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gg%z\:ﬁtr:rsal extension, study examines the impact of agricultural extension services and various forms of livelihood capital

climate change, livelihood on the climate resilience and farm sustainability of rice farmers in West Java, Indonesia. A total of

capitals, resilience 371 respondents from Karawang and Subang Regencies were surveyed using a structured

0) questionnaire that covered farmers engaged in intensive and semi-intensive rice production

systems. The study employed Structural Equation Modeling using Partial Least Squares (SEM-PLS)
to assess the direct and indirect effects of human, social, natural, financial, and physical capitals, as
well as extension services, on resilience capacity and farm sustainability. The results show that
human capital, natural capital, social capital, financial capital, and extension services all have a
significantly positive effect on resilience capacity. In turn, resilience capacity is a key mediating
variable contributing to farm sustainability. Furthermore, the Importance-Performance Map
Analysis (IPMA) reveals that financial and natural capital are high-priority areas for intervention due
to their strategic influence and current performance gaps. These results underscore the need to
enhance farmers' access to inclusive and adaptive financial services, improve natural resource
governance, and strengthen the quality and contextual relevance of agricultural extension services.
The study recommends a shift toward a pluralistic and resilience-oriented extension model that
integrates livelihood assets and climate adaptation strategies to build sustainable and climate-
resilient farming systems.

Introduction

The agricultural sector contributes to food security, job creation, and increasing farmers’ incomes [1],
however, this sector is vulnerable to the impacts of climate change. Climate change has affected the
livelihoods of smallholder farmers, particularly in agriculture-based developing countries [2]. As an
agriculture-based country, Indonesia is vulnerable to climate change impacts, such as floods, droughts, shifts
in rainfall patterns, and rising temperatures [3]. Indonesia ranks third in the world in terms of the highest
exposure to climate risks, particularly floods and droughts, which threaten agricultural production and food
security [4,5]. Several reports indicate that temperatures in Indonesia are projected to rise between 0.8 °C
and 1.4 °C by the year 2050 [6]. Data from Badan Pusat Statistik (BPS) show that the country has experienced
a decline or stagnation in food production over the past two years. BPS reported that rice production
decreased by 1.12 million tons (2.05%), from 54.75 million tons of Gabah Kering Giling (GKG) in 2022 to 53.63
million tons in 2023 [7]. The harvested rice area also declined by 256 thousand hectares (2.45%), from 10.45
million hectares in 2022 to 10.20 million in 2023. This trend is consistent with findings from the 2023

Corresponding Author: Rafnel Azhari rafnelazhari@agr.unand.ac.id (A Department of Agricultural Socioeconomic Faculty of
Agriculture, Andalas University, Limau Manis, Padang, Indonesia.

© 2025 Azhari et al. This is an open-access article distributed under the terms of the Creative Commons Attribution (CC BY) license, allowing
unrestricted use, distribution, and reproduction in any medium, provided proper credit is given to the original authors.

Think twice before printing this journal paper. Save paper, trees, and Earth!


mailto:rafnelazhari@agr.unand.ac.id
https://crossmark.crossref.org/dialog/?doi=10.29244/jpsl.15.5.904&domain=pdf&date_stamp=2025-10-01

Agricultural Census conducted by BPS [8], which revealed that the number of farming households cultivating
rice declined by 2.18 million between 2013 and 2023.

The pressures of climate change have led to stagnation in achieving Sustainable Development Goals (SDGs)
targets [9] and have also increased the vulnerability of farming households [10]. This highlights the need to
design agricultural governance through a resilience-oriented perspective. Applying a resilience lens enables
farmers and the agricultural sector to develop resilience capacities, which ultimately support the
achievement of the SDGs despite ongoing pressures [9]. Enhanced resilience also helps reduce social and
economic vulnerabilities affecting farmers' welfare and livelihoods [11]. Improved farmer resilience
contributes to the sustainability of farming [12], across economic, social, and environmental dimensions [13].
The ability of farmers to cope with both short and long-term pressures can be conceptualized as resilience
[14]. The resilience approach is used because it provides a more comprehensive conceptual framework than
adaptation or mitigation alone. This approach encompasses farmers' capacity to maintain short-term
stability, adapt to ongoing changes, and transform agricultural systems to ensure long-term sustainability.
Therefore, this approach is more appropriate for exploring the dynamics of farmer resilience in the face of
complex climate pressures. This study aims to determine what factors can increase the resilience capacity of
farmers and, at the same time, the sustainability of rice farming businesses.

Although the island of Java accounts for less than 7% of Indonesia's land area, it contributes approximately
54% of the national rice production (29 million tons) [15]. In West Java, rice production in 2024 has reached
8.5 million tons, marking a 6.84% decrease compared to the previous year [16]. West Java is also recorded as
the most vulnerable province in Indonesia to natural disasters such as floods, droughts, and landslides. These
vulnerabilities are exacerbated by the impacts of climate change, placing the province 24th globally and first
in Indonesia in terms of agricultural sector loss risk [17]. The province experiences a 9.02% decline in rice
production for every 1 °C increase in average temperature [18]. Rice production patterns in West Java vary
between intensive systems characterized by high planting intensity and heavy chemical inputs and semi-
intensive systems involving reduced chemical fertilizer usage and gradual adoption of organic farming.
Karawang Regency represents the intensive production model typical of peri-urban areas, while Subang
Regency is known for its semi-intensive production in rural areas [19]. The severe climate change pressures
in West Java necessitate efforts to enhance the resilience of rice farmers so they can adapt and transform
their livelihoods. This strategy requires long-term interventions based on changes in farmers' knowledge,
skills, and attitudes. Agricultural extension is critical in strengthening resilience by improving access to
technology, markets, and information [20]. Resilience is also closely linked to the concept of sustainable
livelihood, which emphasizes how the capacities, assets, and activities of communities, as well as structural
transformations, contribute to increased income, improved well-being, and enhanced food security [21].

Previous studies have found that agricultural extension services influence farmers' resilience to climate
change, as demonstrated by Knook et al. [22]. However, their study focused on participatory extension
methods and was conducted qualitatively, with limited data coverage. Amanah and Kartika [23] also
examined the impact of communication and extension services on public knowledge regarding climate
change, but their study did not address farmers' resilience. Research on farmer resilience and vulnerability
to climate change in Indonesia has generally focused on drought-prone regions in the eastern part of the
country [24,25], urban areas [19], or indigenous communities [26]. Studies on rice farmers in Java have mostly
been limited to vulnerability assessments in single areas with uniform agricultural typologies [27—-29]. There
has been no research that discusses the influence of extension and livelihood capital on rice farmers in food
barn areas with intensive farming typology in suburban areas and farmers who carry out semi-intensive
farming in rural areas, even though both typologies are dominant in Indonesia and Asia.

Studies that integrate the concepts of agricultural extension and livelihood capitals to examine the climate
resilience of rice farmers remain scarce. This research addresses that gap. Specifically, it fills two key gaps in
the existing literature. First, it explores the combined influence of agricultural extension services and
livelihood capitals on farmers' climate resilience in major food-producing regions. Second, this study
investigates farmer resilience in food barns with two different farming typologies: intensive and semi-
intensive. Both agricultural typologies are widely practised in rice-producing countries in Asia. The selection
of two agricultural typologies, intensive and semi-intensive, aims to reflect the diversity of rice farming
systems. These differences influence farmers' responses to climate risks, shaping their resilience capacity.
This aligns with resilience theory, which states that more flexible, diverse, and adaptive systems tend to be
more resilient to external pressures. Understanding this will support the right policy to build farmer resilience
to climate change in rice-producing regions globally. Based on the background and problem formulation

http://dx.doi.org/10.29244/jps|.15.5.904 JPSL, 15(5) | 905



described above, this study examines the influence of agricultural extension services and livelihood capitals
on farmers’ climate resilience and the sustainability of their farming practices in Indonesia’s major rice-
producing regions.

Materials and Methods
Study Area

This study was conducted in two regencies in West Java Province: Karawang Regency, representing intensive
agricultural areas, and Subang Regency, representing semi-intensive agricultural areas (Figure 1). The
research sites in Karawang included Cilamaya Wetan and Cilamaya Kulon Sub-districts, while in Subang, the
sites were Pabuaran and Kalijati Sub-districts. The locations were purposively selected based on agricultural
typologies and levels of climate risk, considering that West Java is a national rice production hub with the
highest climate vulnerability in the agricultural sector [17,30]. The Indonesian government designated
Karawang and Subang as climate resilience super-priority zones for the agricultural sector [30]. Data
collection was conducted over a period of five months, from September 2024 to January 2025. The
questionnaire trial was conducted in Pamanukan District, Subang Regency, using 30 respondents. Pamanukan
District was chosen because it is a rice-producing area with similar characteristics to the research location.
The research was conducted after approval from the Ethical Committee on Social Studies and Humanities,
National Research and Innovation Agency, Indonesia, with the number of ethical clearance approval: 759/
KE.01/SK/09/2024. Additionally, participants provided informed consent to participate in this study.
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Figure 1. Overview of the study area.

Data Collection Methods

This study employed a survey methodology designed to capture a broad range of variables across a
substantial number of respondents. The survey's primary objective was to generate a representative
population characterisation by systematically collecting individual-level data through structured interviews.
In principle, the range of variables gathered through the survey is extensive, encompassing fundamental
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attributes, respondents’ attitudes and perceptions, social and environmental factors, behavioural patterns,
and demographic characteristics of the population under study [31].

The population of this study consists of all members of rice farmer groups actively managing their farming
operations. The selection of research locations was carried out purposively, taking into consideration that
these farmers are located in eight villages affected by flooding in 2023 within Cilamaya Wetan and Cilamaya
Kulon Sub-districts of Karawang Regency, as well as all rice farmer groups in four villages in Subang Regency,
specifically in Pabuaran and Kalijati Sub-districts, where some farmers practice semi-intensive rice farming or
have begun experimenting with organic rice cultivation. The chosen farmers were also small-scale farmers,
with a maximum land area of less than 2 hectares. The total population includes 106 farmer groups,
comprising 5,083 individual farmers [32]. The sample size for this study was determined using the Slovin
formula [33].
N 5,083

n= = =371 (1)

T 1+ Ne?  1+5083x0.052

where n represented the study’s sample size, N denoted the total number of rice farming households in the
study location, and e was a 5% margin of error. The sample size for each district is detailed in Table 1. The
questionnaire was initially developed and pilot-tested on 30 rice-farming households in Pamanukan, Subang,
to minimize ambiguity, drawing upon insights from relevant literature. Pamanukan was selected for the pre-
test due to its significance as a central rice-producing area in West Java. Based on the pilot results, several
modifications, such as refining question phrasing and clarifying instructions, were made to improve the
overall clarity and comprehensibility of the instrument.

Table 1. Sample size by district.

Districts Sub-districts Villages Population  Proportionate sampling  Actual sampling
Karawang Cilamaya Wetan Cilamaya 211 (211/5,083) x 371 16
Rawa Gempol Kulon 210 (210/5,083) x 371 16
Muara 613 (613/5,083) x 371 45
Muara Baru 380 (380/5,083) x 371 27
Cilamaya Kulon ~ Sumur Gede 231 (231/5,083) x 371 17
Pasir Jaya 223 (223/5,083) x 371 16
Suka Jaya 294 (294/5,083) x 371 21
Mukti Jaya 219 (219/5,083) x 371 16
Sub total 2,381 174
Subang Kalijati Tanggulun Timur 612 (612/5,083) x 371 45
Tanggulun Barat 588 (588/5,083) x 371 43
Pabuaran Pabuaran 936 (936/5,083) x 371 68
Pringkasap 566 (566/5,083) x 371 41
Sub total 2,702 197
Total 5,083 371

Data Analysis

The measurement model in this study consists of six endogenous latent variables and two exogenous latent
variables. These variables include: human capital (X1), agricultural extension implementation (X2), natural
capital (X3), physical capital (X4), social capital (X5), financial capital (X6), resilience capacity (Y1), and farm
sustainability level (Y2) (Figure 2). The study uses a modified Likert-type ordinal scale, which measures
responses based on attitudes, perceptions, and other evaluative statements along a ranked continuum. The
scale ranges from one (1), indicating very weak; two (2), indicating weak; three (3), indicating strong, to four
(4), indicating very strong. Previous studies [31,34] have used similar coding. Employing ordinal measurement
scales, such as the Likert Scale, is recommended as a standardized approach to generate comparable metrics
and maintain the assumption of equal intervals between scale points [35].

The data were analyzed using Structural Equation Modelling (SEM) with the assistance of Partial Least
Squares software (SmartPLS) version 4.0. The SEM-PLS method was chosen because of its ability to handle
complex conceptualisation models with many latent constructs and indicators, and the data's ordinal and
non-normal nature. This method also allows for exploring mediating relationships between resilience
capacity and farm business sustainability. This approach is relevant for an applied and exploratory study such
as this, with the primary goal of predicting and understanding the contribution of each construct to farmers'
resilience capacity and farm sustainability.
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Human Capital (X1)

X1.1 Age

X1.2 Formal education

X1.3 Non formal education

X1.4 Years of farming experience
X1.5 Climate change knowledge
X1.6 Belief in climate change
X1.7 Motivation

Agricultural Extension Implementation (X2)
X2.1 Relevance of extension materials

X2.2 Appropriateness of extension methods
X2.3 Timeliness of extension services

X2.4 Extension agent competence

X2.5 Farmer participation

X2.6 Extension planning

X2.7 Extension evaluation

Natural Capital (X3)
X3.1 Soil fertility
X3.2 Water resources
X3.3 Land area

A

Physical Capital (X4)

X4.1 Accessibility of agricultural facilities and
infrastructure

X4.2 Access to information technology

1N\

Social Capital (X5)
X5.1 Trust

X5.2 Social networks
X5.3 Values or norms
X5.4 Group support

Financial Capital (X6)

X6.1 Income

X6.2 Access to capital

X6.3 Access to agricultural insurance
X6.4 Amount of savings

Resilience Capacity (Y1)

Y1.1 Stabilization capacity
Y1.2 Adaptive capacity

Y1.3 Transformative capacity

}

Farm Sustainability Level (Y2)
Y2.1 Economic aspect

Y2.2 Social aspect

Y2.3 Environmental aspect

Figure 2. Operational framework of the study.

The evaluation of the PLS model involves assessing both the outer model (measurement model) and the inner
model (structural model). The outer model represents the relationships between observed indicators and
their corresponding latent constructs. The latent variables and their corresponding research indicators are
presented in Table 2. The path analysis model on the inner model is expressed in Equations 2 and 3.

Vi =yiX1 + 72X, +v3X3 +vaXy +v5Xs +veXe + €4

Yy, = BiYh +viX1 + V2 Xy + ¥3Xs +vaXy +vsXs +v6Xe e

Description :
Y : Endogenous latent variables

X: Exogenous latent variable

[: Path coefficient of endogenous variables

Y : Vector of path coefficients of exogenous to endogenous variables

(2)
3)
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Table 2. Research variables and indicators.

No Research variables

Definition

Indicators

1 X1 Human capitals

2 X2 Agricultural
extension
implementation

3 X3 Natural capital

4 X4 Physical capital

5 X5 Social capital

6 X6 Financial capital

7 Y1 Resilience
capacity

8 Y2 Farm
sustainability level

Conditions or characteristics within an individual that relate to personal
aspects, including age, formal education, non-formal education, years of
farming experience, knowledge, beliefs, and motivation.

All actions and systems are required to carry out activities to assist and
enhance farmers' knowledge and change their behaviour to improve their
resilience capacity and increase the efficiency of rice farming. This is
assessed through the relevance of extension materials, appropriateness
of methods, timeliness of extension services, the competence of
extension agents, farmer participation, extension planning, and
evaluation of extension programs.

Specific characteristics or distinctive features of how farmers organize and
manage natural resources to ensure efficiency and consistency, improve
their well-being and enhance their standard of living.

The availability and accessibility of facilities and infrastructure that
support farmers' livelihoods in rice farming, encompassing the presence
of agricultural and non-agricultural facilities and infrastructure, as well as
the ease with which farmers can access these resources.

Assets possessed by farmers and their communities in the form of social
networks, shared values, and trust that facilitate coordination and
cooperation for mutual benefit.

Financial resources that are available to farmers, including agricultural
income, access to capital, access to agricultural insurance, and the amount
of savings owned by the farmers.

The level of farmers’ ability to cope with pressures in their farming
activities is measured through three capacities: stabilization capacity,
adaptive capacity, and transformative capacity.

The extent to which farming practices continuously progress toward
improvement, as reflected in the levels of economic, social, and
environmental sustainability.

X1.1 Age

X1.2 Formal
education

X1.3 Non-formal
education

X1.4 Years of farming
experience

X1.5 Climate change
knowledge

X1.6 Belief in climate
change

X1.7 Motivation

X2.1 Relevance of
extension materials
X2.2 Appropriateness
of extension methods
X2.3 Timeliness of
extension services
X2.4 Extension agent
competence

X2.5 Farmer
participation

X2.6 Extension
planning

X2.7 Extension
evaluation

X3.1 Soil fertility
X3.2 Water resources
X3.3 Land area

X4.1 Accessibility of
agricultural facilities
and infrastructure
X4.2 Access to
information
technology

X5.1 Trust

X5.2 Social networks
X5.3 Values or norms
X5.4 Group support
X6.1 Income

X6.2 Access to capital
X6.3 Access to
agricultural insurance
X6.4 Amount savings
Y1.1 Stabilization
capacity

Y1.2 Adaptive
capacity

Y1.3 Transformative
capacity

Y2.1 Economic aspect
Y2.2 Social aspect
Y2.3 Environmental
aspect

The outer loading assessment for the 27 indicators in this study revealed that 25 indicators satisfied the
criteria for convergent validity, exhibiting loading values above 0.60 and statistically significant p-values (p <
0.05) (Figure 3). Outer loadings reflect the strength of the relationship between each observed indicator and
its corresponding latent construct. The discriminant validity test examined the values of Average Variance
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Extracted (AVE) and composite reliability. The results for all variables indicate that AVE values exceed 0.5 and
Composite Reliability values exceed 0.7. This indicates that all constructs predict their associated indicators
better than those in other blocks, confirming that the research instrument meets the criteria for discriminant
validity. In this study, two indicators were removed because they did not meet the composite reliability
threshold of > 0.6. This refers to the criteria that if the composite reliability value is less than 0.6, then the
indicator is removed [36]. The excluded indicators were X1.1 (age) and X2.3 (timeliness of extension services),

resulting in the inner model analysis being conducted using the remaining 25 indicators.
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Figure 3. Outer loading test results.

5 )}l X17

1.1
0751
02898 Y1.2
0765

¥Y1.3

Y.
0882
0743 Y22
0782

11

Y23

JPSL, 15(5) | 910



Results

Characteristics of Respondents

Respondents’ characteristics encompassed several dimensions. By gender, respondents are male (95.98% in
Karawang, 76.65% in Subang) and female (4.02% in Karawang, 23.35% in Subang). In terms of age,
respondents were distributed as follows: 21-37 years old (15.52% in Karawang, 8.63% in Subang), 38—-54
years old (48.85% in Karawang, 39.59% in Subang), 55—71 years old (33.33% in Karawang, 45.69% in Subang),
and 72—-86 years old (2.30% in Karawang, 6.09% in Subang). In terms of formal education, respondents had
the following educational backgrounds: elementary school (36.78% in Karawang, 58.88% in Subang), junior
high school (24.14% in Karawang, 17.77% in Subang), senior high school (36.78% in Karawang, 21.32% in
Subang), and a university degree (2.30% in Karawang, 2.03% in Subang). In terms of non-formal education,
as measured by the number of training programs attended in the past two years, the results show that
respondents fell into the following categories: very low (85.63% in Karawang, 73.10% in Subang) and low
(14.37% in Karawang, 26.90% in Subang). In terms of farming experience, the results show that respondents
had the following number of years of farming: 5—-16 years (54.02% in Karawang, 36.04% in Subang), 17-28
years (28.16% in Karawang, 18.78% in Subang), 29-40 years (16.67% in Karawang, 42.64% in Subang), and
41-50 years (1.15% in Karawang, 2.54% in Subang).

The Influence of Agricultural Extension Services and Livelihood Capitals

Human Capitals

The human capital construct of rice farmers is operationalized through six indicators, including formal and
non-formal education, farming experience, knowledge and belief regarding climate change, and motivation.
The outer model evaluation results for these indicators are summarized in Figure 3. Based on Figure 3, the
outer loading values of the indicators are as follows: formal education (0.674), non-formal education (0.679),
years of farming experience (0.662), climate change knowledge (0.681), belief in climate change (0.833), and
motivation (0.797). These results indicate that all six indicators represent the latent human capital variable.
All indicators positively contribute to the measurement of the human capital construct. Among them, belief
in climate change is the most dominant indicator reflecting the latent variable of human capital.

The human capital of rice farmers in Karawang and Subang reflects diverse conditions. Most farmers have
only completed primary education (48.52%) and demonstrated low participation in training programs,
primarily due to limited access to such opportunities. Nevertheless, farmers in both regions exhibit a high
level of awareness regarding climate change in their areas and its adverse impacts on their farming activities.
This awareness is accompanied by a strong motivation to continue rice farming. These findings suggest that
despite limitations in formal education, farmers possess substantial awareness, understanding, and
motivation to adapt. This strength represents a critical asset for developing participatory extension programs,
which can accelerate adaptive behavioral transformation and strengthen farmers' resilience to climate-
related pressures more effectively. The results of the inner model analysis (Table 3 and Figure 4) indicate that
human capital has a significant influence on both resilience capacity (B = 0.103, p = 0.022) and farm
sustainability levels (B = 0.119, p = 0.008).

Table 3. Results of inner model analysis.

Relation Coefficient path  p-Values Description
Human capitals — Resilience capacity 0.103 0.022* Significant
Human capitals — Farm sustainability level 0.119 0.008* Significant
Agricultural extension implementation — Resilience capacity 0.126 0.013* Significant
Agricultural extension implementation — Farm sustainability level 0.311 0.000* Significant
Natural capital — Resilience capacity 0.235 0.000* Significant
Natural capital - Farm sustainability level 0.159 0.004* Significant
Physical capital — Resilience capacity 0.031 0.568 Not significant
Physical capital - Farm sustainability level 0.196 0.000* Significant
Social capital — Resilience capacity 0.145 0.005* Significant
Social capital — Farm sustainability level 0.127 0.022* Significant
Financial capital — Resilience capacity 0.305 0.000* Significant
Financial capital — Farm sustainability level -0.047 0.416 Not significant
Resilience capacity — Farm sustainability level 0.196 0.000* Significant

http://dx.doi.org/10.29244/jps|.15.5.904 JPSL, 15(5) | 911



X1.2 | X1.3 | | X1.4 ‘ | x1.5»y X1.7
X2 \ DIDD /

ooop 0000 0000 0poo poop

x24 0.000

x25
0103 (0.022)
0.126 (0.013)

Y11
0.000
0119 (0.008) 0.000 1.2
0311 {0.000) —_
0235 (0.000) Y13

X3.2 00 DDK
0.031(0568)
0.000 3

0.159 (0.004 Y.
X3.3 x3 {0.004)
0.000
a 0.145 (0.005) 0.305 (0.000) 0.ooo Y22
0.000 ¥2.3
.
X4 0127 (0.022) -0.047 (0.416)
X2
0.000
0000 X6
0000

0000
X5

5.4 0000 gpop  opop 0000

G| | &
ta P

X6 1 [ X6 2 | | X6.3 | X6 4

Figure 4. Inner model analysis results.

Agricultural Extension Implementation

The agricultural extension implementation construct is operationalized through six indicators, including the
relevance of extension materials, the appropriateness of extension methods, the competence of extension
agents, farmer participation, extension planning, and extension evaluation. The outer model evaluation
results for these indicators are summarized in Figure 3. Figure 3 shows that the latent variable of agricultural
extension implementation is reflected in all of its indicators. All indicators positively contribute to measuring
the agricultural extension implementation construct. The most dominant indicator is the appropriateness of
extension methods, which best represents the agricultural extension implementation variable. The results of
the inner model analysis (Table 3) indicate that the implementation of agricultural extension has a significant
impact on resilience capacity (B = 0.126, p = 0.013) and farm sustainability levels (B = 0.311, p < 0.000).
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Agricultural extension services in Karawang and Subang still rely heavily on government-led initiatives.
Although some extension activities are conducted by the private sector, particularly by fertilizer and pesticide
companies, as well as farmer-to-farmer or self-organized efforts, these remain limited in scale and scope. The
capacity of government extension agents is also constrained, particularly in terms of human resources. Each
sub-district is typically served by only 5 to 7 extension officers, requiring each officer to support 15 to 17
farmer groups, translating to approximately 800 to 900 rice farmers per extension agent. In addition, these
government officers face significant bureaucratic and administrative burdens, with much of their time
consumed by the technical and procedural aspects of government programs. Nevertheless, their presence
remains crucial in the field, particularly in facilitating farmers’ access to agricultural inputs, especially
subsidized fertilizers.

Natural Capital

Natural capital construct is operationalized through three indicators, including soil fertility, water resources,
and land area. The outer model evaluation results for these indicators are summarized in Figure 3. Figure 3
shows that the latent variable of natural capital is reflected in all its indicators. All indicators positively
contribute to the measurement of natural capital construction. The most dominant indicator is soil fertility,
which best represents the natural capital variable.

The natural capital of rice farmers in Karawang and Subang is notably limited, as indicated by low soil fertility,
difficult access to water resources, and very small landholdings, where all farmers cultivate less than two
hectares, with the majority farming on plots smaller than one hectare. These three indicators reflect a weak
ecological foundation underpinning the rice farming system, which significantly constrains farmers' adaptive
capacity to climate change. Such limitations not only hinder productivity but also reduce the ability of farmers
to invest in sustainable agricultural practices. Therefore, efforts to enhance farmers' climate resilience must
be accompanied by improvements in the structure of natural capital through programs aimed at restoring
soil fertility, expanding equitable access to irrigation infrastructure, and implementing land governance
policies that promote farm consolidation and land-use efficiency. The results of the inner model analysis
(Table 3 and Figure 4) show that natural capital exhibits significant effects on resilience capacity (B = 0.235,
p < 0.000) and farm sustainability levels (B = 0.159, p < 0.004).

Physical Capital

Physical capital construct is operationalized through two indicators, including accessibility of agricultural
facilities and infrastructure, and access to information technology. The outer model evaluation results for
these indicators are summarized in Figure 3. Figure 3 shows that the latent variable of physical capital is
reflected in all its indicators. All indicators positively contribute to the measurement of physical capital
construction. The most dominant indicator is access to information technology, which best represents the
physical capital variable.

One of the key physical infrastructures available to farmers is the irrigation system. Karawang and Subang
are served by three major irrigation canals, Tarum Utara, Tarum Tengah, and Tarum Barat, which supply
water to rice fields and fishponds and contribute to electricity generation. However, some of the irrigation
facilities in the study areas have begun to deteriorate, exacerbating conditions during the dry season, when
many rice fields experience drought. In contrast, post-harvest facilities such as rice mills managed by local
communities are relatively well-established and easily accessible to farmers. Beyond reliable irrigation,
another critical physical asset farmers need is water pumps, which help channel water to the fields during
dry periods. The results of the inner model analysis (Table 3 and Figure 4) show that physical capital does not
significantly influence resilience capacity (B = 0.031, p = 0.568) but significantly affects farm sustainability
levels (B = 0.196, p < 0.000).

Social Capital

The social capital construct is operationalized through four indicators, including trust, social networks, values
or norms, and group support. The outer model evaluation results for these indicators are summarized in
Figure 3. Figure 3 shows that the latent variable of social capital is reflected in all its indicators. All indicators
positively contribute to the measurement of social capital construction. The most dominant indicator is
values or norms, which best represent the social capital variable.

Farmers’ social capital is categorized as high, as reflected in the strong networks of trust, solidarity, and
cooperation among farmers in agricultural and broader community activities. Farmers in Karawang and
Subang actively participate in farmer groups, informal savings groups (arisan), religious events, and mutual
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aid (gotong royong), all of which serve as vital social support mechanisms in managing climate-related risks
and uncertainties in agricultural yields. This social capital also enhances farmers’ collective capacity to access
agricultural information, technologies, and external support such as subsidies, crop insurance, and extension
programs. Furthermore, trusted informal leaders within the community facilitate collective decision-making
and joint management of shared resources. These findings indicate that substantial social capital plays a
crucial role in strengthening farmers’ adaptive resilience to climate change pressures; therefore, it should be
integrated into the design of community-based agricultural development interventions. The results of the
inner model analysis (Table 3 and Figure 4) show that social capital shows significant positive relationships
with both resilience capacity (B = 0.145, p = 0.005) and farm sustainability levels (B = 0.127, p = 0.022).

Financial Capital

Financial capital construct is operationalized through four indicators, including income, access to capital,
access to agricultural insurance, and amount of savings. The outer model evaluation results for these
indicators are summarized in Figure 3. Figure 3 shows that the latent variable of financial capital is reflected
in all its indicators. All indicators positively contribute to the measurement of financial capital construction.
The most dominant indicator is the amount of savings and income, which best represents the financial capital
variable.

The average income of farmers in the study area was IDR 3,360,692, which falls into the high-income category
based on the income classification used by the Indonesian government. This income includes not only on-
farm earnings but also off-farm and non-farm sources. Access to banking institutions is relatively good, with
49% of respondents reporting ease in obtaining loans from formal financial institutions. However, around
51% of farmers remain dependent on informal sources, such as loans from family members and local
moneylenders, to support their livelihoods. The results of the inner model analysis (Table 3 and Figure 4)
show that financial capital significantly influences resilience capacity (B = 0.305, p < 0.000), but its impact on
farm sustainability levels is not significant (B = —0.047, p = 0.416).

Resilience Capacity

The resilience capacity construct is operationalized through three indicators, including stabilization capacity,
adaptive capacity, and transformative capacity. The outer model evaluation results for these indicators are
summarized in Figure 3. Figure 3 shows that the latent variable of resilience capacity is reflected in all its
indicators. All indicators positively contribute to the measurement of resilience capacity construction. The
most dominant indicator is adaptive capacity, which best represents the resilience capacity variable.

Figure 5 shows the level of rice farmers' resilience capacity in Karawang and Subang District. An analysis of
the resilience capacities of rice farmers in Karawang and Subang reveals that stabilization capacity is the
highest (50.3), followed by adaptive capacity (35.89), with transformative capacity being the lowest (24). This
pattern suggests that farmers can maintain their farming practices under short-term climatic stress but face
limitations in adjusting their strategies or initiating the structural changes necessary for long-term resilience.
The low adaptive and transformative capacities reflect limited access to information, technology, and
institutional support. Without strengthening these dimensions, farmer resilience will remain reactive and
unsustainable. Therefore, policy interventions should focus on enhancing the effectiveness of agricultural
extension services, providing climate-adaptive technologies, and empowering local institutions to support a
more resilient and transformative agricultural system. The results of the inner model analysis (Table 3 and
Figure 4) indicate that resilience capacity has a significant influence on the level of farm sustainability (B =
0.196, p < 0.000).

Transformative capacity 24

Adaptive capacity 35.89

Stabilization capacity 50.3

0 10 20 30 40 50 60

Figure 5. The level of rice farmers' resilience capacity in Karawang and Subang District.
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Farm Sustainability Level

The farm sustainability construct is operationalized through three indicators: the economic aspect, the social
aspect, and the environmental aspect. The outer model evaluation results for these indicators are
summarized in Figure 3. Figure 3 shows that the latent variable of farm sustainability level is reflected in all
its indicators. All indicators positively contribute to the measurement of the farm sustainability level of
construction. The most dominant indicator is the economic aspect, which best represents the level of farm
sustainability.

The sustainability assessment of rice farming in Karawang and Subang reveals a critical imbalance across
three key economic, social, and environmental dimensions (Figure 6). The data indicate that most farms fall
into the moderate sustainability category, particularly in the social (82.75%) and economic (42.33%) domains,
while the environmental aspect is significantly underperforming, with 60.11% of farms categorized as having
low sustainability. High or very high sustainability remains virtually absent in all dimensions.

0%
Very high sustainability 0%
0%
0.81%
High sustainability 8.89%
| 4.85%
39.08%
Moderate sustainability 82.75%
42.33%
60.11%
Low sustainability 8.36%
52.83%
0 20 40 60 80 100
Environmental Aspect Social Aspect B Economic Aspect

Figure 6. The level of farm sustainability in Karawang and Subang District.

Model Quality Indicators

The structural model quality in this study was evaluated using R-squared (R?), adjusted R-squared, Q-squared
(Q?), the goodness of fit index (GoF), and the standardized root mean square residual (SRMR). The results of
the model quality assessment are presented in Table 4.

Table 4. Results of the structural model quality analysis.

Model quality indicators Criteria Results Description
R Square Category: 0.33-0.66 (Moderate) 0.625 Moderate
R Square adjusted Category: 0.33-0.66 (Moderate) 0.618 Moderate
Q Square 0 = Low predictive relevance, 0.25 = Moderate 0.310 Moderate
predictive relevance, 0.50 = High predictive
relevance.
Index goodness of fit (GoF) 0.10 = Small (low) GoF, 0.25 = Medium GoF, 0.36 = 0.491 High
Large (high) GoF.
Standardized root mean <0.08 (the model demonstrates a good fit), > 0.08 0.06 Good
square residual (SRMR) (the model demonstrates a poor fit).
Varian Inflation Factor (VIF) <5 =There is no indication of multicollinearity. 1.35-2.88 Thereis no

multicollinearity

The R? value was 0.625, and the adjusted R? was 0.618, indicating that 62.5% of the variance in resilience
capacity and farm sustainability can be explained by the model, with a slight adjustment to 61.8% after
accounting for the number of independent variables and the sample size. The Q2 value was 0.310, suggesting
the model can explain 31% of the variance in unobserved data. This value reflects the model's relatively good
predictive relevance. The GoF index indicates how well the measurement and structural models fit the overall
data, thereby assisting in assessing the model's suitability. The results show a GoF value of 0.491, which falls
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into the high category, suggesting that the model provides an excellent fit. The SRMR value was 0.06, below
the recommended threshold of 0.08, indicating that the model demonstrates a good fit. Multicollinearity
testing used the Variance Inflation Factor (VIF) on all exogenous constructs in the structural model. The
analysis showed that all VIF values ranged from 1.35 to 2.88, below the threshold value of 5. This indicates
no significant multicollinearity problem and that each exogenous variable contributes independently to the
endogenous variables.

Importance-Performance Map Analysis (IPMA) For Resilience Capacity

The results of the Importance-Performance Map Analysis (IPMA) (Figure 7) indicate that financial capital
(X6) holds the highest level of importance (total effects = 0.28) but exhibits the lowest performance score
(20). This suggests that although financial capital is critical in strengthening farmers' resilience capacity, its
implementation remains inadequate and should be prioritized in future policy interventions. Natural capital
(X3) ranks second in importance (0.24). However, its performance score remains below average (38),
emphasizing the need to enhance access to and management of natural resources that support farmers'
adaptive capacity.

Agricultural extension implementation (X2) demonstrates an average performance score (40) with a
moderate level of importance (0.14), positioning it as a relatively important factor that has begun to be
optimized, yet still requires improvement to increase its overall impact. In contrast, human capital (X1) shows
a similar level of importance (0.13) but a lower performance score (35), indicating a need to further
strengthen individual farmer capacity and education. On the other hand, social capital (X5) and physical
capital (X4) achieve the highest performance scores (55 and 53, respectively), yet their importance scores are
relatively low (0.13 and 0.08). This implies that while these two dimensions are well implemented in practice,
their overall contribution to resilience is less significant than that of others. Therefore, resource allocation
and program focus should be adjusted to strengthen dimensions with high importance but low performance,
particularly financial capital, natural capital, and the effectiveness of agricultural extension services.

55 . @ X1 Human Capital
X2 Agricultural Extension Implementation
50 A ¥3 Natural Capital
X4 Physical Capital
g % @ x5 social capital
—
| W X6 Financial Capital
% 40
< A
£
£ 3 @
[0}
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30
25
» A
0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275

Importance (Total Effect)

Figure 7. IPMA analysis results.

Discussion

The results of the inner model analysis show that five out of six independent variables tested have a positive
and significant influence on farmers’ resilience capacity. These variables are human capital, agricultural
extension implementation, natural, social, and financial capital. The results of the inner model analysis also
show that five out of six independent variables tested have a positive and significant influence on the farm
sustainability level. These variables are human capital, agricultural extension implementation, natural, social,
and physical capital. The positive and significant effect of human capital on farmers’ resilience and farm
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sustainability level indicates that improvements in farmers’ knowledge, skills, and education can strengthen
their ability to respond to climate pressures while enhancing productivity and the sustainability of agricultural
systems. This finding is consistent with Abid et al. [37], who emphasize the importance of farmers’ capacity
to make adaptive decisions. Numerous previous studies have confirmed that their social and economic
conditions strongly influence individual perceptions of climate change and corresponding adaptation
strategies. For example, Chimi et al. [38] found that education significantly influences farmers’ perceptions
of climate change. Likewise, farmers’ beliefs about climate change shape their perceptions and influence
their adaptive actions in response to climate-related challenges [39].

Agricultural extension implementation shows a positive and significant effect on both resilience capacity and
farm sustainability level, with the highest path coefficient among all the variables. This indicates that the
effectiveness of extension services is crucial in promoting adaptive and long-term-oriented agricultural
practices. This finding is consistent with several previous studies that emphasize the critical role of
agricultural extension in enhancing farmers’ resilience. Access to extension services has been shown to
influence the level of livelihood vulnerability among farmers significantly [40]. Antwi-Agyei and Stringer [41]
highlighted the crucial role of agricultural extension in supporting farmers to cope with the challenges of
climate change. Baffour-Ata et al. [42] also indicates that agricultural extension contributes significantly to
increasing income and reducing food insecurity among smallholder farmers. However, as is the case in many
developing countries, agricultural extension in Indonesia continues to face several challenges, including
limited funding, regulatory uncertainty, inadequate human resource capacity among extension workers, and
weak inter-agency coordination in extension delivery.

These issues have resulted in the low effectiveness of extension services in reaching smallholder farmers,
limited dissemination of science- and technology-based information, and slow adoption of adaptive
innovations at the field level. These challenges have become even more critical in the context of climate
change, which demands that agricultural extension systems be more adaptive, responsive, and context-
specific. The study by Birner et al. [43] emphasizes that the effectiveness of agricultural extension services
largely depends on how the system is comprehensively designed. Extension systems must be tailored to local,
institutional, and farmer-specific contexts rather than replicating successful practices elsewhere. This
perspective is highly relevant in Indonesia, a country characterized by vast geographic, social, and economic
diversity. Such diversity calls for a flexible and context-specific extension model to effectively enhance
farmers’ resilience to climate change.

Natural capital also positively and significantly affects resilience capacity and farm sustainability. This
indicates that access to adequate natural resources such as water, fertile soil, and sufficient land is critical for
building resilient agricultural systems. The degradation of natural resources directly affects farmers’ ability
to cope with climate change. This finding is consistent with previous studies, which have shown that the
condition and accessibility of natural capital, particularly water, play a crucial role in shaping farmers’
resilience to climate pressures and serve as a key pillar of rice farming sustainability in climate-vulnerable
regions [44].

Social capital also positively and significantly affects resilience capacity and the farm sustainability level. This
finding suggests that social networks, trust, and collaboration among farmers are essential resources for
strengthening adaptive and sustainable agricultural systems. Previous studies have also highlighted that
social capital is fundamental in building resilience and farm sustainability, particularly by strengthening
farmer organizations. Social capital fosters collaboration, information sharing, and collective decision-making
that support the continuity of agricultural production amid climate and market pressures [45].

Financial capital makes a substantial contribution to resilience capacity but does not have a significant effect
on farm sustainability. This reflects that while the availability of funds or access to financial resources can be
key in addressing short-term risks, it is insufficient to ensure long-term sustainability without transforming
farming practices. The study by Tanti et al. [46] highlights that financial capital, particularly subsidies and
agricultural credit, is crucial for enhancing farmers’ adaptive capacity and resilience to climate change.
Without adequate financial support, farmers face significant barriers in adopting the innovations needed to
maintain productivity and the resilience of their farming systems. A study by Hendrawan et al. [47] also found
that the most vulnerable group of farmers was those with extremely low levels of financial capital.

The academic literature generally agrees that access to financial capital enhances smallholder farmers'
capacity to withstand shocks, enabling them to purchase emergency inputs, finance replanting after a crop
failure, pursue alternative income sources, or adopt adaptive technologies. However, financial capital does
not necessarily significantly impact farm sustainability. This may be because increased financial capital can
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lead to production intensification or land expansion, which, if not properly regulated, may compromise
environmental sustainability. A theoretical study by Guthrie [48] suggests that access to credit or pressure to
meet income targets can drive farmers to maximize short-term returns (e.g., through excessive use of
fertilizers, pesticides, or land clearing) at the expense of soil health and environmental preservation. This
condition is called the “debt overhang” problem, where debt burdens lead to short-term decision-making in
farm management.

Physical capital shows a contrasting result. Its effect on resilience capacity is not significant, but it significantly
influences farm sustainability. This finding suggests that infrastructure and agricultural tools play a greater
role in enhancing long-term efficiency and productivity in farming rather than directly supporting immediate
responses to climate-related pressures. Several empirical studies examining farmers' resilience to climate
change have shown that the impact of physical capital is statistically insignificant. For example, Awazi et al.
[49] investigated 350 smallholder farming households in the highlands of Cameroon to assess how different
livelihood assets affect climate resilience. The survey results indicated that improvements in physical assets,
such as ownership of irrigation infrastructure or other facilities, did not automatically enhance farmers'
resilience to climate impacts. Instead, intangible factors such as knowledge (human capital) and networks or
institutions (social capital) were found to play a more critical role in strengthening farmers' resilience. A study
conducted in the Jianghan Plain, China, examined the adoption of climate-smart agricultural practices among
rice farmers and found no significant effect of physical capital on farmers’ climate resilience [50].

Resilience capacity has a significant effect on the level of farm sustainability. This finding confirms that
resilience is not only a tool for adaptation but also serves as a foundation for transforming agricultural
systems toward greater sustainability. It supports previous research suggesting that resilience-based
approaches should be developed within a broader and more systemic agricultural development framework
[51,52]. The IPMA results on farmers' resilience capacity reveal that financial capital holds the highest
importance but the lowest performance, indicating an urgent need to improve farmers' access to inclusive
and adaptive financial services. Natural capital also shows high importance with moderate performance,
underscoring the need for sustainable protection and management of natural resources. In contrast, social
and physical capital demonstrate high performance but moderate contributions to resilience, suggesting they
should be maintained while further optimizing their role in collective adaptation strategies. Agricultural
extension implementation and human capital are positioned at moderate levels in both importance and
performance, yet still require improvements in quality and coverage to enhance their impact.

Therefore, climate adaptation policies in the agricultural sector should prioritize strengthening farmers'
access to finance, improving natural resource governance, and promoting extension models that are
responsive to farmers' varying capacities and needs. A resilience-building model that integrates human,
social, natural, physical, and financial capital can serve as a foundation for enhancing farmers' resilience to
climate change. Adaptive and pluralistic agricultural extension, which integrates diverse knowledge sources
and aligns approaches with local contexts, can enhance farmers' resilience. These findings highlight the need
to transform extension approaches from linear and standardized models to pluralistic systems grounded in
sustainable livelihoods, collaboration, and behaviour change that is context-specific (best fit) and dynamic.
Although this research was conducted in two districts in West Java, its conceptual approach and key findings
can be transferred to other regions in Indonesia with similar agroecological characteristics and agricultural
structures. However, further studies in various local contexts are needed to ensure stronger external validity.

Conclusions

This study concludes that agricultural extension services, alongside livelihood capitals, particularly human,
natural, social, and financial, play a critical role in shaping the resilience capacity of rice farmers to climate
change in West Java. Based on the findings of this study, it is necessary to develop more adaptive and
contextual agricultural extension policies to address changing climate pressures. The government and
stakeholders need to develop a pluralistic extension model, involving various actors such as government
extension workers, pioneering farmers, non-governmental organisations, and the private sector, with an
approach based on local needs and oriented towards increasing farmer resilience. Extension programs also
need to integrate climate information services, participatory learning, and strengthen the institutional
capacity of farmer groups. Furthermore, expanding access to inclusive financial services is a key priority, such
as developing weather-based agricultural insurance and adaptive credit schemes that support climate-
friendly innovations.
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In terms of natural resources, increasing access to irrigation water, land rehabilitation, and reforming more
equitable land governance will be crucial for the success of agricultural businesses amidst climate change.
Therefore, future agricultural development strategies need to be integrated, combining interventions across
technical, institutional, and socio-ecological aspects to strengthen the resilience of the agricultural system as
a whole. The research expands the understanding of resilience capacity theory by emphasising that farmer
resilience to climate change is not merely a personal attribute or individual adaptive capacity, but rather the
result of complex interactions between farmers' institutional, structural, and livelihood capital factors. This
study has limitations. It was conducted in only two districts in West Java and focused on rice farmers, so the
results may not be fully generalizable to other commodities or regions. Further research is recommended,
including cross-regional comparative studies with different agrarian typologies. Integrating qualitative
approaches is also crucial to deepen understanding of the institutional and behavioural aspects of building
farmer resilience to climate change.
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