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A

This study develops a typology of climate changmetability among smallholder
farmers and derives targeted policy implicationise Btatistical population consisted
of pistachio farmers in Yazd Province, and a sangie of 314 farmers was
determined using Cochran’s formula and selectedutir stratlfled random
sampling. Data were collected using a questlonnmhfese \% |d|tyQ§’nd reliability
were confirmed. The data were analyzed usmg a{kﬁ t analysis to
identify the key dimensions of vulnerab|I| SIS to classify farmers
based on their vulnerability patter s e pr|nC|paI component analysis
identified a set of gpwro ouoeconmfmdors including climatic
stresses, we \Q% gLaﬁe ds, blotlc stre€s@sstraints on resources, inputs,
nc@tu production, human capital, finahgiesources, social capital, and
%@to infrastructure and services. The clumtatysis revealed three distinct
vulnerability clusters among the farmers. The fitsister accounted for 32.6% of the
sample and was characterized by high adaptive dgpand low exposure,
representing a low-vulnerability pattern. The setatuster, comprising 42.0% of
the sample, was the largest group and was chadeby high vulnerability and
low adaptive capacity. The third cluster accounted 25.4% of the sample and
represented an intermediate level of vulnerabdity adaptive capacity. Overall, the
findings demonstrate considerable heterogeneityumerability patterns among
smallholder pistachio farmers in Yazd Province highlight the need to account for
differences among farmer groups when designingigsliand interventions aimed at

reducing vulnerability and strengthening adaptiapacity to climate change.
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EXTENDED ABSTRACT

INTRODUCTION

Climate change has emerged as one of the mostatrifiobal challenges, posing a serious threat to
the sustainability of agricultural systems, pafcdy in arid and semi-arid regions. Rising
temperatures, declining precipitation, and theaasing frequency of extreme climate events have
significantly undermined food security and the liilveods of smallholder farmers, who generally
possess limited adaptive capacity. In Iran, climatiidence indicates a continuing trend of incragsi
temperatures, diminishing water resources, anchsifigng environmental stresses, all of which have
had growing adverse effects on agricultural prodactespecially strategic crops. Among the most
vulnerable regions, Yazd Province is highly expodeé to its arid climate and strong economic
dependence on pistachio cultivation. Climate chahge led to declining yields, reduced product
quality, and increased production risks in pistaamichards. Despite the crucial role of smallholder
farmers in ensuring food security and sustainiag't pistachio exports, previous studies have liarge
focused on macro-level assessments while overlgogiructural differences among farmer groups.
Therefore, this study adopts a vulnerability tyggloapproach to identify distinct vulnerability
patterns among smallholder pistachio farmers in dY&ovince, providing an evidence-based
foundation for developing targeted, equitable, effective climate change adaptation policies.

DATA AND METHODOLOGY

This applied, quantitative, cross-sectional, anscdptive study was conducted in 2026 to develop a
typology of vulnerability patterns among smallholgéstachio farmers facing climate change in Yazd
Province, Iran. The study population consisted @628 smallholder orchard owne;§2(ha) Using
Cochran’s formula, a sample of 314 farmers wasctadethrough Multistage sampling. Data were
collected using a structured questionnaire basedhenExposure—SensitivityxAGaptive Capacity
(ESA) framework, with indicators categorized mtnveonmer@;g;j@c@ %éonomlc dimensions.
The questionnaire's face validity and reliabilitere confir data collection. Data analysis
was conducted in two stages. First, Principal C h&/& (PCA) was employed to identify the
key dimensions of vulnerability anq: redué%th%r&@h‘ variables. Subsequently, hierarchical cluster
analysis followed by the K-m rithm-was mgplto classify farmers into homogeneous
vulnerability gr Ice a,mong the ideatifclusters were examined using one-way analysis
of variance (AN& kstatistical analyses weyerformed using SPSS version 21.

RESULTS AND DISCUSSION

To identify homogeneous vulnerability patterns,téacscores derived from three environmental
dimensions (climatic stresses, biotic stresses, vagather-related hazards) and six socio-economic
dimensions (constraints on resources, inputs, agwcudtural production, human capital and
household demographic structure, financial res@uacel economic resilience, access to infrastructure
and support services, access to welfare and heatifices, and social capital and institutional supp
were used as input variables for cluster analydisrarchical cluster analysis first identified tare
optimal clusters, after which the K-means algoritivas applied to classify farmers into their final
groups. The resulting cluster centers indicated #wch group exhibited a distinct pattern of
environmental, social, and economic vulnerabilyrthermore, the results of the one-way analysis of
variance (ANOVA) revealed statistically significadifferences among the three clusters across all
vulnerability dimensions (Table 1). These findirmgmfirm the heterogeneous nature of vulnerability
among smallholder farmers and highlight the needdffferentiated adaptation strategies tailored to
the characteristics of each vulnerability group.



A (] diS B0 gl )l (gl Ll all oo 26 ol 5l SS9 Cgo asud o
el 0ylods g 1,6 9w

Table 1. Results of the One-Way Analysis of Variaree(ANOVA)

Cluster Error

Factor Mean df Mean df f p

Square Square
Climatic Stresse 87.42° 2 0.44¢ 311 196.81° 0.00(
Weather-Related Hazards 105.258 2 0.330 311 319.420.000
Biotic Stresses 101.055 2 0.357 311 283.419 0.000
Constraints on resources, inputs, and agricultural 100.733 2 0.359 311 280.884 0.000
production
Human Capital and Household Demographic 110.110 2 0.298 311 369.086 0.000
Structure
Financial Resources and Household Economic ~ 94.154 2 0.401 311 234.835 0.000
Resilience
Access to Infrastructure and Support Services wig 2 0.287 311 389.462 0.000
Access to Welfare and Health Services 111.878 2 870.2 311 389.881 0.000
Social Capital and Institutional Supg 104.16! 2 0.337 311 309.50: 0.00(

Cluster analysis identified three distinct vulnéligbpatterns among smallholder farmers. Cluster 1
(32.6 %) consisted of resilient farmers with thevdst level of vulnerability, characterized by lower
exposure to environmental stresses and strong hurfi@ancial, social, infrastructural, and
institutional capital, resulting in the highest ptige capacity. For this group, adaptation policies
should focus on maintaining and strengthening ieggie through capaC| aﬁgmg programs,
agricultural insurance, and enhanced support nésvoCluster 2 ( O sented the most
vulnerable farmers, experiencing the highest Ieoélsnwron nta st@ S and production constraints
while exhibiting the lowest adaptive capacity. group should be prioritized in
adaptation and support policies. Clusgzgr 3@( % a moderate level of vulnerability,
suggesting that targeted mvestm urces, infrastructure, and institutional support
could prevent furtIEer vul er@ and famhtatlae transition of these farmers toward greater
resilience. The nderécore the impoeaoictailoring climate adaptation policies to the
specific vulner y profiles of different farmgroups (Figure 1).

Clusterl

254 1326
cluster2
42 Cluster3

Figure 1. Number of Observations in Each Cluster

CONCLUSION

This study demonstrates that the vulnerability ofakholder farmers to climate change is a
multidimensional and heterogeneous phenomenongcdtidg that a one-size-fits-all approach to
adaptation policy is unlikely to be effective. Thenerability typology identified three distinctrfaer
groups, each characterized by different combinatiof environmental exposure and adaptive
capacity, thereby requiring tailored adaptatiomtsygies. The findings further reveal that enhancing
farmers' resilience depends not only on reducingosure to climate-related hazards but also on
strengthening human, financial, social, institudipnand infrastructural capital. Therefore, the
effectiveness of climate change adaptation polioédigs on shifting from generalized interventions
toward evidence-based, targeted, and context-spetifitegies that address the unique charactayisti
and needs of each vulnerability group. Such anaggbr can improve the efficiency of resource
allocation, enhance farmers' adaptive capacity, @mribute to the long-term sustainability and
resilience of agricultural systems.
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