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Introduction: Climate change poses a significant threat to rural livelihoods 
in low- and middle-income countries. Enhancing the sustainability of these 
livelihoods is crucial for ensuring food security and nutrition at both global and 
regional levels. This study investigates the role of Climate Smart Agriculture (CSA) 
practices in improving rural livelihoods in Latin America, specifically through the 
Climate Smart Village (CSV) approach.

Methods: Our analysis involved a dataset of 267 households, comprising 
both adopters and non-adopters of CSA practices in CSVs across Guatemala, 
Honduras, and Colombia. We  employed multiple correspondence analysis 
(MCA), Gower’s metric, agglomerative clustering, partitioning around medoids 
(PAM), and cluster validation. Our aim was to understand how CSA practices, 
which include the use of agroclimatic information, soil and water management 
practices, and risk diversification strategies, contribute to enhancing livelihoods. 
We examined this in the context of the five capitals (social, natural, physical, 
financial, and human) of the Sustainable Livelihoods Framework (SLF).

Results: Our findings indicate that CSA farmers exhibit lower capital-based 
vulnerability compared to non-CSA farmers. This is particularly evident in the 
areas of social capital, as well as human and natural capital for certain CSA 
adopters. However, the similar performance in financial and physical capital 
between CSA and non-CSA farmers suggests the need for additional strategies 
to reduce vulnerability in these areas. We examined this through the Sustainable 
Livelihoods Framework (SLF), which includes five capitals: social, natural, 
physical, financial and human.

Conclusion: These findings offer a valuable framework for policy and decision-
making processes, helping to identify which capitals and dimensions of 
livelihood vulnerability should be  prioritized in different contexts to achieve 
climate resilience and sustainable development. The study advocates for 
continued research efforts, incorporating expanded indicators, such as gender 
indicators within social and human capital definitions, for a more comprehensive 
assessment of CSA’s impact. The application of SLF for analyzing CSA’s 
contribution to rural livelihoods represents a novel approach in Latin American 
studies.
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1 Introduction

Rural livelihoods dependent on agriculture face unprecedented 
challenges due to the growing impact of climate change on agricultural 
systems, particularly in low- and middle-income countries. 
Agriculture engages 14% of the total labor force and 55% of the rural 
labor force in the Latin America and Caribbean (LAC) region. Women 
make up 7.5% of the agricultural labor force of the region, including 
41% of rural workers. The implications of climate change for the 
region are profound (IICA, 2019). Simultaneously, the sector itself 
contributes substantially to global emissions, underscoring the urgent 
need for sustainable practices.

While smallholder farmers, particularly women, are pivotal in 
global food production, their vulnerability to environmental shifts 
cannot be understated (Doss, 2018; Ricciardi et al., 2018; Donatti 
et al., 2019). Therefore, the pursuit of sustainable livelihoods for these 
communities is critical not only for regional food security but also for 
global sustainability. Building on the concept of sustainability, which 
involves the ability to withstand shocks and maintain resources for 
future generations, the Climate-Smart Agriculture (CSA) approach 
presents a holistic development strategy. CSA strives to enhance the 
resilience and productivity of agricultural systems, ensure food 
security, and mitigate environmental pressures and greenhouse 
gas emissions.

Despite the growing body of literature on CSA and its role in 
enhancing agricultural resilience and productivity, a comprehensive 
exploration that integrates the Sustainable Livelihoods Framework 
(SLF) within the context of CSA remains an untapped area of research. 
By emphasizing the interplay between natural, physical, social, 
human, and financial capitals, the SLF provides a comprehensive lens 
to assess the impact of CSA on rural livelihoods.

This study aims to fill this gap by examining how CSA contributes 
to the sustainability of rural livelihoods in Latin America and the 
Caribbean, leveraging secondary field data from three distinct 
geographies. The paper not only adds to the existing evidence on the 
effectiveness of CSA at scale in reducing the vulnerability of 
agriculture-dependent households but also highlights the importance 
of adopting a dual framework approach bringing the SLF and the CSA 
approaches together for robust policy recommendations and 
investments. Furthermore, the study provides a unique comparative 
analysis of the implementation of the Climate-Smart Village (CSV) 
approach across different geographic locations, providing insights into 
the varying impacts of CSA practices on rural livelihoods. By 
exploring the changes in the diverse livelihood capitals resulting from 
the adoption of CSA practices, this study provides a nuanced 
understanding of the interconnected dynamics between climate-
resilient agriculture and sustainable livelihoods in the face of a 
changing climate landscape.

2 Climate-smart agriculture (CSA) and 
the sustainable livelihoods framework 
(SLF)

The impacts of climate change have placed significant strains on 
rural communities, leading to resource degradation, food shortages, 
and social inequalities (Gentle and Maraseni, 2012; Gitz et al., 2016; 
Ray et  al., 2019). These challenges have disrupted the delicate 

equilibrium of agriculture-based livelihoods, highlighting the 
vulnerability of rural communities to climate change (Lal et al., 2011; 
Singh et  al., 2021). Extensive research on climate variability and 
change in agriculture has unequivocally underscored the importance 
of climate-smart agriculture (CSA) as a crucial strategy to mitigate 
the adverse impacts of climate change on both food security and 
livelihoods, as emphasized by Manda et al. (2016). CSA refers to 
agricultural practices that aim to enhance productivity, resilience, 
and sustainability in the face of climate change challenges by 
integrating climate adaptation and mitigation strategies (Lipper et al., 
2014). CSA aims to secure food production while minimizing 
environmental impacts and strengthening the resilience of 
farming communities.

Lipper and Zilberman (2018) explore the evolution and key 
features of the CSA concept. Initially, the CSA concept aimed at 
meeting three main objectives: sustainably increasing food 
security, building resilience to climate change, and reducing 
greenhouse gas emissions. However, challenges arose due to the 
lack of a clear methodology, resulting in varied interpretations and 
controversy. Over time, a methodology emerged, emphasizing the 
need for evidence-based assessments, an enabling policy 
environment, and coordinated investments. The Climate Smart 
Agriculture sourcebook, released in 2013, defined CSA practices, 
highlighting resource use efficiency and resilience enhancement 
(FAO, 2013). Further refinement of the CSA methodology occurred 
through a consultative process, addressing controversies and 
emphasizing the broader spatial and temporal scales of CSA 
objectives. Recent developments include “country CSA profiles,” 
providing critical evaluations of ongoing practices, institutional 
support, and a methodology for assessing climate-smart agriculture 
at the country level. A key CSA goal is to improve rural livelihoods 
so that they are resilient to external shocks such as climate change. 
Such resilience can be  assessed through different dimensions 
embedded in livelihoods. The sustainable livelihoods framework 
has well-described the different assets or capitals embraced 
by livelihoods.

The sustainable livelihood capital approach is a conceptual 
framework used in the field of sustainable development and poverty 
reduction. Numerous authors in the development community have 
developed and evolved the approach through research and practice 
(Habib et al., 2023). It is used to understand and analyze the resources 
and assets that people and communities have at their disposal to 
improve their living conditions. The five main capitals considered in 
this approach are human, social, financial, physical, and natural; 
however, some authors have proposed adding more capitals to the 
approach. The analysis of how people and communities take 
advantage, strengthen, and generate synergies between these capitals 
helps to understand and generate the enabling conditions to improve 
the adaptation of each person or community to the specific conditions 
that surround them (Yin et al., 2020).

The CSA and sustainable livelihoods frameworks are 
complementary approaches for understanding and promoting 
adoption of practices to increase resilience to climate change. 
However, scientific literature that integrates both approaches is still 
limited. We found eight articles that analyzed CSA in relation to the 
concept of sustainable livelihoods or the SLF (Table 1). None of those 
had a focus in Latin America. This is the first study analyzing CSA 
contribution in the light of the SLF in Latin America.
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3 Materials and methods

The methodology employed in this study comprises three primary 
stages. Initially, we focused on data processing and variable selection, 
involving the identification of crucial variables for each livelihood 
capital, consolidation of mixed variables, and thorough cleansing of 
databases, including addressing missing data, outliers, and ensuring a 
single observation per household. Subsequently, we undertook farm-
type characterization using a combination of multiple correspondence 
analysis and cluster analysis. This step included the careful selection 
of the most appropriate clustering method to analyze both continuous 
and discrete variables, employing the multiple correspondence 
method, and ultimately generating distinct clusters. Finally, 
we formulated the Livelihood Vulnerability Index (LVI) by assessing 
the comprehensive vulnerability of the studied livelihoods.

3.1 Study area

The study was conducted in three Climate Smart Villages (CSV) 
in Latin-American: Cauca, Colombia; Olopa, Guatemala; and Santa 

Rita, Honduras. Despite their distinct agro-climatic and geographical 
features, these villages exhibit similar farm socioeconomics, climate 
vulnerability, and adaptation strategies. The study used 2020 
household survey data (Bonilla-Findji et al., 2020a,b,c). In brief, the 
CSV farming households are characterized by smallholder rainfed 
crop farming systems of staple crops, fruit trees and small livestock, 
with mostly a small-to-marginal farm size (Table 2). Furthermore, 
farming households from the three CSVs show similar adaptation 
strategies to climate change implemented through the climate smart 
village (CSV) approach framework of the Climate Change, Agriculture 
and Food Security (CCAFS) program (López et  al., 2020). The 
analogous nature of the catalogues of CSA practices adopted by these 
three CSVs allows us to compare the impact of CSA adoption on 
capital-based livelihood vulnerability, which is the main focus of the 
paper, by combining regional data from three different locations.

3.2 Data used

The data used in the study corresponds to three published datasets 
containing household survey information from the “Integrated 

TABLE 1  Collection of articles that analyzed CSA and sustainable livelihoods concept or framework.

Approach Aim Geographic focus Ref.

1 CSA

Explore climate-smart agriculture as a resilience-building tool to 

ensure sustainable agricultural practices to enhance sustainable 

livelihoods.

South Africa Mathews et al. (2018)

2 CSA
Evaluate project effects on farmers livelihoods through the 

implementation of CSA
Kenya Fuchs et al. (2019)

3 CSA
Understand the synergies and trade-offs of selected climate smart 

agriculture practices
Kenya Ogola and Ouko (2021)

4 CSA
Understand the sensitivity of sorghum crop to various stress events 

due to climate change
N/A

Chadalavada et al. 

(2021)

5
SLF combined with value 

chain approach

Assess the values and the contribution of frankincense to household 

economies
Ethiopia Berhanu et al. (2021)

6 CSA
Evaluate the role of climate-smart agriculture towards sustainable 

livelihoods
Zimbabwe

Muzorewa and 

Chitakira (2022)

7 CSA
Explore the synergies and trade-offs of climate-smart agriculture 

practices selected by smallholder farmers
Ethiopia Tilahun et al. (2023)

8 SLF
Assess the livelihood status and delineate livelihood assets determining 

climatic vulnerability of farm households and promotes CSA.
India Das et al. (2023)

TABLE 2  Distribution of farm sizes for households studied across the three Latin-American Climate-Smart Villages.

Latin-American 
CSVs

Number of 
households (%)

Farm size* (%) Women respondents 
(%)

Cauca, Colombia 71 (26.6) Large farms (2.8), Medium farms (31.0), Small farms (42.3), Marginal farms 

(23.9)

22.5

Olopa, Guatemala 89 (33.3) Large farms (0.0), Medium farms (1.1), Small farms (4.5), Marginal farms 

(94.4)

48.3

Santa Rita, Honduras 107 (40.1) Large farms (6.5), Medium farms (16.8), Small farms (23.4), Marginal farms 

(53.3)

20.6

Total 267 Large farms (3.4), Medium farms (15.4), Small farms (22.1), Marginal farms 

(59.2)

30.3

*Large farms (>4 ha), medium farms (2–4 ha), small farms (1–2 ha), and marginal farms (up to 1 ha). Source: Datasets (Bonilla-Findji et al., 2020a,b,c).
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Monitoring Framework for Climate-Smart Agriculture” from the 
CCAFS research project (Bonilla-Findji et  al., 2020a,b,c). The 
“Integrated Monitoring Framework for Climate-Smart Agriculture” 
was developed and used by CCAFS annually across the global network 
of Climate-Smart Villages to gather field-based evidence by tracking 
the progress on (i) adoption of CSA practices and technologies, as well 
as access to climate information services and (ii) their related impacts 
at household level (Bonilla-Findji et al., 2021).

The main objectives of the CSA monitoring framework are to (1) 
understand enabler and barriers for adoption of CSA technologies and 
practices; (2) understand gender-disaggregated perceived effects of 
CSA adoption, dis-adoption, control over resources and labour; and 
(3) understand CSA performance, synergies and trade-offs at the farm 
level. This framework introduces standardized descriptive indicators 
aimed at monitoring changes across various dimensions. These 
include five enabling dimensions that could influence adoption 
patterns, a core set of six indicators at the household level designed to 
evaluate the perceived impacts of CSA practices on aspects such as 
food Security, productivity, income, and climate vulnerability. 
Additionally, it incorporates four core indicators focusing on gender 
aspects, encompassing participation in decision-making, participation 
in implementation, access/control over resources, and work time. At 
the farm level, the framework includes seven core indicators to assess 
CSA performance, while also examining synergies and trade-offs 
among its three key pillars (Bonilla-Findji et al., 2021).

The final selection of monitoring household survey datasets from 
three Latin American countries were composed of 6 modules: (1) 
household demographics, (2) household agricultural activities, (3) 
exposure to climatic events, (4) access to weather and climatic 
information, (5) household food security and (6) adoption of CSA 
practices. From these modules within the CSV datasets, we selected 
the relevant information to construct the dataset for this study.1 The 
CSA practices analyzed are listed in Table 3, it is important to note that 
according to the concept of CSA, practices and technologies should 
be implemented as portfolios considering context-specificities and 
acknowledging that sets of practices could actually contribute to 
climate smartness.

3.3 Data processing and variable selection

After selecting the final datasets, we proceeded with data processing 
by identifying the questions of the survey which addressed an aspect of 
a livelihood capital, from which a set of 23 unique mixed variables were 
constructed (Table 3). Each variable, whether numeric or categorical, 
represented one relevant aspect of a livelihood capital. All 23 variables 
were constructed based on previously used capital-based livelihood 
vulnerability indicators (Hahn et al., 2009; Pandey and Jha, 2012; Xu 
et al., 2020; Zhang et al., 2020; Zhang and Fang, 2020). We also consulted 
experts about factors that are known to influence capital-based livelihood 
vulnerability in Latin-American CSV farming households. The variable 

1  Further information on the surveys implemented as part of the monitoring 

framework can be found in Martínez-Salgado and López (2020); as well as 

Martínez-Salgado and Alvarez (2020); information available only for Guatemala 

and Honduras CSVs.

selection process resulted in a total of 23 mixed variables available for 
cluster analysis and farm type characterization. It is important to note 
that the survey dataset used covered relevant aspects of physical, 
financial, social and human capital extensively, whereas aspects of 
natural capital (such as soil or water quality) were less covered. For that 
reason, the natural capital variables selected represent qualitative proxies 
to estimate the state of natural resources in the farming household system.

Secondly, household records which contained no information on 
one or more of the selected survey questions were removed. Only 
households which had answered all the selected questions used to 
construct the 23 variables were included in the study. When there was 
more than one record per household, the answer from the head of 
household (man or woman) was prioritized and selected over the 
answers of other members of the household to ensure higher data 
reliability Despite the importance of assessing gender aspects in this 
study, the lack of systematic recording of two survey responses from 
both male and female head of household (especially in Cauca and 
Santa Rita CSVs) did not allow to include two responses per household 
and disaggregate the data by gender prior clustering. Finally, as a 
prerequisite for clustering, data quality checks were performed, which 
included removal of missing and out-of-range data, which 
unfortunately reduced the number of household records to use in the 
analysis, thus data did not allow enough reliability for performing 
gender analysis. Quantitative data were checked for outliers, which 
were removed to minimize bias and improve clustering. The average 
area destined for productive agricultural activities per household was 
restricted to a minimum of 200 m2 and a maximum of 84,000 m2 per 
household. Farming households which had a value outside that range 
were removed. No household had more than 10 combined number of 
tree species, crop species and livestock species.

TABLE 3  List of implemented CSA practices at each Latin American CSV.

Cauca, 
Colombia1

Olopa, 
Guatemala2

Santa Rita, 
Honduras3

Organic fertilizers Organic fertilizers Organic fertilizers

Water reservoirs Water reservoirs Water reservoirs

Rainwater harvesting Rainwater harvesting Rainwater harvesting

Drought-resistant 

biofortified seeds

Drought-resistant 

biofortified seeds

Drought-resistant 

biofortified seeds

Horticulture + rainwater 

harvesting

Horticulture + rainwater 

harvesting

Horticulture + rainwater 

harvesting

Windbreaks Windbreaks Agroforestry (Kuxur 

Rum)

Crop residue addition / 

Mulching

Living barriers Living barriers

Irrigation Terracing Terracing

Camandula water pump Aquaculture Aquaculture

Horticulture + Plastic 

cover

Shade management 

(Coffee)

Conservation tillage

Contour trenches

12018 – CSA Monitoring – Cauca Climate Smart-Village Colombia (Bonilla-Findji et al., 
2019).
2 Martínez-Salgado and López (2020). Memories of CSV Olopa, Guatemala 2019.
3 Martínez-Salgado and Alvarez (2020). Memories of CSV Santa Rita, Honduras 2019.
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Variable selection, data selection and data quality checks were 
carried out using Microsoft Excel (2020) software. The data cleaning 
process trimmed the initial datasets to a total of 267 households to 
be used in this study—71, 89 and 107 household records from Cauca, 
Olopa and Santa Rita, respectively. Unfortunately, due to the total 
number of female responses being rather low (30.3%), a separation of the 
total household sample by gender was not considered, as the sub-sample 
of women responses (81) was too low for the statistical analysis.

3.4 Farm-type characterization with 
multiple correspondence and cluster 
analysis

The statistical analysis of the data was divided into four steps: (1) 
multiple correspondence analysis (MCA); (2) computing the 
dissimilarity between observations using Gower’s metric; (3) 
agglomerative clustering using Ward’s minimum variance method and 
partitioning around medoids (PAM), and; (4) cluster validation using 
the silhouette width method. All the analyses were conducted in R 
version 3.6.3 (R Core Team, 2020), using the R packages “cluster,” 
“rtsne,” “ggplot,” “factoextra” and “factominer” for computing the 
clustering algorithms and respective visualizations. Table 4 shows the 
variables used in the cluster analysis.

First, to study the associations between the variables to be used in 
the cluster analysis, multiple correspondence analysis (MCA) was 
performed. MCA applies a dimensionality reduction algorithm to 
illustrate the principal components of the analysis in two dimensions. 
These two dimensions represent the combination of most influential 
variables in the analysis (Supplementary material). MCA allowed us 
to visualize the contributions of different variables to the combined 
first and second dimensions of the analysis, and therefore to identify 
the variables that most strongly influenced the variance of our data.

As a first step in the clustering Gower’s metric was used to 
compute the distance or dissimilarity between each pair of 
observations, since this distance metric is suitable for mixed data types 
and the datasets contained both categorical and numeric variables 
(Martin, 2016; Kassambara, 2017). As a prerequisite for clustering, 
Gower’s metric automatically normalized the data by rescaling it to a 
range between 0 and 1. Ward’s minimum variance method was used 
as the agglomeration or linkage method to compute the minimum 
distance between clusters. Ward’s method minimizes the total within-
cluster variance, so that at each step of the clustering, the pair of 
clusters with minimum between-cluster distance are merged. Other 
authors also recommend using Gower’s metric and Ward’s linkage 
method for clustering mixed data (Chávez Esponda et  al., 2010; 
Hendrickson, 2014; Martin, 2016). Once the distance information was 
obtained, agglomerative clustering was performed to obtain a tree-
based representation of the objects (dendrogram). In agglomerative 
clustering, the cluster algorithm treats each single observation as a 
single cluster and pairs it with the next most similar cluster. This step 
is repeated until all clusters have been merged into one big cluster 
containing all objects, obtaining a dendrogram as a result 
(Kassambara, 2017).

After applying the clustering algorithm and computing the cluster 
distance information, the optimum number of clusters (k) that best 
represented the data was identified using the average silhouette 
method. This method allowed identifying the optimal number of 

clusters (k) which maximizes the average silhouette over a range of 
possible values for k (Kassambara, 2017). Once the number of 
optimum clusters (k) was selected, PAM partitioning (partitioning 
around the medoids) was performed, which partitions the data based 
on the most central point of each cluster (medoid). In k-medoids 
clustering, each cluster is represented by one of the data points in the 
cluster, the medoids, which correspond to the most centrally located 
point in each cluster. The medoids are therefore a representative 
example of the members of that cluster. As opposed to other types of 
clustering, the k-medoids statistical method is less sensitive to noise 
and outliers and it is compatible with the Gower distance metric 
(Martin, 2016). After PAM partitioning was performed, descriptive 
statistics of each cluster were obtained for interpretation and 
comparison of clusters. The above-mentioned steps for cluster analysis 
were performed first for all 267 CSV households. The same cluster 
analysis was then performed only for the 223 CSA farms which had 
adopted at least one CSA practice, in order to identify if implementation 
of at least one CSA practice has some effect on capital-based livelihood.

As a last step in the analysis, cluster validation was performed in 
order to evaluate the goodness of fit of the clustering algorithm results 
The silhouette width method was used as an internal cluster validation 
method, which measures how well an observation is clustered by 
estimating the average distance between clusters (Martin, 2016; 
Kassambara, 2017). The silhouette plot displays a measure of how 
close each point in one cluster is to points in the neighboring clusters. 
Observations with a large silhouette width (almost 1) can 
be  considered well clustered, a small silhouette width means the 
observation lies within two clusters, and a negative silhouette width 
means the observation is probably placed in the wrong cluster 
(Kassambara, 2017).

3.5 Design of livelihood vulnerability index 
(LVI)

The vulnerability analysis in this study was based on the 
sustainable livelihoods approach (SLA). SLA can be used to assess 
vulnerability at the local level by analyzing the status of the five 
livelihood capitals — financial, social, natural, human, and 
physical. These five capitals are the basis for assessing an 
individual’s or household’s ability to cope with risks. They also 
serve as a starting point identifying necessary interventions 
(Chambers and Conway, 1991). Zhang and Fang (2020) inspired 
our method to construct a Livelihood Vulnerability Index (LVI). 
They constructed an LVI integrating the 3 dimensions of IPCC’s 
definition of vulnerability—exposure, sensitivity, and adaptive 
capacity (IPCC, 2014), using the five livelihood capitals from the 
Department of International Development framework (DFID, 
1999). To construct the LVI, each livelihood capital is represented 
by a number of indicators which belong to one of the three major 
vulnerability dimensions of livelihood capital: exposure, sensitivity 
and adaptive capacity. In this study, we first constructed an index 
of vulnerability for each livelihood capital, which represents the 
contribution of that specific capital to vulnerability, and then 
aggregated the scores of the five capital vulnerabilities into one LVI 
per group of households. This approach indicates how each capital 
contributes to livelihood vulnerability for each group of 
farming households.
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The five capital vulnerability indices and final LVI per group were 
constructed using 25 sub-component indicators. We  selected these 
indicators based on published studies that measure livelihood 
vulnerability (Eakin and Bojórquez-Tapia, 2008; Hahn et al., 2009; Pandey 
and Jha, 2012; Xu et al., 2020; Zhang et al., 2020; Zhang and Fang, 2020). 
They were also adapted from the variables used in the cluster analyses. To 

construct the LVI, a balanced weighted average approach was employed, 
which is based on the assumption that each sub-component equally 
contributes to the overall index (Hahn et al., 2009).

The whole process to construct the LVI includes four major steps. 
First, the sub-component indicators were normalized to a value 
between 0 and 1 by min–max normalization using Eq. 1:

TABLE 4  Variables used in the cluster analysis.

Livelihood 
capital

Variable name Variable code Type Range

Human Household food availability increased due to the adoption of 

at least one CSA practice

PXW12 Boolean Yes or no

Household food diversity increased due to the adoption of at 

least one CSA practice

PXW13 Boolean Yes or no

Percentage of household members that participate in 

agricultural activities in the household

NUAG Discrete 0–1

Percentage of household members who are young (16–

30 years old)

NUYO Discrete 0–1

Highest education level achieved by household respondent EDUC Factor Secondary or above, primary, 

none

Natural Average area destined to productive agricultural activities per 

household

ARPR Continuous 200–84,000 (m2)

Household depends primarily on on-farm agricultural 

activities as the main source of income

AGRI_INC Boolean Yes or no

Percentage of adopted soil-improving practices, relative to 

total soil improving practices offered (e.g., organic fertilizers, 

crop rotation, residue addition, intercropping, etc.)

SOIL Discrete 0–1

Physical Household owns the land destined for agricultural activities OWNE1 Boolean Yes or no

Number of cultivated crop species CROP_TOTAL Discrete 0–10

Number of livestock species ANIM_TOTAL Discrete 1–5

Number of cultivated tree species TREE_TOTAL Discrete 0–8

Percentage of adopted CSA practices relative to total CSA 

practices offered

PRAX_TOTAL Discrete 0–1

Percentage of adopted irrigation systems or practices, relative 

to total irrigation practices offered (e.g., drip irrigation, water 

catchments or water ponds for irrigation)

IRRIG Boolean 0–1

Financial Household received income from agricultural activities ICAG Boolean Yes or no

Income from agriculture increased savings in the past year SVIC Boolean Yes or no

Household accessed a loan or borrowed money for 

agricultural activities

CREDP Boolean Yes or no

Number of implemented CSA practices that generated extra 

income for the household

PXW8 Discrete 0–6

Social Household acquired seasonal climatic information from 

social networks

CSS1 Boolean Yes or no

Household acquired daily or weekly weather information 

from social networks

CSD1 Boolean Yes or no

Household acquired daily or weekly weather information CSD02 Boolean Yes or no

Household acquired seasonal climatic information CSS02 Boolean yes or no

Household received training on CSA practices from a 

personal or social contact

PRAX_SOC Boolean Yes or no
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where Sg is the original investigative indicator sub-component 
for households in the selected group g, and Smin and Smax are the 
minimum and maximum value for each sub-component, 
respectively.Second, after each sub-component was standardized, 
Eq. 2 was employed to calculate an index of each dimension of 
vulnerability (exposure, sensitivity and adaptive capacity) for each 
type of livelihood capital:
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Where Ce, Cs and Ca correspond to the value of each vulnerability 
dimension (exposure, sensitivity or adaptive capacity) for each 
Livelihood Capital of each group g. Index sg represents the 
subcomponents, and n is the number of sub-components in each of 
the vulnerability dimensions of Livelihood Capital.

Third, after each dimension of vulnerability was calculated for 
each type of livelihood capital, Eq. 3 was employed to calculate the 
index of each Livelihood Capital’s contribution to vulnerability 
(CVI-IPCC):
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where CVI−IPCCg is the value of the Livelihood Capital’s overall 
contribution to vulnerability for group g after incorporating each 
vulnerability dimension (Ce, Ca, Cs) of the IPCC’s 
vulnerability framework.

Fourth, the LVI at the group-level, which represents the value of 
the five livelihood capitals for a given group, was calculated using Eq. 4:
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where w1, w2, w3, w4, and w5 are the weights of the five livelihood 
capitals’ contribution to vulnerability—human capital vulnerability 
(HCV), natural capital vulnerability (NCV), physical capital 
vulnerability (PCV), financial capital vulnerability (FCV) and social 
capital vulnerability (SCV). In this study, the LVI ranged from −0.2 
(low vulnerability) to 0.4 (high vulnerability). A detailed assessment 

process of the calculation of the LVI is illustrated in 
Supplementary material.

The LVI provides a comparable method for assessing vulnerability 
within groups of CSV farmers. To observe differences in vulnerability 
associated to CSA adoption, the LVI was constructed for the CSA 
farmers and the non-CSA farmers. This vulnerability analysis allowed 
us to observe the different contributions to vulnerability of each 
livelihood capital and overall LVI of each group of farming households.

4 Results

4.1 Capital-based livelihood vulnerability in 
CSA vs. non-CSA farmers

The clustering exercise results shed light on three distinct clusters: 
one comprised of non-CSA farmers and the other two consisting of 
CSA farmers (refer to Supplementary material for detailed information 
on the clustering exercise). Within the non-CSA farmer cluster, 
individuals exhibited the lowest adoption rate of CSA practices, 
standing at 9.6% for all variables associated with each capital.

In the case of CSA farmers, we performed a two-cluster solution. 
This clustering approach revealed that the adoption of CSA practices 
played a pivotal role in delineating different groups within farming 
households. Subsequent rounds of clustering analysis underscored the 
primary divergence between the two groups of CSA farmers, which 
focused primarily on social capital. Cluster 1 showed superior 
performance in financial and human capital indicators compared to 
Cluster 2 (see Table  4). Conversely, the non-CSA farmer group 
displayed markedly lower values across almost all indicators when 
compared to the two groups of CSA farmers (see Table 5).

The multiple correspondence analysis (MCA) allowed to 
understand the variables with the largest influence in clustering the 
data, by underscoring the variables with the largest contributions to 
the combined first and second dimensions of the analysis (see 
Supplementary material). These included two variables from human 
capital (whether household increased food availability, PXW12, and 
food diversity, PXW13), Four variables from social capital related to 
acquisition of weather and climatic information and connection with 
social networks (CSS02, CSD02, CSS1 and CSD1), one variable from 
physical capital (PRAX_TOTAL: percentage of CSA practices 
adopted), and one variable from natural capital (SOIL, percentage of 
soil improving practices adopted). Based on this clustering result the 
following cluster descriptions were made:

Cluster 1: Medium-high adopters of CSA (including soil fertility 
and food diversity practices), with high access to social networks and 
climate/weather data (82 households).

Cluster 2: Medium-low adopters of CSA (including soil fertility 
and food diversity practices) with low access to social networks and 
climate/weather data (141 households).

Non-CSA: No-or-low adopters of CSA (no soil fertility adopters, 
with low adoption of food diversity practices), low access to social 
networks and medium access to climate/weather data (44 households).

The percentage of women responses was similar in the three 
clusters (35.4% in cluster 1, 28.4% in cluster 2, and 27.3% in the 
non-CSA cluster) and comparable to the percentage of women 
responses from the total household sample (30.3%). This result also 
indicated that, with the household data used in the analysis, gender as 
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TABLE 5  Summary of cluster information (most influential variables in the clustering based on MCA analysis are highlighted in bold).

Livelihood 
capital

Variable name and code CSA farmers Non-CSA

Cluster 1 Cluster 2

Human Percentage of households whose food availability increased due to the adoption of at least one CSA practice (PXW12) 0.915 0.766 0.000

Percentage of households whose food diversity increased due to the adoption of at least one CSA practice (PXW13) 0.866 0.731 0.000

Average number of household members that participate in agricultural activities in the household (NUAG) 0.529 0.597 0.512

Average number of household members who are young (16–30 years old) (NUYO) 0.231 0.231 0.259

Highest education level achieved by most household (EDUC) Primary Primary Primary

Natural Average area destined to productive agricultural activities per household (ARPR) 12719 11039 7381

Percentage of households which depend primarily on on-farm agricultural activities as the main source of income (AGRI_INC) 0.866 0.766 0.750

Average number of adopted soil-improving practices, relative to total soil-improving practices offered (SOIL) 0.489 0.356 0.000

Physical Percentage of households which owe the land destined for agricultural activities (OWNE1) 0.671 0.709 0.455

Average number of cultivated crop species (CROP_TOTAL) 3.476 2.929 2.091

Average number of livestock species (ANIM_TOTAL) 1.183 0.915 0.568

Average number of cultivated tree species (TREE_TOTAL) 2.073 2.433 1.318

Average number of adopted CSA practices relative to total CSA practices offered (PRAX_TOTAL) 0.417 0.292 0.000

Average number of adopted irrigation systems or practices, relative to total irrigation practices offered (e.g., drip irrigation, water catchments 

or water ponds for irrigation) (IRRIG)
0.309 0.200 0.000

Financial Percentage of households which received income from agricultural activities (ICAG) 0.902 0.823 0.841

Percentage of households which were able to have savings from agriculture in the past year (SVIC) 0.329 0.227 0.409

Percentage of households which accessed a loan or borrowed money for agricultural activities (CREDP) 0.488 0.248 0.250

Average number of implemented CSA practices that generated extra income for the household (PXW8) 0.793 0.532 0.000

Social Percentage of households which acquired seasonal climatic information from social networks (CSS1) 0.805 0.028 0.182

Percentage of households which acquired daily or weekly weather information from social networks (CSD1) 0.793 0.021 0.091

Percentage of households which acquired daily or weekly weather information (CSD02) 1.000 0.227 0.500

Percentage of households which acquired seasonal climatic information (CSS02) 0.963 0.234 0.545

Percentage of households which received training on CSA practices from a personal or social contact (PRAX_SOC) 0.805 0.816 0.227
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a variable for clustering did not show a significant influence in the 
partitioning of the data. It is possible that gender could have higher 
influence in the clustering than the one observed in this analysis, had 
the percentage of female respondents from the clustering sample been 
higher. Despite the relevance for this type of studies, the lack of 
systematic recording of one male and one female survey per household 
limited the possibility to analyse gender implications. The latter in 
addition to the significant amount of missing and incorrect data, 
which forced to discard many household records from the 
initial datasets.

Figures 1, 2 present the constructed capital vulnerability scores for 
each group of households, and the disaggregated indicator values per 
capital and per dimension of vulnerability. The final aggregated 
Livelihood Vulnerability Index (LVI) score for each group of 
households reveals that CSA Cluster 1 exhibits the lowest livelihood 
vulnerability (−0.048), followed by CSA Cluster 2 (0.063), with the 
non-CSA farmers group displaying the highest vulnerability (0.168).

In a comprehensive overview, CSA Cluster 1 demonstrates the 
lowest vulnerability across all types of capital, except for natural 
capital, where CSA Cluster 2 shows a slightly lower vulnerability 
(0,007 compared to −0.012, respectively). On the contrary, the 
non-CSA farmers group registers the highest vulnerability across all 
types of capital, despite scoring similarly to CSA Cluster 2 in social, 
financial, and physical capital (Figure 1). Regarding the impact of each 
livelihood capital on vulnerability, the three groups of farming 
households demonstrated comparable performance in terms of 
financial and physical capital. However, even within these two capital 
categories, CSA Cluster 1 outperformed the other two clusters, as 
illustrated in Figure 1.

The largest differences between the three groups of farming 
households were observed for social, human, and natural capital. For 
human and natural, the two CSA clusters showed similar and much 
lower vulnerability scores (human: 0.000 and 0.043; natural: 0.007 and 
0.012, respectively) than the group of non-CSA farmers (human: 
0.359; natural: 0.171). In terms of social capital, CSA cluster 1 showed 
by far the lowest vulnerability among groups (−0.152) whereas CSA 
cluster 2 and non-CSA farmers showed a similar and much higher 

vulnerability score in social capital (0.264 and 0.304, respectively) 
(Figures 1, 2).

4.2 Human capital

The differences in human capital scores between CSA farmers and 
non-CSA farmers were mainly due to the different performance in the 
food availability and food diversity indicators, for which non-CSA 
farmers showed high vulnerability (Figures 1, 2). This result suggests 
that CSA interventions might be particularly effective in improving 
food diversification in the farming household for either on-farm 
consumption or market sales. Furthermore, a slightly higher 
percentage of CSA farmers achieved a higher education index. 
However, educational differences between farming households might 
have already been present prior to CSA interventions. A wider range 
of indicators for human capital could be included to characterize this 
type of capital. Then, we might observe larger differences between 
groups of farming households and where the differences come from. 
Other possible indicators to be  included in the quantification of 
human capital could be  the dependency ratio, the percentage of 
illiteracy in the household, the level of education, agricultural training 
of the members of the household, and the overall health of household 
members (Xu et al., 2020; Zhang et al., 2020; Zhang and Fang, 2020).

4.3 Natural capital

Non-CSA farmers did not adopt any soil-improving practices, 
which resulted in the main difference in natural capital scores among 
groups (Figure 2). However, is it possible that the group of non-CSA 
farmers has adopted or already implemented other soil conservation 
practices than the soil practices included in the CSA package, and 
therefore have a higher adaptive capacity in natural capital than what 
our indicator reflects. Another observed difference in natural capital 
between groups was the average area destined to productive 
agricultural activities per household, which was higher in CSA 

FIGURE 1

Livelihood vulnerability results per livelihood capital for the three groups of climate-smart village farming households: CSA farmers-cluster 1 (red), CSA 
farmers-cluster 2 (green), and CSA non-farmers (blue; −0.2  =  least vulnerable, 0.4  =  most vulnerable).
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farmers compared to non-CSA farmers (Figure 2). This result suggests 
that agricultural land differences between CSA adopters and 
non-adopters might have already been present. However, since the 
indicator used corresponded to the area destined to productive 
agricultural activities and not the total farm size, it is also possible that 
CSA might have had a positive effect in supporting farmers in more 
efficiently utilizing their existing land for agricultural production. 
Nevertheless, this livelihood capital only included three indicators, 
one for each dimension of vulnerability, which greatly limits the ability 
to fully measure natural capital-related differences between groups. 
More indicators should be included to cover all aspects of this capital, 

including indicators about access to fresh water sources, quality of the 
owned land, exposure to climatic events, biodiversity degree, air 
quality, erosion protection, etc. (Xu et al., 2020; Zhang and Fang, 2020; 
Zhang et al., 2020).

4.4 Physical capital

The largest difference in physical capital between groups was the 
percentage of adopted irrigation practices, which was 0% for 
non-CSA farmers and 60 and 50% for the two groups of CSA 

FIGURE 2

Normalized indicator values for livelihood capitals and dimension of vulnerability, for three types of CSV farming households: two groups of CSA 
farmers and non-CSA farmers. Further details on indicator values see Supplementary material.
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farmers, respectively (Figure 2). This result suggests that CSA might 
have positively encouraged farmers to adopt improved water 
management practices. However, as for the adoption of soil-
improving practices, it is possible that non-CSA farmers already 
have some irrigation practices or infrastructure in place that this 
indicator would not measure. The second largest difference in 
physical capital was the percentage of households which do not own 
the land dedicated to agricultural activities, which was higher in 
non-CSA farmers (50%) and relatively similar between the two 
groups of CSA farmers (33 and 29%). This result suggests that 
differences in land property rights might have already been present 
prior to CSA implementation. It is possible that households who are 
owners might have been at an advantage in their ability to take up 
CSA practices. The average number of household-owned goods was 
similar between the two groups of CSA farmers and higher than the 
non-CSA group (Figure  2). All three groups showed a similar 
percentage of households with cultivated land (above 90% in all 
cases), but a higher percentage of households in CSA cluster 1 had 
livestock compared to CSA cluster 2 and non-CSA farmers, 
suggesting the CSA focus on farm diversification improved 
resilience. The two CSA groups also showed a higher percentage of 
households with cultivated tree species. Although six indicators were 
used to measure physical capital, our set of indicators did not cover 
other relevant aspects for this type of capital, such as possession of 
agricultural machinery and other durable goods, the level of 
infrastructure, transport, access to markets, etc. To better quantify 
physical capital, further indicators which measure these aspects 
should also be included (DFID, 1999; Xu et al., 2020; Zhang and 
Fang, 2020; Zhang et al., 2020).

4.5 Financial capital

Adaptive capacity indicators described the largest differences in 
financial capital between groups. The two groups of CSA farmers were 
in general more able to borrow money or were able to generate extra 
sources of income compared to the group of non-CSA farmers. This 
result again highlights the potential positive effect of CSA 
implementation on food and income diversification. The percentage 
of households which were unable to save money in the past year was 
more similar among all groups but still higher for the CSA farmers 
than non-CSA farmers. A lower number of households did not receive 
income from agriculture in CSA cluster 1 (9.8%) compared to the 
other two groups (17.7 and 15.9%). Other possible indicators related 
to non-farm income sources are if the household experienced 
monetary loss or if the household is below the poverty line. The 
analysis could benefit from indicators on insurance, subsidies, total 
annual income or other types of financial support (DFID, 1999; Xu 
et al., 2020; Zhang and Fang, 2020; Zhang et al., 2020).

4.6 Social capital

Social capital was the livelihood capital where the largest 
differences between groups of farming households were observed. 
Almost no household from CSA cluster 1 had difficulty accessing 
weather information whether daily or seasonal, whereas 70 and 50% 
of households in CSA cluster 2 and non-CSA, respectively, could not 

access this information (Figure 2). Furthermore, a high percentage of 
households in CSA cluster 1 acquired weather and climate information 
from social networks, which was not the case for the other two groups. 
This result suggests that CSA interventions might have been most 
successful in farming communities with already-established social 
networks. When these networks were not as strong, the positive CSA 
contribution in social capital might have been minimal. The 
involvement of households in social groups was much higher for CSA 
farmers (74 and 64%, respectively) than in non-CSA farmers (10%). 
Other possible indicators that could be included to better characterize 
social capital would be  percentage of households with members 
working for the government, households receiving help from the 
government, number of community organizations joined, or diversity 
of agricultural product sales channels (DFID, 1999; Xu et al., 2020; 
Zhang and Fang, 2020; Zhang et al., 2020).

5 Discussion and conclusion

This study seeks to explain the contribution of CSA to the 
sustainability of rural livelihoods in Latin America. Leveraging field 
data from three distinct geographies in Latin America, we conduct a 
comparative analysis of the Climate-Smart Village (CSV) approach, 
evaluating the resilience of rural livelihoods. An innovative aspect of 
our study involves the integration of CSA and the Sustainable 
Livelihoods Framework (SLF), providing a nuanced perspective on 
the impact of CSA. The insights garnered from this research have 
significant implications for informing policy and investment decision-
making processes.

Our findings underscore the positive impact of CSA practices on 
diverse livelihood capitals. Noteworthy outcomes include improved 
indicators of food availability and diversity (human capital) among 
CSA farmers. Additionally, CSA farmers show a propensity to adopt 
soil-improving practices acquired from social networks, thereby 
enhancing their natural capital. Geographical disparities in the 
adoption of irrigation practices reveal significant differences in 
physical capital among CSA farmers. Financially, CSA farmers show 
higher adaptive capacity, particularly in accessing credit and 
generating income. Socially, there is a pronounced increase in the 
participation of CSA farmers in social groups, reflecting enhanced 
social capital, which is confirmed by Das et al. (2023) who found that 
households with stronger social assets are more resilient to climatic 
challenges. Previous studies also highlight the value of a combined 
CSA approach and SLA focus to enhance resilience to climate change 
and livelihoods by identifying the most effective CSA practices per 
region (Mathews et al., 2018; Ogola and Ouko, 2021; Muzorewa and 
Chitakira, 2022). Other studies have gone further in these analyzes by 
measuring the contribution of specific CSA practices to the three CSA 
pillars, as a proxy to measure contribution to sustainable livelihoods 
(Ogola and Ouko, 2021; Tilahun et al., 2023).

The combination of CSA and SLA approaches to assess resilience 
has therefore been mostly studied from a CSA entry point. In contrast, 
other studies have focused on using the SLA approach to assess 
contribution to climate change resilience in different agricultural 
communities (Das et al., 2023). This study broadens the methodologies 
and evidence by providing a dual framework to delineate which 
aspects of livelihoods need to be  enhanced most in CSA rural 
agricultural communities. Collectively, these results affirm that 
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building the capacity to adapt to climate change is closely linked to the 
multiple capitals of rural livelihoods.

Our study highlights that, within the Latin American farming 
households included in the analysis, the CSV approach has had an 
overall positive impact on reducing livelihood vulnerability. Fuchs 
et al. (2019) and Mathews et al. (2018) highlight the notable positive 
impact on the sustainability of livelihoods and landscapes when 
appropriate and targeted CSA measures are implemented. However, 
the analysis also highlights that the CSV approach was particularly 
successful in increasing natural and human capital, somewhat 
successful in improving social capital, and had almost no effect in 
improving physical and financial capital.

This uneven contribution to capital-based vulnerability could 
be due to CSV’s focus on implementing CSA practices that improve 
agrobiodiversity, agricultural management practices, and access to 
information and social networks which can have a large impact on 
natural, human, and social capital, respectively. The increase in these 
three key capitals suggests that CSA can positively contribute to 
increasing resilience to climate change, as resilience can be increased 
with more diversified farming systems (Vernooy, 2022) and a wider 
support network (Ingold, 2017).

The limited impact of CSA interventions on financial and physical 
capital highlights the need to include additional interventions within 
or alongside this approach. Interventions should help farmers address 
these two key aspects of livelihood vulnerability. Other studies have 
also highlighted the important contribution of income diversification 
CSA strategies to strengthen financial capital and resilience, 
particularly in lower income households (Berhanu et al., 2021). The 
analysis suggests that the CSV approach either did not sufficiently 
target improvements in farmers’ financial and physical capital, or it 
failed to address differences that might have already been present 
(such as differences in farm size and land rights). Additional 
interventions to specifically target farmers’ financial and physical 
capital could include the introduction of financial instruments such 
as subsidies (for inputs, infrastructure, or machinery), loans, grants or 
insurance. Our study sheds light on the interplay between climate-
resilient agriculture and sustainable livelihoods by integrating the SLF 
and CSA. It underscores the need for a comprehensive lens to fully 
assess the impact of CSA on rural livelihoods. However, it is important 
to further characterize differences in impact of CSA on the livelihoods 
of rural women and men, which was a limitation of this study due to 
a lack of sufficient gender disaggregated data for the statistical analysis.

Our results on social capital support previous findings on the role 
of social networks in enabling interactions across scales that can 
support CSA adoption (Martinez-Barón et al., 2018). However, the 
role of gender in establishing and maintaining these social networks 
needs to be better understood. Not only is it important to better 
understand the role of gender within social capital, but its role in all 
five livelihood capitals, as well as the relationship between gender and 
the three aspects of livelihood vulnerability. Further research should 
advance these findings by considering and comparing the perspectives 
of both men and women within CSA and non-CSA rural 
communities, and how they contribute to improve livelihoods and 
enhance resilience Moreover, not only gender differences in CSA 
adoption should be further looked at, but also how other intersecting 
factors such as socio-economic level, age, or education level, interact 
with gender to drive or halt CSA adoption (Howland et al., 2019; 
Acosta et al., 2021).

In this study, it was not possible to conduct such disaggregated 
analysis due to having an insufficient women sample size, which 
we acknowledge as a limitation. Equally important is the need to 
understand not only the relationship between gender and livelihood 
vulnerability, but also identify key areas of intervention where the 
rights of smallholder women can be advanced. Such advancement of 
women’s rights could begin by better understanding gender norms in 
smallholder agriculture and using novel frameworks for system 
change towards resilience (Rietveld et al., 2023). We acknowledge the 
pivotal role of women in increasing resilience in small-scale 
agriculture, and suggest putting gender at the centre of AR4D studies 
from the very initial stages of project design (IFAD, 2022). 
We especially emphasize the importance of centering gender during 
hypothesis formulation, and data collection methodology definition, 
in order to ensure a higher recording of female household responses 
to better capture the perspectives of rural women in both qualitative 
and quantitative ways. We  emphasize again the importance of 
adopting a dual framework for policy and investment decisions, 
recognizing the complementary insights provided by both CSA 
and SLF.

Special consideration also needs to be taken to understand why 
the CSV approach succeeded in increasing social capital for some CSA 
farmers, but not for all, and the potential role of gender in this regard. 
Other combined CSA and SLA approaches in other regions also report 
that higher project involvement predicts lower livelihood vulnerability 
(Fuchs et al., 2019). This analysis suggests that the CSV approach can 
increase social capital very significantly by linking farmers to social 
groups and to information services. However, practitioners should 
carefully examine what factors play a role in livelihood capital 
formation for some CSA farmers and not others.

In conclusion, our research highlights the potential for CSA to 
positively influence rural livelihoods in the LAC region. The study 
advocates for continued research efforts, incorporating expanded 
indicators, such as gender indicators within social and human capital 
definitions, for a more comprehensive assessment of CSA’s impact. 
Additionally, we stress the urgency of considering the implications for 
promoting sustainable livelihoods in the face of climate change. This 
comprehensive approach is vital for guiding effective policies and 
investments geared towards building resilient and sustainable rural 
communities in LAC.
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