender disparities in
education

Peace, justice, and strong institutions

Concerns promotion of peaceful and inclusive
societies for sustainable development, access
to justice for all, and building effective,
hccountable, and inclusive institutions at all
evels

Sustainable development

Concerns the development of safe, resilient,
and sustainable cities and human settlements,
ncluding affordable and safe housing,
sustainable and accessible transport, equitable
participation in urban planning, protection of
cultural and natural heritage, responsible
Wwaste management, universal access to safe
ublic spaces, and sustainable building

Work and economic growth

Concerns economic growth through
technological innovation, development-
oriented policies, diversification, global
resource efficiency, and work equity

Consumption & production

Related to sustainable management and
efficient use of natural resources, reducing
food waste and post-harvest loss, sound
Imanagement of wastes & chemicals, reduction
across all waste streams (recycling, reducing,
reusing), sustainable production practices,
sustainable tourism, and market restructuring
to create incentives for sustainable
consumption & production.

Infrastructure damage and/or loss

Damage or loss of infrastructure (ICT,
buildings, roads, energy, health system, etc.)

Industry, innovation and technology

Relates to the development of sustainable
nfrastructure and industrialization, and

research and technological development to
romote equity and human well-being.

Environmental damage and/or loss

Damage or loss of ecosystem services and
resources

Out-migration

In-migration

11. Elements at
risk

Buildings and
infrastructure

Unspecified

Not described in detail

Buildings, not specified

Buildings in general without detailed
description of type or function

Residential buildings

Residential buildings of any type (including
Imakeshift buildings)

Commercial buildings

Buildings for retail and other commercial
urposes

Critical infrastructure, general

e.g. transport, energy, water, hospitals

Port infrastructure

Industrial infrastructure

e.g. production halls or other locations of
ndustrial production and or development

11. Elements at
risk

People, groups,
actors

Unspecified

Population in general

Particularly vulnerable groups

Low income groups, ethnic minorities, women,
children/youth, elderly, disabled, migrants

Large corporations

More than 250 employees (WDI Database)
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Small and medium-sized companies

Small: 10-49 employees, medium: 50-249
employees (WDI Database)

Micro businesses

1-9 employees (WDI Database)

11. Elements at
risk

Environmental
assets and
services

Unspecified

Marshes

Wetlands

Coastlines/ shore

Mangroves

Inner-urban greenery

12. Response
type

Behavioral/cultural

Enabling, implementing, or undertaking
ifestyle and/or behavioural change (e.g.

evacuation planning, migration, livelihood

diversification, change of agricultural
ractices)

Ecosystem-based

Enhancing, protecting, or promoting
ecosystem services (e.g. ecological restoration
and conservation, afforestation, green
nfrastructure)

Technological/infrastructural

Enabling, implementing, or undertaking
technological innovation or infrastructural
development (e.g. new crop varieties, water
saving and irrigation techniques, hazard
Imapping and monitoring, sea walls, water
storage, shelters)

Institutional

Enhancing multilevel governance or
nstitutional capabilities (e.g. adaptation plans,
community-based adaptation, laws and
regulations)

13. Response
type IPCC

Protect

Site-specific features such as sea walls, dikes,
dunes, and vegetation to protect the land from
the sea so that existing land uses can be
retained (IPCC 1992)

Accommodate

Measures would be taken to allow for
continued habitation of the area. Specific
responses under this option would include
erecting flood shelters, elevating buildings on
pilings, converting agriculture to fish farming,
or growing flood- or salt-tolerant species. (IPCC
1992)

Advance with ground elevation

ncluding land reclamation

Retreat

Providing for people and ecosystems to shift
andward in an optimal fashion (IPCC 1992)

14. Response

Behavioral change

Change of activities, habits, traditions to
reduce risk

Livelihood diversification

IAdopt additional livelihood sources

Livelihood change

Change from one livelihood source to another

Migration

Change place of living

Awareness raising

Distribution of information on hazards,
otential responses

Urban greening

e.g. Vertical and rooftop greening, parks

Urban blue infrastructure

e.g. ponds, water fountains

Reforestation

e.g. urban forests, Mangroves

Renaturation

e.g. flood plains/giving space to rivers

Protective infrastructures

e.g. dams, sea walls, flood gates, irrigation
systems

Drainage, reservoirs

e.g. water canals, polder systems, ponds, etc.

Elevating building
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Risk assessments and maps for
planning

Qualitative or quantitative risk assessments
assessment of vulnerability, exposure,
capacities)

Risk management planning

Spatial analysis of risk (vulnerability, exposure,
capacities) visualized in a map

Early Warning System

Timely, relevant, and accurate predictions of
hazards to warn the public and trigger
effective response actions

Legal instrument(s)

e.g. legal obligation for urban greening, in
some countries building codes etc.

Adaptation plan

Policy plan that details the process of
@nalyzing, selecting and prioritizing measures
n response to climate change.

Adaptation funds

Financial means specifically dedicated for
planning and implementing adaptation
Imeasures

Resettlement/relocation

Permanent voluntary or forced relocation of
exposed individuals, families or entire
communities to less exposed areas

Formal social protection schemes

e.g. health insurance, pension, etc.

Insurance

e.g. Property or crop insurance, micro-
nsurance

15. Depth of
response

High

Adaptations reflect entirely new practices
nvolving deep structural reform, complete
change in mindset, major shifts in perceptions
or values, and changing institutional or
behavioral norms.

Medium

Adaptations reflect a shift away from existing
ractices, norms, or structures to some extent.

Low

Adaptations are largely expansions of existing
practices, with minimal change in underlying
values, assumptions, or norms.

Confidence in statement

ot certain: Unable to decide based on the
nformation in the article (e.g., not enough
nformation or issue is not discussed).
rather low

rather high

16. Scope of
response

High

IAdaptations are widespread and substantial,
ncluding most possible sectors, levels of
overnance, and actors.

Medium

Adaptations is expanding and/or
Imainstreaming to include a wider region,
Imultiple areas and sectors, or involvement of
coordinated, multi-dimensional, multi-level
pdaptation.

Low

IAdaptations are largely localized and
fragmented, with limited evidence of
coordination or mainstreaming across sectors,
urisdictions, or levels of governance.

Confidence in statement

hot certain: Unable to decide based on the
nformation in the article (e.g., not enough
nformation or issue is not discussed)
rather low

rather high

17. Speed of
response

High

Adaptations are substantially exceeding
business-as-usual incremental norms. Change

s considered rapid in a given context.
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Medium

Adaptations are increasingly exceeding
business-as-usual behavioral or institutional
change to reflect accelerated adaptive
Fesponses.

Low

Adaptations are incremental, consistent with
existing behavioral or institutional change.

Confidence in statement

hot certain: Unable to decide based on the
nformation in the article (e.g., not enough
nformation or issue is not discussed)
rather low

rather high

| 18.
Implementation
tool(s)

Direct regulation

Law or policy mandating or restricting actions

Policy Plan

Strategy or plan to shape future action (can be
voluntary or mandated)

Economic instrument(s)

e.g. financial incentives, taxes, fees, subsidies,
nsurance

Information provisioning

e.g. information campaigns, education (focus
on dissemination of information and
knowledge)

Capacity building

Activities to help individuals be more effective
gt adaptation (that aren’t explicitly financial or
nformation based), e.g. providing seeds or
nfrastructure

Network

Community networks or inter-organizational
collaborations to develop or implement
pdaptation responses

19. State of
implementation

Vulnerability assessment and/or
early planning

The impacts of climate change are known as
east indicatively (qualitative information),
taking account of the uncertainty involved in
climate change scenarios. There is some
evidence of vulnerability assessment. There
Imay be evidence that some adaptation
Imeasures have been identified and plans may
be made for their implementation. There is
imited evidence of implementation, or only
small and ad hoc adaptation implementation

Adaptation planning and early
implementation

There is widespread recognition among
decision-makers of the need for adaptation
Imeasures. Impacts and vulnerability are well
understood. Adaptation measures have been
dentified and there is evidence of at least
some coordinated implementation, though
Imeasures may still be ad-hoc.

Monitoring and evaluation after
initial first implementation/ pilot

Assessment and evaluation of the first
adaptation pilot to analyse the measures’
acceptance, effectiveness and potential
options for larger role-out.

Implementation expanding

There is widespread recognition and
bcceptance of the need for adaptation
Imeasures and coordinated planning. There is
evidence that adaptation has been
ncorporated (mainstreamed) into decision-
Imaking processes. Implementation of
pdaptation measures are more likely to be
coordinated as part of a coherent strategy

than ad-hoc.
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Implementation widespread/role
out

Adaptation measures are implemented and
coordinated consistently across all relevant
sectors and regions, with adaptation planning
standard practice and well-established within
egal/institutional/cultural/social frameworks
gnd norms.

Evidence of reduced risk

There is moderate to substantial evidence that
key indicators of vulnerability and/or risk have
declined, as well as (qualitative or
quantitative) evidence that adaptation efforts
have contributed to these reductions.
Evidence may be attribution-based or based
on robust narratives and theories of change.

20. Evidence of
reduced risk or
vulnerability

Yes

The change must be documented to respond
yes' for this question. Anticipated or expected
reduction is not sufficient. Note that these
don't need to be quantitative, but could
nvolve theory of change, narrative
ustifications of change, or other.

No

21. Co-Benefits

Co-benefits for mitigation

Mitigation = A human intervention to reduce
the sources or enhance the sinks of
reenhouse gases (GHGs). (IPCC 2014)

Co-benefits for health

Co-benefits for poverty alleviation

Co-benefits for ecosystems

Other co-benefits (specify)

Co-benefits = The positive effects that a policy
or measure aimed at one objective might have
on other objectives, thereby increasing the
total benefits for society or the environment.
IPCC 2018)

22. Trade-offs

Trade-offs (free-text, quote)

Did the response create trade-offs? Describe
Wwhich.

23. Limits to
adaptation

(The point at
which an actor’s
objectives (or
system needs)
cannot be
secured from
intolerable risks
through adaptive
actions (IPCC
2018))

Limits present, but no evidence
they are challenged/overcome

Soft limits challenged but not yet
overcome

Soft limits = Options are currently not
Qvailable to avoid intolerable risks through
pdaptive action. (IPCC 2018); limits to
bdaptation that may change in the future

Soft limits overcome

Hard limits challenged but not yet
overcome

Hard limits = No adaptive actions are possible

to avoid intolerable risks (IPCC 2018); limits to

bdaptation that are not mutable (often bio-
hysical and/or physiological),

Hard limits overcome

24. Yes (free text, quote)
Maladaptation No
25. Quality Methodology Are methods described transparently? Do you
criteria evaluate them as suitable and sound? Are
there methodological flaws?
Coherence Could questions be answered directly from

data (clear evidence) or was there need for

nterpretation?
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Adequacy How would you evaluate the quantity (e.g.
ample size) and richness (sufficient detail to
ain an understanding) of the data?

Relevance For which context is the study relevant? Only
or particular groups, regions, sectors, etc. or
lobally?
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