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Abstract
Globally, Indigenous Peoples and local communities with nature-based livelihoods, such as small-scale agriculture, pastoralism, fishing, and
foraging, face increasing climate change impacts. While implementing adaptive measures is urgently needed in such contexts, various
constraints hamper their adoption. To understand these constraints and identify potential adaptation opportunities, this study adopts a multi-
site comparative approach. We assessed commonalities and context-specific peculiarities of adaptation determinants among ten Indigenous
Peoples and local communities across the globe. Data were collected using a mixed-method approach that included semi-structured
interviews, focus group discussions, and household (n = 1,045) and individual surveys (n = 1,349).

The number of adaptive measures implemented by households is weakly correlated with the experienced severity of climate change impacts,
suggesting that while cognitive factors could promote adaptation, other factors constrain it. Despite the complexity of adaptation and the
relevance of context-specific adaptation determinants, we find common patterns across sites: Individuals who perceive severe climate change
impacts and belong to households with low adaptation rates generally have fewer assets, lower social capital, and less access to sufficient
and preferred food and freshwater sources compared to those who perceive less severe impacts and live in households with more adaptive
measures implemented.

Effective adaptation planning and implementation should consider both commonalities across sites and context-specific peculiarities of
adaptation constraints. Enhancing information exchange between local communities and institutions is crucial for the development of
adaptation solutions across multiple scales.

1. Introduction
Climate change poses a major challenge for humanity, affecting safety, livelihoods, and food and water security globally (Caretta et al. 2022;
Mbow et al. 2022). Risks associated with climate change impacts are especially acute for Indigenous Peoples and local communities with
nature-dependent livelihoods, such as small-scale agriculture, pastoralism, fishing, and foraging (Morton 2007; Birkmann et al. 2022; Reyes-
García 2024). To minimise adverse climate change impacts in these communities, the implementation of timely, effective, just, and sustainable
adaptation strategies is needed (Adger and Barnett 2009). However, responding to climate change impacts is far from straightforward. Rather,
it is a complex process simultaneously influenced by multiple factors beyond climate change itself and requiring resources at various scales
(Eriksen et al. 2015). Scientific literature suggests that two key aspects play a major role in the process of implementing adaptive measures:
motivation and adaptive capacity (Siders 2019; Van Valkengoed and Steg 2019; Thomas et al. 2021).

Motivation to adapt arises from people's recognition of the need to adjust to experienced or expected climate change risks and impacts (i.e.,
climate change risk and impact appraisal) and of people’s beliefs in and understanding of the benefits arising from the adaptation process (i.e.,
people’s appraisal of the efficacy of adaptation) (Grothmann and Patt 2005; Van Valkengoed and Steg 2019). Climate change risk and impact
appraisals are highly shaped by people's place of residence and direct dependence on and relationship with nature (Morton 2007; Birkmann et
al. 2022), but also by cognitive and psychological factors (Grothmann and Patt 2005). Studies highlight the important role of cognitive factors,
including previous experiences with climate hazards and impacts, climate change risk awareness, and adaptation appraisal, in driving
adaptation motivation (Dang et al. 2018; Khanal et al. 2018). For example, individuals who have personally experienced extreme events and
consider an adaptive measure as effective against such events are more likely to adopt this measure than those who have not experienced
extreme events (Wilson et al. 2020).

In addition to motivation, people’s adaptive capacity plays a major role in the adaptation process. The adaptive capacity is defined by the
factors that facilitate, hamper, or impede the adaptation process, thus by the prevalence of adaptation opportunities, constraints (also referred
to as barriers), and limits (Klein et al. 2014). Adaptation opportunities foster people’s adaptive capacities and facilitate the planning and
implementation of adaptation strategies (Klein et al. 2014). On the contrary, adaptation constraints have been defined as the ‘subjective
interpretation or collective understanding of sequential or simultaneously operating factors and conditions [...] which the actor values as
having a negative influence on the process and reduce the chances of successful outputs, but that are manageable and can be overcome with
concerted efforts’ (Biesbroek et al., 2013, p. 1127) and as ‘impediment[s] to specified adaptations for specified actors in their given context [...]’
(Eisenack et al., 2014, p. 686). An adaptation limit exists when no adaptation options are available to secure valued objectives from intolerable
risks (Dow et al. 2013). We acknowledge that, in practice, the distinction between adaptation constraints and limits is not always clear and
that, in certain contexts, constraints might turn into limits (Moser and Ekstrom 2010; Shackleton et al. 2015; Barnett et al. 2015). Adaptation
constraints, including limits, and opportunities are complementary concepts, for which studying the former helps detect and support the latter
(Biesbroek et al. 2013). Specifically, assessing how adaptation constraints and limits affect people’s adaptive capacity helps to understand
why experiencing or expecting adverse climate change impacts and acknowledging the need for and benefits from adaptation does not
automatically lead to adaptation actions (Spires et al. 2014; Shackleton et al. 2015; Piggott-McKellar et al. 2019).
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To assess people’s adaptive capacity, most studies refer to the sustainable rural livelihood approach and use access to different types of
capitals as a proxy for adaptive capacity (Morse and McNamara 2013; Siders 2019). Several studies have found a positive association
between people’s adaptive behaviour and people’s access to capitals, including financial and economic (e.g., income), physical (e.g.,
agricultural equipment), human (e.g., education, access to information), natural (e.g., secured land tenure, soil fertility), and social capital (e.g.,
access to agricultural extension, social group membership) (e.g., Deressa et al. (2009); Brown et al. (2019); Antwi-Agyei et al. (2021)).

However, assessments of adaptive capacity focusing on the access to different types of capitals that neglect cultural, cognitive, and
psychological aspects in decision-making fall short in explaining adaptive behavior. Instead, understanding the complexity of adaptation
determinants requires paying attention to both adaptation motivation (e.g., cognitive and psychological factors) and adaptive capacity (e.g.,
socio-economic factors) (Mortreux and Barnett 2017; Dang et al. 2019).

Empirical studies are important to understand context-specific biophysical, economic, political, and socio-cultural conditions for local
adaptation planning (Shackleton et al. 2015). Yet, research on adaptation constraints and adaptive capacity remains fragmented and
disconnected, and lacks a consistent application of concepts and methods (Siders 2019; Berkhout and Dow 2023). Specifically, case studies
do not support the identification of common patterns of adaptation constraints beyond the local context. Therefore, they do not provide the
type of generalisations that can support policy makers in formulating regional and global policies. To make insights from place-specific
experiences transferable to other places, additional efforts in improved multi-site, cross-scale and cross-context assessments are needed
(Siders 2019; Vallury et al. 2022). Such types of assessments, however, are largely lacking in literature on adaptation (see Berman et al. (2020)
as an exception).

Our work contributes to filling these research gaps by assessing commonalities and context-specific peculiarities of adaptation determinants,
including cognitive and socio-economic factors influencing the implementation of adaptive measures among Indigenous Peoples and local
communities. Specifically, we draw on empirical evidence from ten nature-dependent communities to address three questions: 1) How does
the experience of climate change impacts trigger the implementation of adaptive measures? 2) What are the locally relevant and context-
specific adaptation constraints experienced by Indigenous Peoples and local communities? 3) How do socio-economic factors relate to
experienced climate change impacts and implemented adaptive measures beyond the local context?

2. Methods
This study is part of a larger research project assessing knowledge of climate change impacts and adaptive measures among Indigenous
Peoples and local communities (Reyes-García et al. 2024b). Primary data were collected by an international network of scientists with social-
environmental research backgrounds. All participating researchers had either previously worked in their field site or planned a 12-month
research stay. For the ten field sites featured, six collaborating researchers conducted research within their respective countries. The research
protocol used in this project followed all ethical requirements of the European Research Council and was approved by the Ethics Committee of
the Universitat Autònoma de Barcelona (CEEAH 4781). An external and independent ethical advisor oversaw the implementation of ethical
procedures. Before data collection started, we obtained Free, Prior, and Informed Consents (FPIC) from community authorities,
representatives, and all participating individual informants and survey respondents (Reyes-García et al. 2023).

2.1. Study sites
Data from ten sites located in sub-Saharan Africa, Latin America, and Central Asia were used. These sites vary in climatic, geographic, and
socio-cultural conditions (Table 1). The sites cover tropical (four sites), arid (three sites), and temperate climate zones (three sites).
Geographically, six sites are in lowlands, one in mid-mountains, and three in high mountains. The predominant livelihoods in the study sites are
agropastoralism (four sites), agriculture (four sites), pastoralism (one site), and fishery (one site).
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Table 1
Site characterisation including socio-economic, climatic, and geographic features, along with sample details

Group Site name Country Main livelihood Climate Topography* Vegetation Sample
Households

Sample
Individuals

Bassari Bassari
Country

Senegal Agriculture Tropical

(Aw)

Low land Savanna 138 177

Betsimisaraka Vavatenina
District

Madagascar Agriculture Tropical

(Af)

Low land Rainforest 37 40

Daasanach Ileret Ward Kenya Agropastoralism Arid

(BWh)

Low land Savanna 162 255

Dagomba Kumbungu
District

Ghana Agriculture Tropical

(Aw)

Low land Savanna 116 175

Farmers Chiredzi
District

Zimbabwe Agriculture Arid

(BSh)

Low land Savanna 120 145

Kolla-
Atacameños

Puna Argentina Pastoralism Arid

(Bwk)

High
mountains

Grass- &
shrubland

114 151

Mam Western
Highlands

Guatemala Agropastoralism Temperate

(Cwb)

High
mountains

Coniferous
forest

63 63

Mapuche Lonquimay Chile Agropastoralism Temperate
(Cfb)

Mid-
mountains

Mixed
forest

74 75

Ribeirinhos Juruá
River

Brazil Fishing Tropical

(Af)

Low land Rainforest 98 127

Tibetans Shangri-la
County

China Agropastoralism Temperate

(Cwb)

High
mountains

Coniferous
forest

123 141

Total 1,045 1,349

* Note: low land: <1.000 metres above sea level (masl), mid-mountains: 1.000-2.500 masl, high mountains: >2.500 masl

HERE Table 1

2.2. Data collection
Primary data collection followed a standardised protocol intended for cross-site comparison (Reyes-García et al. 2023). In each field site, data
collection took place in 3–8 villages with relatively homogeneous environmental and socio-cultural conditions. It comprised a two-step mixed-
method approach, including semi-structured interviews and focus group discussions to collect qualitative data, followed by household and
individual surveys to collect quantitative data. Insights from the semi-structured interviews and focus group discussions informed the survey
design.

2.2.1. Semi-structured interviews and focus group discussions
Our sampling protocol for the semi-structured interviews and focus group discussions targeted community members with a long-standing
connection to the area, specifically adults who grew up in the community and have not spent significant periods of time elsewhere.
Participants were selected through convenience quota sampling to ensure a balanced representation across age groups, gender1, and main
livelihood activities.

Semi-structured interviews were used to assess local climate change impacts and respective adaptive responses locally implemented.
Information saturation was normally achieved after 20–30 interviews. Interviews focused on changes observed in the local environment
between the time when informants were young adults and the time of the interview. Reported changes that informants related to climatic
drivers were categorised as ‘local indicators of climate change impacts’ according to the classification system developed by Reyes-García et
al. (2019). For example, the observations ‘Summers are now warmer’ and ‘Temperatures during the dry seasons are now higher’ were both
coded into the indicator ‘Changes in the mean temperature in a given season’. For each local indicator of climate change impacts, informants
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were asked about adaptive responses locally implemented (hereafter referred to as ‘local adaptive measures’). We specifically focused on
adaptive measures adopted by households and not by external agents, such as NGOs or governments. To allow for cross-site comparison,
local adaptive measures were categorised into groups, following the classification system proposed by Schlingmann et al. (2021) (Fig. SI1).
For example, the reported site-specific local adaptive measures ‘Planting new crops’, ‘Diversifying crops’, and ‘Shifting to maize cultivation’
were all coded into the adaptation category ‘Changes in composition’ of agricultural products. Similarly, collaborative activities such as
‘Community-based fire brigades’, ‘Local farmers organisations’, or ‘Seed sharing networks’ were coded under the category ‘Social networks &
relations’.

In each site, we organised focus group discussions to assess the level of group consensus for controversial climate-related observations.
Participation varied from four to 18 participants in a focus group. We considered a climate-related observation as controversial if i) less than
three informants reported the observation in semi-structured interviews, ii) there were disagreements regarding the existence or the direction
of the reported observation, or iii) it was not clear that the observed change was driven by climatic factors. As a result of the semi-structured
interviews and focus group discussions, we obtained a site-specific and group-validated list of reported local indicators of climate change
impacts and local adaptive measures.

2.2.2. Household and individual survey
A survey was used to collect data on individually experienced climate change impacts, household implementation rates of local adaptive
measures (hereafter referred to as ‘adaptation implementation rate’), perceived adaptation constraints, and individual and household socio-
economic characteristics. We applied random sampling to select households and convenience sampling to select individuals within a
household, aiming for gender and age balance in the selection of individuals. For the individual survey, we only targeted the male and/or the
female household heads, recognised as the household representatives with authority, whether through formal or informal means. Our total
sample includes 1,045 households and 1,349 individuals, as in some households two individuals were interviewed. In addition to socio-
economic information (i.e., age, gender, livelihoods, and access to different types of capitals), the survey included questions on climate change
impacts observed by the person interviewed and questions on adaptive measures implemented by the household. Specifically, from the site-
specific and group-validated lists, we randomly selected 15 local indicators of climate change impacts and ten local adaptive measures to be
included in the survey. For each of the 15 local indicators of climate change impacts, we asked household heads if they had observed the
specific change and, if so, how this change had impacted their lives and livelihoods. We distinguished between two observation levels: 0 (‘Not
observed’) and 1 (‘Observed’) and three levels of experienced severity: 0 (‘Does not affect me at all’), 0.5 (‘Affects me a little’), and 1 (‘Affects
me a lot’). Similarly, we asked whether the household had implemented any of the ten randomly selected local adaptive measures by
distinguishing between 0 (‘Not implemented’) and 1 (‘Implemented’). For each local adaptive measure that a household had not implemented,
we asked for the reasons why they had not done so (i.e., reported adaptation constraints). Through this question, we obtained people’s
qualitative narratives on context-specific adaptation constraints (i.e., specific to the respective site and local adaptive measure).

2.3. Data transformation

2.3.1. Defining climate change impact and adaptation indices
To analyse how people’s experiences with climate change impacts influence the implementation of adaptive measures, we developed two
indices: 1) the individual Climate Change Impact index (CCIidx) and 2) the household Climate Change Adaptation index (CCAidx).

The individual Climate Change Impact index (CCIidx) captures the level of experienced climate change impacts according to the household
heads’ appraisals. For each person interviewed, an iCCIidx was created by multiplying the numeric value of their reported observations of the 15
local indicators of climate change impacts by the numeric value of the experienced severity of each impact. The total sum across all indicators
was then standardised (z-score) for cross-site comparison using equations (1) and (2).

(1) , , 

(2) 

where Ok is the observation of the climate change impact k (0 – ‘Not observed’, 1 – ‘Observed’) and Sk is the severity level reported for the
climate change impact k (0 – ‘Does not affect me at all’, 0.5 – ‘Affects me a little’, 1 – ‘Affects me a lot’).

Individuals with an above-average CCIidx (> 0) were classified as majorly impacted (MI), while those with an average or below-average CCIidx (≤ 
0) were considered minorly impacted (mI).

iCCIidx =
∑ 15

k=1(Ok∙ Sk)

15
Ok ∈ {0,1} Sk ∈ {0,0.5,1}

CCIidx =
iCC Iidx −

¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯
iCCIidx

σ iCCIidx
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The household Climate Change Adaptation index (CCAidx) describes the household's adaptation implementation rate. The CCAidx was created
by transforming the sum of all local adaptive measures implemented by a household (hCCAidx) into standard z-scores using equations (3) and
(4).

(3) , 

(4)  ,

where Ak is the implementation of the local adaptive measure k (0 – ‘Not implemented’, 1 – ‘Implemented’).

Households with an above-average CCAidx (> 0) were labelled as (major) adapters (MA), while those with an average or below-average CCAidx

(≤ 0) were termed minor adapters (mA).

For each interviewed household head, we assigned the respective CCIidx and CCAidx, resulting in a total of four climate change impact -
adaptation (CCIidx - CCAidx) groups: 1) majorly impacted adapters (MI-MA); 2) majorly impacted minor adapters (MI-mA); 3) minorly impacted
adapters (mI-MA); and 4) minorly impacted minor adapters (mI-mA).

2.3.2. Classifying adaptation constraints
We classified perceived adaptation constraints reported by survey respondents into four main categories, which were further divided into 14
sub-categories (Fig. 1).

HERE FIG. 1

Low adaptation need appraisal (low climate change risk and impact appraisal) includes responses that reflect people’s assessments of low
adaptation needs, including their low perception of and belief in climate change occurrence and damage potential (Grothmann and Patt 2005);

Low adaptation efficacy appraisal includes responses that reflect people’s limited belief in the effectiveness or efficiency of local adaptive
measures (Grothmann and Patt 2005);

Low self-efficacy appraisal regarding access to capitals includes responses that reflect people’s perception of their low ability to carry out
specific local adaptive measures due to limited access to different types of capitals (Grothmann and Patt 2005; Morse and McNamara 2013;
Klein et al. 2014);

Low self-efficacy appraisal regarding other trade-offs and inconveniences includes responses that reflect people’s perception of their low
ability to carry out specific local adaptive measures because of trade-offs or inconveniences other than access to capitals (Grothmann & Patt,
2005).

2.3.3. Defining socio-economic individual and household indices
To assess potential relationships between socio-economic characteristics, climate change impact experience, and adaptation implementation
rates across sites, four composite indices were developed, all with values ranging from 0 to 1 (Table 2).

hCCAidx =
∑ 10

k=1
Ak

10
Ak ∈ {0,1}

CCAidx =
hCCAidx −

¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯̄¯
hCCAidx

σ hCCA
idx
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Table 2
Description of the socio-economic indices included in the study

Indices Description Values

Individual

Age Age of household head, in years Numeric

Human
capital

The Individual Human Capital index is
defined as the average of two ordinal
variables capturing 1) schooling and 2)
language knowledge of the household
head.

Numeric [0–1] with:

1) Schooling: 0 ('No schooling'), 0.25 ('Primary school’), 0.5 ('Middle
school'), 0.75 ('High school'), and 1 ('Beyond high school');

2) Second language knowledge: 0 (‘No'), 0.5 ('A little'), and 1 (‘Fluent’).

Household

Social capital The Household Social Capital index is the
mean value across three ordinal variables
measured at the household level: 1)
participation of household members in
collective activities and organised groups,
2) access to NGO support, and 3) the
number of adult family members living
outside the community

Numeric [0–1] with:

1) Participation in collective activities and organised groups: 0 (‘Rarely
participating’), 0.5 (‘Sometimes participating’) and 1 (‘Often participating’);

2) NGO support: 0 (‘No’) and 1 (‘Yes’);

3) Number of adult family members living outside the community divided
by the site’s maximum value.

Asset
ownership

The Household Asset Ownership index
captures ownership of physical assets with
market values.

Numeric [0–1] with:

Asset ownership: Sum over the quantity of a set of ten physical assets
owned by a household and multiplied by their respective local economic
value in US dollars. Values are log-scaled and rescaled to values between
0 and 1.

Food and
freshwater
sovereignty

The Household Food and Freshwater
Sovereignty index is the mean value of
three ordinal variables capturing
households’ food and freshwater
sovereignty: 1) quality, 2) quantity, and 3)
preferences.

Numeric [0–1] with:

1) Food/Freshwater quality: 0 (‘Quality was often not good’), 0.5 (‘Quality
was sometimes not good’), and 1 (‘Quality was usually good’);

2) Food/Freshwater quantity : 0 (‘Often we did not have enough’), 0.5
(‘Sometimes we did not have enough’), and 1 (‘We always had enough’);

3) Food/Freshwater preference: 0 (‘I rarely/never had access to my
preferred water sources’, ‘I rarely/never could eat the foods I like to eat’),
0.33 (‘I mostly did not have access to my preferred water sources, but
sometimes I did’, ‘I mostly ate foods I do not prefer, but sometimes I could
eat the foods I like’), 0.66 (‘I mostly had access to my preferred water
sources, but not always’, ‘I mostly ate the foods I like, but sometimes had
to eat something else’), and 1 (‘I always had access to my preferred water
sources’, ‘I always ate the foods I like to eat’).

HERE Table 2

The Individual human capital index captures the level of schooling and language fluency, beyond the local language, of household heads.

The Household Social Capital index captures participation of household members in collective activities and organised groups but also access
to NGO support and the number of adult family members living outside the community.

The Household Asset Ownership index captures ownership of physical assets with market values. Specifically, it is the sum over the quantity of
a set of ten physical assets owned by a household and multiplied by their respective local economic value in US dollars.

The Household Food and Freshwater Sovereignty index captures households' access and use of sufficient, high-quality, and preferred food and
freshwater sources, thereby comprising three aspects of sovereignty: quality, quantity, and preferences. For each household, we determine the
mean value across the three categories for food and freshwater.

2.4. Data analysis
To test for significant correlation between the individual climate change impact appraisal level (CCIidx) and the household adaptation

implementation rate (CCAidx), we applied Kendall’s rank correlation coefficient (Kendall 1938). Then, non-parametric statistical analyses were
used to assess socio-economic differences between the two climate change impact groups (i.e., majorly impacted vs. minorly impacted), the
two adaptation groups (i.e., (major) adapters vs. minor adapters), and across the four climate change impact - adaptation groups. Non-
parametric Wilcoxon sum rank tests were used for comparing the statistical significance of differences between two groups, i.e., between the
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two impact groups and -separately- between the two adaptation groups (Wilcoxon et al. 1970). Non-parametric Kruskal-Wallis tests were
employed for comparison across the four climate change impact - adaptation groups (Kruskal and Wallis 1952). Post-hoc procedures after the
Kruskal-Wallis test involved the Dunn tests with adjusted p-values based on the Bonferroni method (Dunn 1964).

Data were analysed and visualised using R, version 4.1.2 (R Core Team 2021), and R Studio, version 2021.9.0.351 (RStudio Team 2021).
Specifically, we used the cor.test function, the wilcox.test function, and the kruskal.test function of the stats package, version 4.1.2, and the
dunn.test function of the dunn.test package, version 1.3.5 (Dunn 1964; Hollander et al. 2015; R Core Team 2021).

3. Results

3.1. Sample description
Survey respondents showed a balanced gender distribution (53% women). The average age of respondents was 46 years. Among the socio-
economic individual and household indices, the Household Food and Freshwater Sovereignty index had the highest mean value (0.72),
indicating that respondents generally confirm access to sufficient, high-quality, and preferred food and water sources. We found the lowest
value and highest standard deviation for the Household Social Capital index, showing high discrepancies in the degree of social organisation
with a tendency towards limited interaction among community members and/or with external agents (Table 3).

Table 3
Descriptive statistics of socio-economic variables included in the analysis

Indices Description Mean Standard
deviation

Individual (n = 1,349)

Age Age of household head, in years 46 16

Human capital [0–1]* The human capital of the household head, including schooling and language
knowledge

0.48 0.18

Household (n = 1,045)

Social capital [0–1]* Household social capital index, including participation in group activities, support
by NGOs, and relatives outside the community [0–1]

0.37 0.25

Asset ownership Household asset ownership index [0–1] 0.45 0.21

Food and freshwater
sovereignty [0–1]*

A measure for a household’s quantity, quality, access control and preferences of
food and freshwater [0–1]

0.72 0.20

* With: 0 (‘No access to capital’) and 1 (‘Full access to capital’)

HERE Table 3

On average, respondents observed 11 of the 15 local indicators of climate change impacts included in the survey. Across all sites, 18% of the
respondents reported observing all the 15 local indicators of climate change impacts, while only 6% observed five or fewer. In most cases,
respondents felt affected by climate change impacts in some way: in 45% of the answers, respondents reported feeling strongly affected by a
specific climate change impact and in 15%, feeling somewhat affected. In 11% of the answers, respondents reported not feeling affected, and
in 29%, they reported that they had not observed the specific indicator of change.

Despite the generally high observation rate of local indicators of climate change impacts, the adaptation implementation rate of households
was considerably low. On average, households had implemented five of the ten local adaptive measures included in the survey. Less than 1%
have implemented all ten local adaptive measures included in the survey.

3.2. Climate change impact appraisal and adaptation implementation
In examining the interplay between the Climate Change Impact (CCIidx) and the Climate Change Adaptation (CCAidx) indices, we observe a

similar number of respondents falling into the four climate change impact - adaptation groups. Majorly impacted adapters (MI-MA) is the
largest group, with 33% of the respondents (n = 443), followed by minorly impacted minor adapters (mI-mA), which include 27% of the
respondents (n = 366). About 20% of respondents fall into the group of minorly impacted adapters (mI-MA) (n = 276) and into majorly impacted
minor adapters (MI-mA) (n = 264), respectively. The results of the rank correlation indicate a positive and statistically significant but weak
correlation between the CCAidx and the CCIidx indices (Kendall’s tau = 0.161, p = 2.2*10–16).

3.3. Reported context-specific adaptation constraints
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An examination of the frequencies of implemented local adaptive measures shows disparities across sites and for different local adaptive
measures, resulting from different adaptation needs and constraints (Fig. SI2).

Across sites, in 28% of the responses, survey respondents refer to the lack of need to adapt to a specific climate change impact because they
feel not impacted by climate change. For example, Daasanach households in Ileret Ward (Kenya) feel differently affected by climate change
impacts, depending on the household’s main livelihood activity (i.e., agriculture, pastoralism or fishing). Similarly, the location of housings,
especially the distances of houses to the river, defines whether Ribeirinhos in the Juruá River region (Brazil) feel directly exposed to and
therefore threatened by increasing flooding events or not. In 15% of the answers, respondents evaluated an adaptive measure as little effective
or even risky or expressed preferences for an alternative adaptive strategy (low adaptation efficacy). In another 13% of the answers,
respondents referred to behavioural constraints such as habits, customs, and personal preferences that prevent them from adopting unfamiliar
adaptive measures such as switching to new livelihood activities or changing diets. Other frequently reported constraints include limited
access to different types of capital, especially natural (11%), financial (9%), and human capitals (7%).

The significant diversity of adaptation constraints within and across sites becomes apparent when comparing the reported constraints for
local adaptive measures within the same adaptation category. For example, reported adaptation constraints for local adaptive measures
related to social networks and relations have little in common across sites (Fig. 2a). For instance, Daasanach households generally lack
access to seed (natural capital) to participate in seed exchange networks, whereas Mapuche agropastoralists in Lonquimay (Chile) often lack
information (human capital) required to participate in community-based fire brigades, and Mam agropastoralists in the Western Highlands
(Guatemala) are often constrained by limited time, making it difficult for them to engage in social groups. Similar deviations between sites
exist for reported adaptation constraints in reforestation/afforestation efforts, with ‘lack of information’ being a frequently reported constraint
by Mapuche, ‘lack of time’ being a major constraint reported by Dagomba farmers in Kumbungu District (Ghana), and ‘lack of adaptation need’
being reported by local farmers in Chiredzi District (Zimbabwe) (Fig. 2b). Two exceptions reveal similarities across sites in reported adaptation
constraints. ‘Lack of access to water’ (natural capital) is a common constraint to adopting irrigation practices for both Kolla-Atacameños in the
Puna region (Argentina) and local farmers in Chiredzi District (Fig. 2c) and ‘lack of access to (fertile) land’ (natural capital) is frequently cited
by Mam and Daasanach agropastoralists as a constraint for changes in crop composition (Fig. 2d).

HERE FIG. 2

Across sites, respondents reported as much as 5.6 (SD = ± 1.5) adaptation constraints per local adaptive measure. Specifically, for Kolla-
Atacameños in the Puna (Argentina), Tibetans in Shangri-la County (China), Betsimisaraka in Vavatenina District (Madagascar), Bassari in
Bassari Country (Senegal), and local farmers in Chiredzi District (Zimbabwe), the reported reasons for not implementing local adaptive
measures are so varied that we could not identify any general patterns regarding site-specific adaptation determinants (Fig. 3a-e).

HERE FIG. 3

Although the diversity of reasons explaining the lack of implementation of local adaptive measures is high in all the sites, in a few there are
some recurrent reasons. For example, in Kumbungu District (Ghana), 55% of the answers provided by Dagomba farmers refer to economic
factors that impede households from implementing adaptive measures. Frequent responses are that the lack of job opportunities prevents
households from complementing main livelihood activities with off-farm work, while insufficient financial resources hinder adaptation efforts
such as rainwater harvesting and modifying buildings to cope with warmer temperatures (Fig. 3f).

For Daasanach agropastoralists in Ileret Ward (Kenya), low adaptation implementation frequently refers to perceived low adaptation needs,
which correspond to the primary livelihood practised by each household, cited in 39% of the responses (Fig. 3g). Specifically, the importance of
farming, livestock rearing, or fishing for each household influences how households experience climate change impacts (i.e., climate change
sensitivities) and, consequently, the need to adopt local adaptive measures tailored to agricultural or fishing activities. Additionally, 37% of the
responses from Daasanach agropastoralists relate to behavioural constraints, such as entrenched habits and customs. For example,
traditional customs and social taboos prevent Daasanach from switching to new activities, such as fishing or camel rearing, or from relying on
external information. For instance, fishing has traditionally been considered by the Daasanach as a subsistence activity associated with a low
social status and fit only for ‘poor people with no livestock’. Similarly, many Daasanach households are hesitant to modify their diets by
adopting unfamiliar food products during food-scarce periods such as droughts.

Similarly, Ribeirinhos fishers in the Juruá River region (Brazil) frequently cite low experienced impacts, leading to a perceived low need for local
adaptive measures (31%) or behavioural constraints (27%), especially habits and customs, as reasons for not implementing adaptive
measures (Fig. 3h). Common responses from this site include expressing that there is no need for local adaptive measures and continuing
activities as they have always been.

In the Western Highlands of Guatemala, 28% of responses from Mam agropastoralists refer to limited access to natural capital, such as lack of
access to farmland and limited available water for irrigation, as major constraints to implement adaptive measures (Fig. 3i). Limited access to
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natural capital is a frequently reported constraint for adopting local adaptive measures such as forest preservation, fruit tree planting, crop
cultivation during the dry season, use of greenhouses, cultivation of new crops, and crop diversification in general.

In Lonquimay (Chile), 21% of responses from Mapuche agropastoralists refer to the lack of human capital, especially access to information, as
a factor that hinders the adoption of several local adaptive measures, such as protecting water sources, working in the tourism sector, and
participating in community-organised reforestation and fire protection activities (Fig. 3j).

3.4. Relationships between socio-economic factors, experienced climate change
impacts, and adaptation
Comparing socio-economic characteristics between the majorly impacted (MI) and the minorly impacted (mI) groups, as well as between the
(major) adapters (MA) and the minor adapters (mA), and across the four climate change impact - adaptation groups reveals significant
differences. Specifically, differences across groups were observed in age, human capital, asset ownership, social capital, and food and
freshwater sovereignty (Table 4 and Fig. SI3).

Table 4
Parameter estimates of the analysis of variance according to the non-parametric Wilcoxon rank-sum test, Kruskal-Wallis test, and Dunn tests.

Significance levels are indicated at 5% (*), 1% (**) and 0.1% (***) probability levels
Response
variables

Wilcoxon rank-sum
test

Kruskal-
Wallis test

Dunn test

MI-mI MA-ma all groups MI-
MA/MI-
mA1.1)

MI-
MA/mI-
MA1.2)

MI-
MA/mI-
mA1.3)

MI-
mA/mI-
MA1.4)

MI-
mA/mI-
mA1.5)

mI-
MA/mI-
mA1.6)

Coef. (W) Coef.
(W)

Coef (Chi²) Coef. (z) Coef. (z) Coef. (z) Coef. (z) Coef. (z) Coef. (z)

Individual

Age 255070*** 233654 16.941*** -0.227 -2.830* -3.397** -2.315 -2.755* -0.294

Human capital 225823 240752* 7.243 - - - - - -

Household

Asset
ownership

200692*** 231066 25.774*** -3.344** 0.501 2.034 3.467** 4.997*** 1.322

Social capital 223694 247603** 10.612* -2.818* 0.187 -1.568 2.712* 1.342 -1.569

Food &
freshwater
sovereignty

200588*** 240702* 28.261*** -4.165*** 0.918 0.713 4.575*** 4.625*** -0.249

1.1) Comparison between majorly impacted adapters (MI-MA) and majorly impacted minor adapters (MI-mA);

1.2) Comparison between majorly impacted adapters (MI-MA) and minorly impacted adapters (mI-MA);

1.3) Comparison between majorly impacted adapters (MI-MA) and minorly impacted minor adapters (mI-mA);

1.4) Comparison between majorly impacted minor adapters (MI-mA) and minorly impacted adapters (mI-MA);

1.5) Comparison between majorly impacted minor adapters (MI-mA) and minorly impacted minor adapters (mI-mA);

1.6) Comparison between minorly impacted adapters (mI-MA) and minorly impacted minor adapters (mI-mA)

HERE Table 4

First, the two groups differently affected by climate change significantly differ regarding age, asset ownership, and food and freshwater
sovereignty. Specifically, individuals in the majorly impacted (MI) group were generally older, owned fewer assets, and had less access to
sufficient and preferred food and freshwater sources than individuals in the minorly impacted (mI) group. Second, households falling into the
two adaptation groups significantly differ in their human and social capital and in their food and freshwater sovereignty. In particular,
households in the group of minor adapters (mA) show significantly lower access to human and social capital and to sufficient and preferred
food and freshwater sources compared to households in the group of (major) adapters (MA). Third, the four climate change impact -
adaptation groups significantly differ in age, asset ownership, social capital, and food and freshwater sovereignty. Households in the group of
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majorly impacted minor adapters (MI-mA) have significantly fewer assets, lower social capital, and lower access to sufficient and preferred
food and freshwater sources than households in the group of majorly impacted adapters (MI-MA). Additionally, households in the group of
majorly impacted minor adapters (MI-mA) also had significantly fewer assets, lower social capital, and less access to sufficient and preferred
food and freshwater sources than households in the group of minorly impacted adapters (mI-MA).

4. Discussion
This study adopts a multi-site comparative approach to assess commonalities and context-specific peculiarities of adaptation determinants
among Indigenous Peoples and local communities. We found highly diverse and context-specific adaptation constraints, but also common
patterns of association between socio-economic factors, experienced climate change impacts, and the implementation of local adaptive
measures.

Before discussing our results, we acknowledge the limitations and caveats of the work presented, from which we derive recommendations for
future research. First, while this study detects common patterns of adaptation determinants across sites, it does not assess in detail how local
adaptation constraints and opportunities link to, or arise from, the broader socio-economic and political contexts they are embedded in, a topic
addressed in other studies (Porcuna-Ferrer et al. 2024a). A deeper understanding of such cross-level interrelations could improve the
identification of structural vs. local adaptation determinants, thereby supporting the development of transformative solutions (Ribot 2014;
Vallury et al. 2022). Second, this study does not assess adaptation efficacy nor people’s satisfaction with local adaptive measures. Such
information is often neglected in current research but would improve prioritisation processes in adaptation planning by complementing
feasibility with efficacy (Adger et al. 2005; Dilling et al. 2019; Singh et al. 2020, 2022; Berrang-Ford et al. 2021). Third, our study lacks a
systematic assessment of the role of cultural and behavioural factors (i.e., customs and habits) for risk perception and adaptation across
sites. While the study offers meaningful insights on how to systematically assess climate change impact appraisal levels, adaptation
implementation rates, and households’ access to different types of capitals, the development of a systematic approach for cultural and
behavioural aspects would enrich the analysis of common patterns of adaptation determinants across sites.

4.1. The association between climate change impact appraisal and adaptation
implementation is positive but weak
Our first important finding is that there is a significant, positive, but weak association between people’s climate change impact appraisal levels
and households’ adaptation implementation rates, suggesting that a household’s adaptation implementation rate is shaped by other factors
beyond the climate change impact appraisal level of the household head(s). This finding dovetails with previous studies that emphasise the
importance of climate change experience and risk awareness as drivers for adaptation motivation, as well as with studies emphasising the
relevance of (perceived) adaptation constraints in explaining the difference between adaptation motivation and action (Adger et al. 2009; Van
Valkengoed and Steg 2019; Van Valkengoed et al. 2023).

We also found evidence that local adaptive measures are not only adopted when climate change impact appraisal levels are high. A
considerable number of households display a high adaptation implementation rate, despite their low climate change impact appraisal level. We
can think of three possible explanations. First, a sampling mismatch may explain the high share of households in the group of minorly
impacted adapters. We assessed experienced climate change impacts at the individual level but adaptation implementation at the household
level. This mismatch might have led to a lack of correspondence between the reported severity levels of experienced climate change impacts
and a household’s adaptation implementation rate, particularly for households where adaptive decision-making is not in the hands of the
interviewed household head (Niemann et al. 2024). Second, the implementation of local adaptive measures normally occurs in a broad socio-
environmental context, so many adaptive measures might respond to pressures other than climate change, such as socio-economic,
demographic, and cultural changes, as for example, market integration (Ensor et al. 2019; Porcuna-Ferrer et al. 2024b). Third, it might also be
that adaptive measures were implemented preventively (i.e., proactively) and/or that their implementation had already reduced experienced
climate change impacts.

In addition, we found that high climate change impact appraisal levels do not always lead to higher adaptation levels, as reflected in a non-
negligible number of households that implement few adaptive measures despite feeling strongly impacted by climate change. Previous
research suggests that Indigenous Peoples and local communities are aware of ongoing climatic changes and experienced impacts (Savo et
al. 2016, 2017; Reyes-García et al. 2024a), although research also highlights that these impacts are often experienced in a context of multiple
stressors (McDowell and Hess 2012; Nyantakyi-Frimpong and Bezner-Kerr 2015). Consequently, many communities are hindered in the
adoption of local adaptive measures by constraining factors at various scales and levels, which often reinforce one another (e.g., Fayazi et al.
(2020); McNamara et al. (2017)). In line with previous studies (Van Valkengoed and Steg 2019), our findings provide nuances to the somehow
simplified assumption that fostering climate change awareness would result in increased adaptation action (McNamara 2013; Burnham and
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Ma 2017; Antwi-Agyei et al. 2021). Rather, our results support the idea that increasing awareness is unlikely to lead to the implementation of
local adaptive measures on its own, unless existing adaptation constraints are identified, addressed and overcome (Thomas et al. 2021).

4.2. Reported adaptation constraints are diverse and context-specific
Addressing adaptation constraints can be challenging, as suggested by the results of this study underscoring that adaptation constraints are
highly diverse, complex, subjective, and often context-specific (Biesbroek et al. 2013; Eisenack et al. 2014). In this sense, our results show that
the implementation of adaptive measures is not only restricted by access to different types of capitals, but they also highlight the important
role of personal habits, often linked to cultural and traditional bonds, in motivating or hindering adaptation action (Adger et al. 2009, 2013). As
in the case of Daasanach in Ileret Ward (Kenya) and of Ribeirinhos in the Juruá River region (Brazil), reported adaptation constraints reveal the
importance of habits and customs in adaptation decision-making, linked to traditional diets and livelihood activities. A similar finding was
reported in a study on successful community-based adaptation in which Piggott-McKellar et al. (2019) found that reluctance to implement
unknown technologies and resistance to development projects that contrasted community cultural and religious values were among the most
frequently reported constraints. Understanding the complexity of climate change adaptation is the first step towards acknowledging the need
for diverse, plural, and interdisciplinary solution approaches (Schipper et al. 2021).

4.3. Low adaptation rates, despite high climate change impact appraisals, are associated with limited access to capitals

Our third finding reveals common patterns across sites, despite context-specific differences. Specifically, we found that above-average levels
of climate change impact appraisal and below-average rates of adaptation implementation are associated with lower access to certain
capitals (i.e., asset ownership, social capital) and lower food and freshwater sovereignty. In contrast, below-average climate change impact
experience and above-average adaptation implementation rates are associated with higher access to such capitals. The finding could be
interpreted as low access to different types of capitals might (directly or indirectly) act as an adaptation constraint, whereas high access to
multiple capitals presents an adaptation opportunity.

These results align well with other studies that emphasise the importance of access to physical and financial capitals for climate change
adaptation (Deressa et al. 2009; Williams et al. 2021). The relationship between access to social capital and adaptation implementation is also
consistent with previous research findings (Adger 2003; McNamara and Buggy 2017). Indeed, many traditional practices and adaptive
measures based on Indigenous and local knowledge, such as agrobiodiversity, build on social ties between family and community members
(Labeyrie et al. 2021; Fenzi et al. 2022; Galappaththi and Schlingmann 2023). Due to their potential to promote organisation and learning and to
compensate for the lack of other capitals, in some contexts exchange, sharing, reciprocity, social ties, and networks may be more relevant for
adaptation than direct access to financial assets (Barnes et al. 2020). Relationships with external actors, such as extension services and
NGOs, may have positive effects and support the implementation of local adaptive measures (Khanal et al. 2018). However, research also
shows that external support and interventions can also carry the risk of maladaptive outcomes by reinforcing, redistributing, or creating new
sources of vulnerability (Eriksen et al. 2021). For example, the introduction and promotion of high-yielding, marketable but water-demanding
crops by agricultural extension services and NGOs in south-eastern Senegal has led to new vulnerabilities in an increasingly water-scarce
environment (Porcuna-Ferrer et al. 2024a). Findings of this study also show that households with higher levels of climate change impact
appraisals and lower adaptation implementation rates also experience significantly lower access to sufficient and preferred food and
freshwater. These results suggest that increased climate change impacts and limited adaptive capacities directly threaten existential common
goods (Kirchhoff et al. 2016; Sam et al. 2019).

Our findings on socio-economic patterns relate to the understanding of climate change risks and impacts not as an outcome of climatic
stressors alone but as a process derived from or entangled within the context of existing political, institutional and socio-economic structures
at various scales (O’Brien et al. 2007). In other words, our results highlight how climate change impacts intersect with multiple forms of
inequities and vulnerabilities (Otto et al. 2017). In this sense, imbalanced power dynamics at international and national levels reinforce
inequities at the local level by determining access to crucial resources, such as different types of capitals as well as food and freshwater
resources, thereby defining who has the lowest capacities to reduce adverse climate change impacts through adaptation and who is most
affected by them (Lahsen and Ribot 2022). Therefore, it is crucial to detect which constraints arise from local conditions and which are
embedded in a broader context (Ribot 2014). This suggests that adaptation can only be successful when planned in a broader political and
socio-economic context and based on sustainability and justice criteria targeting the reduction of structural inequities at all scales (Bhatasara
and Nyamwanza 2018; Fuso Nerini et al. 2019).

5. Conclusion
Results from our work exploring common and context-specific adaptation constraints and opportunities among ten Indigenous Peoples and
local communities across three continents show how experienced climate change impacts, adaptation opportunities, and constraints are
inextricably linked with underlying social issues that shape inequities across scales.
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Our work makes important contributions to two aspects of adaptation planning. First, the identification of adaptation constraints and
opportunities could facilitate decision-making during planning and preparation because it helps to prioritise feasible adaptation options over
those that are more challenging or ‘costly’ because of their numerous and/or diverse adaptation constraints. Second, by assessing both
general and context-specific constraints, our findings provide clear indications of relevant impediments that need to be addressed urgently.
This is a crucial step for developing solution-oriented approaches that devise hands-on strategies for adaptation.

Based on these results, we offer three policy recommendations. First, there is no ‘one-size-fits-all’ approach to overcoming adaptation
constraints. Instead, efforts must employ diverse and holistic strategies that address context-specific and multiple constraints simultaneously.
Second, socio-economic inequities within and between communities play a critical role in the successful implementation of local adaptive
measures. Therefore, attention should be given to the heterogeneous patterns of vulnerability (i.e., experienced climate change impacts and
adaptive capacities), with a priority placed on reducing existing inequities within and between communities. Third, adaptation constraints arise
from different contexts at various levels. Addressing these constraints necessitates close coordination and secure information flows between
communities and policy makers at various institutional levels, ensuring that adaptation constraints are addressed where they are most
effectively tackled - at the local level for some and at higher political levels for others to overcome structural vulnerability. These policy
recommendations highlight the urgent need to increase the representation of Indigenous Peoples and local communities in adaptation
planning, including regular consultation with different vulnerable groups within communities. This is essential not only to align adaptation
planning and implementation with local concerns, needs, and worldviews but also to identify and address the diverse and context-specific
constraints faced by different vulnerable groups.
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Footnotes
1. We identified informants as men or women according to the socio-cultural expression

of their gender. We acknowledge that our binary gender variable does not necessarily reflect the gender identities of our informants
(Cameron and Stinson 2019).
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