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Table (3) Prioritization of sub-criteria based on the limit supermatrix
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Table (4) Prioritization of criteria based on the limit supermatrix (criteria weights)
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Extended Abstract

Introduction

Tea is one of Iran’s most strategic perennial crops and plays a vital role in supporting
rural livelihoods, employment generation, and regional economic development,
particularly in Gilan Province where the majority of domestic tea production is
concentrated. However, the sustainability of the tea production chain has become
increasingly threatened by climate variability, including fluctuations in precipitation,
rising temperatures, prolonged droughts, and the increasing frequency of extreme
weather events. These climatic disturbances affect not only tea cultivation and leaf
yield but also raw material quality, processing efficiency, production costs, market
competitiveness, and the overall resilience of the supply chain. At the same time,
economic pressures, quality requirements, and managerial inefficiencies further
intensify the vulnerability of tea producers and processing industries. Consequently,
developing an integrated understanding of the factors affecting the tea production
chain has become essential for designing effective adaptation strategies and ensuring
long-term sustainability.

Previous studies have mainly focused on isolated aspects of tea production,
including land suitability assessment, climate impacts on yield, adaptation behavior
of farmers, or market policies. Although these investigations have contributed
valuable insights, they have generally overlooked the complex interrelationships
among climatic, economic, managerial, and quality-related dimensions that
collectively determine the performance of the tea production chain. Addressing this
research gap requires a comprehensive multi-criteria decision-making framework
capable of simultaneously evaluating these interconnected factors. Therefore, this
study employs the Analytic Network Process (ANP) to prioritize the critical
determinants affecting the sustainability of Iran’s tea production chain under climate
variability. The principal innovation of this research lies in integrating climatic,
economic, quality, and managerial criteria within a network-based analytical
framework that explicitly considers interdependencies among decision variables,
thereby providing a more realistic basis for strategic planning and policy
formulation.
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Materials and Methods

This study was conducted as an applied research using a descriptive-survey and
analytical approach to evaluate the sustainability of Iran's tea production chain under
climate variability conditions. The study area comprised Gilan Province, the primary
tea-producing region of Iran, where tea cultivation, processing industries, and
associated supply chain activities are geographically concentrated. The statistical
population consisted of tea growers and tea processing factories actively engaged in
tea production. A stratified sampling technique was adopted to ensure appropriate
representation of different stakeholder groups within the production chain. Based on
Cochran’s sampling formula with a 95% confidence level and a 5% margin of error,
a total sample of 253 respondents was selected.

The analytical framework was developed using the Analytic Network Process
(ANP), which enables simultaneous consideration of complex interactions and
feedback relationships among multiple decision criteria. Initially, relevant
evaluation criteria and sub-criteria were identified through an extensive review of
the scientific literature and consultation with experts using the Delphi technique.
Four principal criteria were established, namely climatic, economic, quality, and
managerial dimensions, encompassing twenty-three operational sub-criteria
reflecting different aspects of tea production sustainability. Pairwise comparison
guestionnaires based on Saaty’s nine-point scale were then designed and completed
by respondents to assess the relative importance of each criterion. Consistency ratios
were evaluated to ensure the reliability of expert judgments before constructing the
initial, weighted, and limit supermatrices. Final priority weights for all criteria and
sub-criteria were calculated using Super Decisions software, while Microsoft Excel
was employed for data organization and supplementary analyses.

Results and Discussion

The findings demonstrate that climatic factors constitute the most influential
dimension affecting the sustainability of Iran's tea production chain, confirming that
climate variability has become the dominant source of uncertainty for tea production
systems. Among the four principal criteria, the climatic dimension achieved the
highest priority weight, followed respectively by economic, quality, and managerial
criteria. This ranking indicates that although economic performance and
management practices remain important, the long-term viability of tea production is
fundamentally conditioned by climatic stability and the capacity of producers to
adapt to changing environmental conditions.

At the sub-criteria level, precipitation emerged as the highest-ranked factor,
highlighting the strong dependence of tea cultivation on reliable rainfall patterns.
Variability in precipitation directly influences plant growth, leaf development,
nutrient availability, and soil moisture, ultimately determining both yield quantity
and leaf quality. Temperature ranked as the second most influential climatic
component, reflecting its significant effects on physiological growth, harvesting
periods, and processing characteristics. Production costs represented the most



important economic determinant, indicating that increasing input prices, labor costs,
and energy expenditures substantially influence farmers' profitability and resilience.
Within the quality dimension, harvested tea leaf quality received the highest priority
because it directly affects processing efficiency, market acceptance, and product
competitiveness. Among managerial variables, farmer training and awareness
programs were identified as the most influential factor, emphasizing the importance
of knowledge transfer, technical extension services, and climate adaptation capacity
for strengthening supply chain resilience.

The interaction among these criteria reveals that sustainable development of the tea
sector cannot rely solely on technological improvements or financial support.
Instead, effective adaptation requires simultaneous enhancement of climate
resilience, production efficiency, product quality, and institutional capacity. The
superiority of precipitation and production cost over other variables further indicates
that environmental risks and economic vulnerability are closely interconnected
within the tea production system. These findings are generally consistent with
previous international studies reporting that rainfall variability, temperature
fluctuations, and production management significantly influence tea productivity.
However, unlike earlier research that examined individual components separately,
the present study demonstrates how multiple dimensions collectively shape supply
chain sustainability through interconnected relationships.

Suggestions

Based on the findings, policymakers should prioritize climate adaptation measures
by improving water resource management, promoting efficient irrigation systems,
and strengthening climate monitoring and early warning services in tea-growing
regions. Extension programs should focus on continuous training for farmers and
processing personnel regarding climate-smart agricultural practices, sustainable
production technologies, and quality management techniques. Financial support
mechanisms aimed at reducing production costs and facilitating access to modern
technologies can further enhance producers' resilience under climate variability.
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