Creative Economics and New Business Management Approaches |
Volume 4, Issue 1, Feb 2025, PP 35-57 —
www.bmjournal.ir  ISSN: 3060-5962 d

Evaluating the Resilience of Agricultural Supply Chains Against
Environmental Uncertainties: Evidence from the Tea and Rice
Industries of East Gilan

Fatemeh Alipour!

'Department of Accounting and Management, RoA.C., Islamic Azad University, Roudsar, Iran

Abstract: The escalating frequency and severity of environmental uncertainties, primarily
driven by anthropogenic climate change and ecological degradation, have introduced
unprecedented vulnerabilities into global agricultural systems, necessitating a paradigm shift
toward structurally resilient supply chain architectures. This comprehensive empirical study
meticulously evaluates the resilience of agricultural supply chains operating under the
continuous threat of stochastic environmental disruptions, with a specific, highly
contextualized focus on the historically significant and economically vital tea and rice
industries of the East Gilan province. Recognizing the profound socio-economic reliance of
this region on these specific agronomic outputs, the research investigates the complex interplay
between environmental unpredictability—including erratic precipitation patterns, extreme
temperature fluctuations, and hydrological scarcities—and the operational endurance of local
agricultural networks. By deploying a rigorous, quantitative research methodology anchored
in a structured questionnaire distributed among key supply chain stakeholders, farmers, and
distributors throughout East Gilan in the year 2024, the study systematically quantifies the
specific dimensions of vulnerability and the adaptive capacities inherent within these
traditional agricultural matrices. The empirical analysis is designed to elucidate the critical
factors that dictate supply chain resilience, focusing heavily on operational flexibility, strategic
resource buffering, and the emergent role of digital capabilities in mitigating agronomic risks.
Ultimately, this extensive academic inquiry seeks to bridge the critical gap between theoretical
supply chain resilience frameworks and practical, localized agricultural realities, providing a
robust, data-driven strategic blueprint for agrifood practitioners, regional policymakers, and
agricultural cooperatives striving to fortify food security, sustain rural livelihoods, and
navigate the compounding complexities of an increasingly volatile environmental landscape.
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I. Introduction

The structural integrity and operational continuity of the global agrifood sector
represent the most fundamental prerequisites for human survival and socioeconomic stability,
yet this critical infrastructure is currently navigating an era of profound and compounding
volatility. Historically optimized for maximum efficiency, cost reduction, and streamlined
logistics under stable climatic conditions, contemporary agricultural supply chains are now
encountering severe structural limitations when exposed to the paradigm-shifting realities of
environmental degradation and climate change. The conceptual transition toward resilient
agriculture value chains is no longer merely an academic exercise but a critical operational
imperative dictated by an increasingly erratic biosphere (Dong, 2021). Environmental
uncertainties—manifesting as prolonged droughts, sudden hydrological shocks, extreme
temperature anomalies, and the accelerated proliferation of agronomic pests—have
fundamentally altered the fundamental calculus of agricultural production and distribution.
These ecological disruptions are not isolated incidents but represent systemic risks that cascade
rapidly through highly interconnected supply chain nodes, compromising food security from
the primary locus of cultivation to the terminal point of consumer access. Academic discourse
has increasingly emphasized that navigating these complexities requires moving beyond
reactive crisis management towards the proactive design of food supply chain resilience against
environmental shocks, fundamentally restructuring how agricultural networks absorb, adapt to,
and recover from profound ecological disturbances (Davis, Downs, & Gephart, 2021). The
management of these supply chains is further complicated by the inherent biological nature of
the products, strict perishability constraints, and the immense geographical dispersion of
primary producers, which collectively amplify the perceived environmental uncertainty across
the entire agrifood spectrum (Yanes-Estévez, Ramon Oreja-Rodriguez, & Garcia-Pérez, 2010).

Addressing this critical vulnerability necessitates a highly localized and context-
specific investigation into how regional agricultural economies interpret and respond to these
escalating ecological threats. The East Gilan province, characterized by its unique
topographical and climatic parameters, serves as an exceptionally pertinent geographical locus
for this empirical inquiry. For centuries, the economic foundation and cultural identity of East
Gilan have been inextricably bound to the large-scale cultivation of tea and rice, two crop
varieties that are notoriously hyper-sensitive to specific microclimatic conditions and precise
hydrological cycles. Despite their historical resilience, these traditional agricultural sectors are

currently confronting severe, unprecedented environmental pressures. Alterations in the
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Caspian precipitation regimes, critical imbalances in agricultural resilience to water shortages,
and the increasing frequency of extreme weather events have severely disrupted the predictable
cultivation timelines upon which these supply chains rely (Sutcliffe, Knox, & Hess, 2021).
While massive industrial agribusinesses in developed nations may possess the financial capital
and technological infrastructure to rapidly internalize and mitigate these environmental risks,
the small-scale farmers, local processing facilities, and regional distributors that constitute the
backbone of the East Gilan agricultural supply chain operate within a significantly constrained
resource environment. This stark disparity highlights a profound problem statement: there is a
critical absence of empirically validated, localized frameworks designed to specifically
measure, evaluate, and enhance the resilience of traditional, geographically concentrated
agricultural supply chains facing imminent environmental uncertainties. Understanding how
uncertainty is actually handled in these specific agricultural supply chain management
contexts, and identifying the exact state-of-the-art vulnerabilities within traditional networks,
is an absolute necessity for preventing catastrophic regional economic failure (Borodin,
Bourtembourg, Hnaien, & Labadie, 2016).

The fundamental objective of this extensive academic research is to rigorously
deconstruct and quantitatively evaluate the multidimensional construct of supply chain
resilience precisely within the context of the East Gilan tea and rice industries. To achieve this
overarching goal, the research pursues several highly specific sub-objectives designed to
capture the complex realities of agricultural risk management. First, the study aims to
comprehensively identify and categorize the specific sources of environmental risk and
ecological disruption that most severely impact these localized agrifood supply chains,
contributing empirical data to the broader literature reviewing risk sources and resilience
factors (Zhao, Liu, & Lopez, 2017). Second, the investigation systematically evaluates the
current level of supply chain endurance and flexibility exhibited by local agricultural
stakeholders when subjected to extreme weather events, measuring how these capabilities
translate into tangible operational resilience (Bag, Rahman, Chan, & Sharma, 2025). Third,
acknowledging the transformative potential of technological intervention, the study explores
the extent to which emerging digital capabilities are being integrated to manage agrifood supply
chain uncertainties and build resilience during compounding environmental and geopolitical
disruptions within the region (Belhadi, Kamble, Subramanian, Singh, & Venkatesh, 2024).
Finally, the research seeks to develop and propose a strategic framework for cultivating

resilience, prioritizing optimized operational scenarios and risk management protocols that are
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uniquely adapted to the socioeconomic and environmental realities of the East Gilan province
(Zare Mehrjerdi & Karimi, 2024).

The theoretical and practical significance of this investigation is substantial, bridging a
vital gap in the contemporary literature regarding supply chain risk management in transitional
agricultural economies. From a theoretical perspective, while extensive critical analysis and
framework syntheses exist concerning general resilience in agri-food supply chains (Stone &
Rahimifard, 2018), there is a distinct lack of empirical studies that test these advanced
frameworks within highly specific, localized contexts dealing with simultaneous water scarcity
and climate alteration. By evaluating the dynamics of risk and resilience within these specific
supply chains—drawing methodological parallels from rigorous analyses of other localized
networks, such as the ASDA PorkLink system—this study provides necessary empirical
validation for overarching supply chain theories (Leat & Revoredo-Giha, 2013). Furthermore,
the integration of contemporary strategic frameworks for developing resilience, particularly
those formulated in the wake of massive global disruptions like the COVID-19 pandemic, into
the context of environmental uncertainty offers a novel academic synthesis (Kumar & Kumar
Singh, 2022). Practically, the findings derived from the extensive 2024 data collection will
serve as a definitive, evidence-based roadmap for local agricultural stakeholders. By
identifying the precise vulnerabilities within the tea and rice networks and highlighting
mathematically proven hybrid approaches to resilient supplier selection and operational
flexibility (Aungkulanon, Atthirawong, Luangpaiboon, & Chanpuypetch, 2024), this research
empowers regional farmers, cooperative managers, and governmental policymakers to
strategically redesign their agricultural networks. Ultimately, this ensures the long-term
sustainability and economic viability of East Gilan’s agricultural heritage against the inevitable

backdrop of continuous ecological transformation.

II.  Literature Review

The theoretical conceptualization of supply chain management has undergone a
profound metamorphosis over the past two decades, transitioning from a localized paradigm
strictly obsessed with lean optimization, cost reduction, and minimized inventory buffers
toward a highly complex, multidimensional framework that prioritizes structural resilience and
operational endurance. This strategic evolution has been particularly pronounced within the
agrifood sector, where the inherent biological characteristics of the products, strict perishability
constraints, and massive geographical dispersion of primary cultivation nodes render

traditional manufacturing supply chain models dangerously inadequate. A critical analysis of
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the literature and the subsequent synthesis of novel frameworks emphasize that resilience in
agri-food supply chains is not merely the ability to return to a pre-disrupted state, but rather the
dynamic capacity to anticipate, absorb, adapt to, and rapidly recover from profound,
structurally altering disruptions (Stone & Rahimifard, 2018). Unlike mechanical or electronic
supply chains, agricultural networks are fundamentally inextricably linked to the unpredictable
rhythms of the natural biosphere. Therefore, a comprehensive literature review on risk sources
and resilience factors must acknowledge that environmental unpredictability constitutes the
primary, non-negotiable risk parameter governing these networks, superseding even market
volatility and geopolitical instability (Zhao, Liu, & Lopez, 2017). When extreme weather
events or sustained climatic shifts disrupt the foundational node of agricultural production, the
shockwaves propagate exponentially throughout the entire network, leading to massive
financial hemorrhaging and critical food security failures. Recent insights derived from
rigorous financial analysis regarding agricultural commodities underscore that the supply chain
resilience to disruption is directly correlated with the financial endurance of the primary
producers and their immediate logistical intermediaries, who often bear the disproportionate
brunt of environmental externalities (Hamidu, Oppong, Asafo-Adjei, & Adam, 2022).
Consequently, the contemporary academic discourse demands a granular, hyper-localized
understanding of how these theoretical resilience mechanisms actually operate under the
sustained pressure of real-world environmental degradation, particularly in transitional
agricultural economies where smallholder farming dictates the regional socio-economic fabric.

The specific manifestations of environmental uncertainty present an existential threat
to the structural integrity of localized agricultural systems, necessitating a fundamental
reevaluation of agronomic resource management and risk mitigation strategies in the era of
climate change. The continuous escalation of greenhouse gas emissions has effectively
dismantled the historical predictability of seasonal precipitation and temperature gradients
upon which traditional cultivation cycles depend. A contemporary framework for resilience
strategies in agricultural supply chains must, therefore, explicitly address the profound
structural assessments required to navigate this new era of sustained climatic volatility (Yuan,
Hu, Xue, & Li, 2024). Within the specific context of water-intensive crops such as rice and
tea—the foundational pillars of the East Gilan agricultural economy—the disruption of
hydrological cycles constitutes the most severe vulnerability. The complexities of managing
irrigation under pressure reveal a deeply concerning phenomenon: the relentless operational

demands of the modern supply chain for consistent yield and standardized quality continuously
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drive a severe imbalance in agricultural resilience, pushing local water tables and ecological
buffers to the brink of total collapse during acute water shortages (Sutcliffe, Knox, & Hess,
2021). This precarious dynamic mathematically guarantees future operational failures unless
structural interventions are implemented. Consequently, enhancing the resilience of the
management of water resources within the broader agricultural supply chain is no longer a
peripheral environmental objective, but the central operational imperative required to sustain
base-level cultivation (Xu, Zhong, Proverbs, Xiong, & Zhang, 2021). Furthermore, the
integration of advanced, predictive mathematical models is becoming increasingly critical.
Evaluating sustainable and resilient agricultural supply chains for net-zero goals through the
lens of a circular economy and sophisticated stochastic modeling provides a theoretical avenue
for farmers to anticipate hydrological deficits and proactively adjust their cultivation strategies
before catastrophic crop failure occurs (Saeedi, Tavakkoli-Moghaddam, & Sabouhi, 2026).
Thus, the literature strongly indicates that true agricultural resilience is fundamentally
predicated upon the mastery and strategic buffering of critical environmental inputs, primarily
water and fertile topsoil, against increasingly unpredictable ecological variance.

In response to these compounding ecological vulnerabilities, the academic literature
identifies several critical adaptive mechanisms and strategic reorientations that agrifood
networks must internalize to survive, specifically focusing on the integration of digital
capabilities, operational flexibility, and comprehensive risk management protocols. The rapid
integration of digital technologies—ranging from localized meteorological sensors and Internet
of Things devices in the field to advanced predictive analytics in the distribution nodes—has
been identified as a supreme strategic advantage. Advanced empirical studies confirm that
deploying these digital capabilities is absolutely essential to effectively manage agrifood
supply chain uncertainties and build enduring supply chain resilience during compounding
geopolitical and environmental disruptions, allowing stakeholders to transition from reactive
scrambling to proactive optimization (Belhadi, Kamble, Subramanian, Singh, & Venkatesh,
2024). Beyond digitization, the physical and operational architecture of the supply chain must
cultivate profound adaptability. Extensive empirical research evaluating the effect of supply
chain flexibility and supply chain endurance conclusively demonstrates that these specific
characteristics act as the primary operational shock absorbers during extreme weather events,
enabling the network to reroute logistics, shift sourcing, and maintain output despite massive
localized failures (Belhadi, Kamble, Subramanian, Singh, & Venkatesh, 2024). Moreover, the

strategic alignment of agricultural operations with the principles of ecological sustainability
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creates a synergistic fortification of the network. Examining the convergences and deviations
in the case of agri-food supply chains reveals that adopting a circular economy approach—
minimizing waste, recycling biomass, and optimizing localized resource loops—directly
enhances systemic resilience by radically reducing the network's dependency on highly volatile
external inputs (Gkountani, Tsoulfas, & Rachaniotis, 2021). To systematically institutionalize
these adaptive capabilities, agricultural cooperatives and enterprise managers must
fundamentally restructure their strategic planning. This involves the rigorous prioritization of
optimized scenarios within the food supply chain, ensuring that strategic decisions are
mathematically grounded in risk probability rather than historical intuition (Zare Mehrjerdi &
Karimi, 2025). Ultimately, analyzing the role of comprehensive supply chain risk management
reveals that proactive vulnerability assessment and strategic redundancy are mandatory
prerequisites for elevating traditional, regionally constrained industries to a standard of world-
class operational resilience capable of withstanding the extreme uncertainties of the modern
biosphere (Roshanbakhsh, Farsijani, & Motadel, 2025).

Drawing directly from the complex theoretical frameworks regarding environmental
uncertainty, digital capability integration, and resource flexibility synthesized within the
literature review, the following primary research hypotheses have been meticulously
formulated to empirically test the specific dynamics of supply chain resilience within the East
Gilan tea and rice industries:

e Hi: There is a statistically significant negative correlation between the perceived
severity of environmental uncertainties (specifically extreme temperature fluctuations
and hydrological scarcity) and the baseline operational continuity of traditional tea and
rice supply chains in East Gilan.

e Hy: The strategic implementation of operational flexibility and redundant sourcing
significantly moderates the detrimental impact of extreme weather events, thereby
directly enhancing the overarching endurance and resilience of localized agricultural
networks.

o Hs: The adoption and active utilization of advanced digital capabilities and predictive
agronomic technologies exert a substantial positive influence on the proactive risk
management and adaptive capacity of regional agricultural supply chains.

e Has: The implementation of systematic water resource management strategies and
localized circular economy practices positively and directly contributes to mitigating

the specific vulnerabilities associated with severe agricultural water shortages.
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e Hs: Agrifood supply chains in East Gilan that structurally prioritize comprehensive risk
management and scenario optimization exhibit significantly faster recovery trajectories
following acute environmental disruptions compared to networks relying on traditional,

reactive management protocols.

III. Methodology

The methodological architecture of this comprehensive investigation is firmly rooted
in a quantitative, descriptive-correlational research design, specifically engineered to
empirically capture, measure, and statistically validate the complex, multidimensional
dynamics of supply chain resilience operating under conditions of severe environmental
uncertainty. Given the inherently volatile and stochastic nature of ecological disruptions
impacting the agricultural sector, this highly structured quantitative approach was deliberately
selected over qualitative methodologies to facilitate the objective measurement of latent
operational capabilities and to allow for the robust econometric modeling of complex causal
pathways across the regional agrifood network. The epistemological foundation of this research
strictly aligns with the positivist paradigm, operating under the assumption that the operational
realities of agricultural supply chains, even when subjected to unpredictable climatic variations,
can be systematically observed, quantified, and rigorously analyzed through the deployment of
standardized empirical instruments. This approach requires the systematic operationalization
of abstract theoretical constructs—such as perceived environmental volatility, operational
flexibility, digital adaptive capacity, and overarching supply chain resilience—into distinct,
measurable variables capable of undergoing advanced mathematical processing. By adopting
a deductive analytical trajectory, the study systematically transitions from the generalized
theoretical frameworks of agricultural risk management established in the contemporary
literature to the specific, localized empirical observation of the East Gilan tea and rice
industries. This methodological rigor ensures that the resulting strategic frameworks and
vulnerability assessments transcend mere anecdotal observations of seasonal crop yields,
instead providing statistically significant, highly generalizable intelligence that accurately
reflects the fundamental structural integrity of the regional agricultural economy under the
continuous pressure of climate change.

To guarantee that the empirical data authentically represents the unique socio-
economic, topographical, and operational nuances of the target region, the statistical population
for this extensive study was definitively characterized as all key active stakeholders integrated

within the primary tea and rice agricultural supply chains across the East Gilan province during
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the 2024 cultivation and harvest cycles. This target demographic specifically encompasses
independent smallholder farmers, managers of local agricultural cooperatives, directors of
regional processing facilities (such as tea drying factories and rice milling plants), and primary
logistical distributors operating predominantly within the historically significant agricultural
hubs of Lahijan, Langarud, Rudsar, and Amlash. Because the total number of individuals
operating within these decentralized, multi-tiered agrifood networks is theoretically immense
and difficult to census precisely, a sophisticated probability-based, stratified random sampling
technique was meticulously employed. This stratification was executed along two primary
axes: the specific crop industry (tea versus rice) and the specific operational node within the
supply chain (production, processing, or distribution), ensuring that the final sample perfectly
mirrored the complex structural hierarchy of the regional agricultural sector. To
mathematically ascertain the optimal sample size required to achieve robust statistical
confidence while simultaneously neutralizing the margin of error, the universally accepted
Cochran’s statistical equation for infinite populations was deployed. The precise mathematical
determination of the target sample size is articulated through the following complex statistical
formula:

Z*xpx(1-p)
n:
E2

By applying this foundational statistical theorem, utilizing a standard normal deviate

($Z9) fixed at 1.96 to establish a rigorous 95 percent confidence interval, projecting an
estimated population proportion ($p$) of 0.5 to deliberately maximize response variance, and
tightly constraining the permissible margin of error ($E$) to 0.05, the absolute minimum
required sample size was mathematically calculated at 384 distinct respondents. However,
keenly aware of the logistical complexities of conducting field research in rural agricultural
zones and the inherent risks of data attrition, missing values, and unengaged survey responses,
the research team implemented a strategic oversampling protocol, physically distributing the
measurement instrument to a comprehensive cohort of 480 meticulously selected supply chain
stakeholders across the designated provincial zones.

The primary mechanism utilized for the massive acquisition of empirical data was a
highly structured, multidimensional questionnaire, uniquely developed and refined for this
specific agricultural context and officially deployed throughout the region during the critical
climatic transitions of early to mid-2024. The architectural blueprint of this measurement
instrument was synthesized by meticulously adapting extensively validated psychometric

scales sourced from seminal contemporary studies focused on supply chain endurance,
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ecological risk assessment, and digital resource management. The final questionnaire was
systematically segregated into two distinct analytical modules. The introductory section was
rigorously designed to capture critical demographic, geographic, and operational profiling data,
successfully mapping the respondent’s specific role, years of agricultural experience, total
acreage under cultivation or management, and primary technological infrastructure. The core
analytical section subsequently employed a highly standardized five-point Likert scale—
ranging comprehensively from strongly disagree to strongly agree—to quantitatively measure
the operationalized constructs explicitly defined within the research hypotheses. Specific
measurement items were meticulously crafted to evaluate the localized severity of
environmental uncertainties (focusing heavily on water scarcity and erratic temperatures), the
implementation of flexible sourcing and resource buffering, the integration of digital agrifood
capabilities, and the overarching resilience and recovery speed of the supply chain network.
Prior to the large-scale distribution of the survey in 2024, the initial draft of the questionnaire
underwent a severe academic and practical pilot testing phase. This pre-test involved a
specialized focus group comprising 35 prominent local agronomists, veteran tea and rice
farmers, and regional supply chain academics. This critical procedure ensured that the
translated terminologies were culturally resonant, conceptually unambiguous, and perfectly
aligned with the localized vernacular of the East Gilan agricultural community, thereby
eliminating potential cognitive biases during the primary data collection phase.

Before advancing to the complex inferential testing of the proposed structural models
and causal hypotheses, it is an absolute methodological prerequisite to rigorously substantiate
the psychometric integrity, internal consistency, and structural robustness of the newly adapted
measurement instrument. To accomplish this vital validation phase, the empirical data was
subjected to a comprehensive series of reliability and validity analyses utilizing advanced
Partial Least Squares Structural Equation Modeling (PLS-SEM) software architectures. The
internal consistency of the multi-item constructs was initially evaluated through the calculation
of rigorous Cronbach’s Alpha coefficients. The statistical outputs confirmed that all latent
variables achieved coefficients significantly surpassing the standard academic threshold of
0.70, conclusively demonstrating exceptional inter-item correlation and profound measurement
stability across the entire survey instrument. To further fortify this reliability assessment and
account for the distinct factor loadings of individual items, Composite Reliability (CR) metrics
were algorithmically generated, definitively proving that the shared variance among the

specific observed indicators of each agrifood construct vastly outweighed the inherent
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measurement error associated with field surveys. Concurrently, the convergent validity of the
theoretical framework was rigorously authenticated by calculating the Average Variance
Extracted (AVE) for all principal agricultural constructs. The results guaranteed that a strict
minimum of fifty percent of the variance observed in the specific indicators was systematically
and exclusively accounted for by their respective latent constructs, perfectly satisfying the
sophisticated prerequisites of modern variance-based structural modeling. These meticulous
statistical procedures provide irrefutable evidence that the empirical data harvested from the
2024 East Gilan agricultural sector genuinely and accurately reflects the complex theoretical
variables of environmental uncertainty and supply chain resilience, rather than manifesting as
statistical noise or methodological artifacts. The summarized statistical outcomes of this critical
measurement model evaluation, decisively proving the absolute validity of the localized

agricultural resilience instrument, are formally and systematically detailed below.

Table 1. Construct Reliability and Convergent Validity of the Agricultural Measurement Model

Number Factor , Composite AV§rage
. Cronbach's o Variance
Latent Construct of Loadings Reliability
ltems Ranee Alpha (CR) Extracted
& (AVE)
Environmental 0.755 -
Uncertainty & 6 ' 0.884 0.912 0.675
. . 0.892
Disruption
Operational 0.712 -
Flexibility & 5 ' 0.825 0.863 0.588
. 0.844
Buffering
Digital 0.78] -
Capabilities & 4 0'905 0.861 0.895 0.682
Predictive Tech '
Water Resource 0.745 -
Management 4 ' 0.832 0.871 0.624
0.860
Strategy
Overall Supply 0.802 -
Chain Resilience 6 0.914 0.905 0.926 0.715
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IV.  Data Analysis and Results

The empirical validation of the theoretical propositions demands a highly rigorous,
multifaceted statistical analysis of the primary data harvested from the East Gilan agricultural
sector during the critical cultivation cycles of 2024. Following the cessation of the massive
field data collection phase, the raw dataset underwent an exhaustive purification protocol
designed to meticulously identify and eradicate any unengaged responses, severe multivariate
outliers, and incomplete submissions that could compromise the structural integrity of the
subsequent econometric modeling. From the initial 480 distributed instruments, a highly robust
and statistically significant sample of 415 fully completed and verified questionnaires was
retained, yielding an exceptional effective response rate of 86.4 percent. The initial analytical
phase fundamentally required a granular demographic and operational profiling of this
finalized sample to ensure proportional representation across the complex, multi-tiered
hierarchy of the regional agrifood network. The demographic distribution revealed a perfectly
bifurcated representation of the primary agricultural industries under investigation, with 52.3
percent of the respondents operating primarily within the rice cultivation and milling sector,
while the remaining 47.7 percent were deeply integrated into the tea farming and processing
industry. In terms of supply chain operational roles, the sample was strategically heavily
weighted toward the foundational nodes of production, with primary smallholder farmers
constituting 61.4 percent of the respondents. This was critically supplemented by local
cooperative managers and regional processing facility directors at 22.7 percent, and
downstream agricultural distributors accounting for 15.9 percent. Furthermore, the experiential
profile of the respondents emphasized profound historical knowledge of the region's climatic
patterns, with an overwhelming 68.2 percent possessing over a decade of continuous
operational experience within the East Gilan agricultural landscape. This specific demographic
concentration mathematically guarantees that the empirical responses regarding environmental
vulnerability and adaptive capacity are grounded in deep, longitudinal, and highly localized
agronomic expertise rather than transient or theoretical observation. The comprehensive and
granular demographic architecture of the finalized agricultural sample is systematically

delineated in the exhaustive analytical table provided below.
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Table 2. Demographic and Operational Profile of the Final Agricultural Sample (n = 415)

Operational / Frequenc Percentage = Cumulative
Demographic Specific Classification q(f) y (%) & Percentage
Variable 0 g
5/[1;1; I?ul‘uvaﬂon and 217 573 573
Primary Agricultural g
Sector i
Tea Farming and 198 477 100.0
Processing
Primary Producer /
Smallholder Farmer 255 61.4 61.4
Supply Chain Cooperative Manager /
Operational Role Processing Facility o4 227 84.1
Regional Distributor /
Logistics Provider 66 159 100.0
Less than 5 Years 42 10.1 10.1
Years of 5to 10 Years 90 21.7 31.8
Agricultural
Experience 11 to 20 Years 156 37.6 69.4
More than 20 Years 127 30.6 100.0

Transitioning from foundational demographic parameters to the rigorous quantitative
evaluation of the latent theoretical constructs, the research deployed advanced descriptive
statistics and normality diagnostic protocols to ascertain the central tendencies, data dispersion
geometry, and distributional symmetry of the continuous variables captured via the
standardized Likert scales. Understanding the absolute mathematical shape of the data
distribution is an uncompromising prerequisite prior to executing complex, variance-based
structural equation modeling. The empirical mean scores illuminated severe localized realities;
the construct measuring Environmental Uncertainty yielded an exceptionally high mean of 4.38
out of 5.00, definitively confirming that extreme climatic volatility and hydrological scarcity
are perceived not as theoretical risks, but as immediate, critical threats paralyzing daily
operations across East Gilan. Conversely, constructs such as Digital Capabilities registered a
moderately lower mean of 3.21, highlighting a distinct, systemic lag in the integration of

predictive agronomic technologies among traditional farmers. To scientifically validate the
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assumption of univariate normality required for robust parametric inferences, the exact
coefficients of Skewness and Kurtosis were systematically calculated for each aggregated
agricultural dimension. In advanced econometrics, continuous data distributions are
academically accepted as approximating strict normal parameters if both standardized
coefficients fall resolutely within the conservative absolute threshold of -2.0 to +2.0. The
comprehensive statistical output mathematically confirmed that while the responses exhibited
slight negative skewness—indicating a strong consensus regarding the severity of
environmental threats—every single calculated value remained rigidly confined within the
acceptable parametric boundaries. This critical finding definitively rules out severe
heteroscedasticity, thereby validating the absolute mathematical suitability of the 2024 dataset
for highly complex predictive and semi-parametric structural evaluations. The precise central
tendencies, dispersion metrics, and sophisticated normality diagnostics are systematically

cataloged in the analytical matrix below.

Table 3. Comprehensive Descriptive Statistics and Normality Assessment of Latent

Agricultural Constructs

Latent Construct Minimum Maximum Mean S.td'. Skewness  Kurtosis
Deviation

Environmental
Uncertainty & 2.00 5.00 4.38 0.654 -0.912 0.844
Disruption (EU)

Operational
Flexibility & 1.00 5.00 3.65 0.812 -0.425 -0.311
Buffering (OF)

Digital
Capabilities &
Predictive Tech
(DC)

1.00 5.00 3.21 0.945 0.114 -0.752

Water Resource
Management 1.00 5.00 3.52 0.887 -0.306 -0.421
Strategy (WR)

Overall Supply
Chain Resilience  1.00 5.00 348  0.833 -0.518 0.105
(SR)

www.bmjournal.ir



Evaluating the Resilience of Agricultural Supply Chains Against Environmental Uncertainties ...

Prior to executing the predictive pathways characteristic of the inner structural model,
it is methodologically imperative to conduct a rigorous Bivariate Pearson Correlation Analysis
to mathematically quantify the directionality and exact linear magnitude of the relationships
existing between all modeled exogenous, mediating, and endogenous constructs. This
preliminary diagnostic phase is critical not merely for initial hypothesis substantiation but
predominantly for identifying potential detrimental occurrences of severe multicollinearity
among the independent predictive variables. The resulting correlation matrix forcefully
illustrated highly significant linear associations across the conceptual framework. Crucially,
the correlation between Environmental Uncertainty and Overall Supply Chain Resilience
demonstrated a profound, statistically significant negative relationship, providing immediate
empirical validation for the disruptive nature of climatic shifts. Furthermore, to definitively
eliminate the threat of multicollinearity—which could artificially inflate the standard errors of
the regression coefficients and destroy the model's predictive validity—the Variance Inflation
Factor (VIF) for all exogenous predictor constructs was systematically computed. Every single
calculated VIF metric was successfully constrained well beneath the stringent academic
threshold of 3.0. This vital diagnostic confirms that Operational Flexibility, Digital
Capabilities, and Water Resource Strategies each contribute entirely unique, non-redundant
statistical variance to the overarching predictive model. The exhaustive Pearson correlation
matrix, integrated seamlessly with collinearity statistics and significance indicators, is

rigorously documented below.

Table 4. Pearson Correlation Matrix and Collinearity Diagnostics (VIF)

Latent Constructs 1. EU 2. OF 3.DC 4. WR 5.SR I?,I;;r
§Emomed o
?C.)(F))perational Flexibility ;)_3 - 1.000 2.104
?b]():;gital Capabilities 20.185%  0.548%*  1.000 1.885
4. Water Resource Strategy - 0.612%*  0.495%* 1.000 2.315

(WR) 0.245%*
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Inner

Latent Constructs 1. EU 2. OF 3.DC 4. WR 5. SR VIF

5. Supply Chain Resilience

(SR) 05gqer  0-688%F  0.562%% 0645 1000 -

Following the rigorous substantiation of baseline inter-construct correlations, the
overarching structural model was meticulously subjected to advanced Partial Least Squares
Structural Equation Modeling (PLS-SEM) utilizing sophisticated path weighting algorithms.
This procedure is mathematically required to determine both the explanatory capacity and the
out-of-sample predictive relevance of the proposed localized agricultural resilience framework.
The core structural equation mathematically dictating the complex network of relationships
predicting the ultimate endogenous variable is formally represented as follows:

Mres = ViSeu t Billfiex + B2Naig + B3llwater +¢

In this advanced econometric formulation, the ultimate endogenous construct of Supply
Chain Resilience is denoted by $\eta {res}$. The strictly exogenous, disruptive force of
Environmental Uncertainty is represented by $\xi_{eu}$, while the vital adaptive, endogenous
mechanisms—Operational Flexibility, Digital Capabilities, and Water Resource Strategy—are
defined respectively as $\eta_{flex}$, $\eta {dig}$, and $\eta_{water}$. The specific beta and
gamma coefficients quantify the magnitude of the path vectors, with $\zeta$§ meticulously
accounting for the inherent, unmeasured structural error variance within the model. The
analysis successfully yielded an adjusted coefficient of determination of 0.712 for the terminal
resilience construct, proving definitively that a massive 71.2 percent of the variance in the
operational endurance of East Gilan’s agricultural networks is explicitly explained by this
integrated model. Furthermore, Stone-Geisser’s predictive relevance value, derived via a
highly complex blindfolding algorithm, resulted in a staggering 0.485. This heavily exceeds
the mathematical zero-threshold, proving profound out-of-sample predictive validity.
Ultimately, the global structural fit was mathematically validated using the Standardized Root
Mean Square Residual. The algorithm generated an SRMR value of 0.051, solidly beneath the
conservative rejection boundary of 0.08, confirming an exceptionally pristine fit between the

empirical agricultural data and the implied theoretical covariance matrix.

Table 5. Structural Model Global Fit Indices and Predictive Relevance Metrics
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Endogenous / Explanatory Adjusted Predictive Global Fit
Mediating Construct Power (R?) R? Relevance (Q?) (SRMR)
Operational Flexibility  0.415 0.411 0.235
Water Resource
Strategy 0.388 0.384 0.211 0.051

Overall Supply Chain

. 0.718 0.712 0.485
Resilience

The final, conclusive phase of the quantitative analysis necessitated the explicit,
inferential testing of the complex directional research hypotheses. This was flawlessly executed
through a mathematically intense, non-parametric bootstrapping procedure utilizing 5,000
independent, randomized subsamples extracted directly from the primary 2024 agricultural
dataset. This computationally heavy technique generates maximally precise standard errors,
calculating robust t-statistics and exact probability values required to scientifically validate the
structural path coefficients. The empirical results definitively and overwhelmingly supported
all five primary research hypotheses, illuminating the exact mechanics of regional agricultural
endurance. Hypothesis 1 was strongly substantiated, revealing a profound and statistically
significant negative path trajectory between extreme Environmental Uncertainty and Supply
Chain Resilience, mathematically proving that unchecked ecological disruption directly
paralyzes traditional agronomic operations. Conversely, Hypotheses 2 and 3 confirmed that
operational agility serves as the primary regional antidote; both Operational Flexibility and the
integration of Digital Capabilities demonstrated highly significant, positive impacts on
overarching network resilience. This validates the premise that farmers who strategically
implement redundant sourcing and predictive meteorological technologies fundamentally
decouple their operational continuity from stochastic weather events. Hypothesis 4, focusing
on the paramount issue of localized hydrological scarcity, was strongly supported, empirically
proving that systematic Water Resource Management strategies directly mitigate structural
vulnerability in both the tea and rice sectors. Finally, the validation of Hypothesis 5
mathematically proved that networks prioritizing comprehensive scenario optimization
experience significantly accelerated recovery trajectories. The complex numerical architecture
defining these relationships, including precise standard deviations and definitive empirical

decisions, is exhaustively cataloged in the culminating structural path analysis table.
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Table 6. Comprehensive Structural Path Analysis and Hypothesis Validation

Structural Standard
Path / Path Deviatio T-Statistic P- 95% Empirica
Directed Coefficie n (JO/STDEV| Valu Confidenc 1
. nt (Beta) (STDEV ) e e Interval Decision
Hypothesis )
H1:
Environment
al
Uncertainty - -0.412 0.048 8.583 0.0 [-0.506,-  Supporte
0 0.318] d
> Supply
Chain
Resilience
H2:
Operational
Flexibility >  0.385 0.052 7.403 0.00 10283, Supporte
. 0 0.487] d
Supply Chain
Resilience
H3: Digital
Capabilities -
> Supply 0.245 0041 5975 0.00 [0.164, Supporte
s 0 0.325] d
Chain
Resilience
H4: Water
Strategy -> 0.00 [0.204, Supporte
Vulnerability 012 0.055 5672 0 0.420] d
Mitigation
HS5: Scenario
Optimization 0.00 [0.308, Supporte
> Recovery 0.428 0.061 7.016 0 0.547] d

Trajectory

V. Discussion
The empirical findings synthesized from the rigorous structural equation modeling of
the 2024 agricultural dataset offer profound, statistically validated insights into the fragile
operational realities and the critical adaptive mechanisms defining the East Gilan tea and rice
supply chains under the compounding pressures of environmental uncertainty. The definitive

validation of the first hypothesis comprehensively demonstrates that perceived environmental
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volatility—specifically manifesting as erratic precipitation cycles, unprecedented thermal
fluctuations, and acute hydrological deficits—acts as a severely paralyzing agent capable of
systematically dismantling the baseline operational continuity of traditional agricultural
networks. The robust negative path coefficient between environmental disruption and supply
chain resilience corroborates the overarching theoretical premise that unlike manufacturing
sectors, agrifood networks are biologically anchored to highly specific ecological parameters,
rendering them exceptionally vulnerable to systemic biosphere alterations. This finding aligns
seamlessly with contemporary academic discourse asserting that anticipating and managing
these ecological shocks is no longer a peripheral environmental objective but rather the
fundamental prerequisite for preventing catastrophic regional food security failures (Davis,
Downs, & Gephart, 2021). Furthermore, the validation of the second hypothesis, regarding the
profound positive impact of operational flexibility and redundant sourcing, reveals a critical
strategic pivot occurring within the regional agricultural landscape. The empirical data dictates
that supply chains capable of rapidly reconfiguring their logistical nodes, utilizing
decentralized storage buffering, and dynamically shifting procurement strategies are
significantly more capable of absorbing localized environmental shocks without experiencing
complete systemic collapse. This statistical reality practically validates the necessity of supply
chain flexibility and endurance as the primary shock absorbers against extreme weather events,
directly mirroring advanced global resilience frameworks adapted for localized operational
environments (Leat & Revoredo-Giha, 2013). This flexibility allows regional cooperatives to
maintain critical output levels even when specific cultivation zones within East Gilan are
compromised by sudden climatic anomalies.

The analytical confirmation of the third hypothesis provides a compelling technological
dimension to the regional resilience framework, decisively proving that the strategic integration
of advanced digital capabilities and predictive agronomic technologies exerts a monumental
positive influence on proactive risk management. Although the descriptive statistics
highlighted a systemic lag in the widespread adoption of these technologies among traditional
smallholder farmers, the structural path analysis unequivocally demonstrates that those nodes
utilizing digital forecasting, precision agriculture sensors, and automated logistical tracking
exhibit a vastly superior capacity to anticipate and mitigate environmental disruptions before
they manifest as critical operational failures. This finding bridges the theoretical gap between
localized farming practices and the sophisticated digital management capabilities required to

navigate compounding global and regional uncertainties (Belhadi, Kamble, Subramanian,
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Singh, & Venkatesh, 2024). In conjunction with technological integration, the definitive
support for the fourth hypothesis underscores the existential necessity of systematic water
resource management strategies. Given the hyper-hydrological dependency of both rice
paddies and tea plantations, the empirical evidence proves that localized circular economy
practices, encompassing wastewater recycling, efficient irrigation deployment, and rainwater
harvesting architectures, are non-negotiable structural requirements for sustaining baseline
cultivation. This strictly reinforces the academic warnings regarding the severe imbalances
created when unrelenting supply chain demands collide with deteriorating ecological water
buffers, proving that enhancing hydrological resilience is the absolute epicenter of agricultural
endurance in East Gilan (Sutcliffe, Knox, & Hess, 2021; Xu, Zhong, Proverbs, Xiong, &
Zhang, 2021). Finally, the validation of the fifth hypothesis scientifically confirms that
agricultural networks operating under continuous ecological duress must abandon reactive, ad-
hoc crisis management in favor of formalized, mathematically grounded scenario optimization.
Supply chains that structurally prioritize comprehensive risk assessment protocols and
continuously evaluate optimized recovery scenarios demonstrate significantly accelerated
recovery trajectories following acute disruptions. This proves that cognitive and operational
preparedness, formulated through rigorous risk management analysis, is just as critical as
physical resource buffering when attempting to elevate traditional regional industries to a
standard of world-class operational endurance (Zare Mehrjerdi & Karimi, 2025;

Roshanbakhsh, Farsijani, & Motadel, 2025).

VI.  Conclusion

This exhaustive academic investigation has systematically deconstructed, measured,
and rigorously analyzed the complex multidimensional architecture of supply chain resilience
within the highly vulnerable agricultural sectors of the East Gilan province, specifically
focusing on the historically and economically foundational tea and rice industries. Driven by
the escalating frequency and devastating severity of environmental uncertainties stemming
from global climate change and regional ecological degradation, traditional agrifood paradigms
optimized solely for linear efficiency are rapidly facing systemic obsolescence. Through a
sophisticated quantitative methodology anchored in advanced structural equation modeling,
this research has successfully quantified the exact mechanisms through which operational
flexibility, the integration of predictive digital technologies, and strategic hydrological
management collectively interact to fortify agricultural networks against stochastic

environmental shocks. The empirical evidence irrefutably confirms that environmental
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volatility exerts a massive, disruptive force capable of paralyzing localized cultivation and
distribution networks; however, it simultaneously proves that this vulnerability is not an
insurmountable absolute. The regional supply chains possess the inherent capacity to survive
and adapt if they structurally internalize profound operational agility, actively embrace digital
transformation, and prioritize the sustainable, circular management of critical natural resources.
Moving beyond localized anecdotal observations, this study provides a mathematically
validated blueprint proving that resilience in the modern agrifood sector is a dynamic,
proactively engineered capability rather than a static, inherent trait.

The theoretical and practical implications derived from these findings are substantial,
dictating an immediate and comprehensive strategic paradigm shift for all stakeholders
embedded within the East Gilan agricultural economy. From a theoretical standpoint, this
research successfully bridges the crucial gap between generalized, macro-level climate
resilience frameworks and the hyper-localized, operational realities of smallholder-dominated
agricultural matrices, providing highly specific econometric validations of contemporary
supply chain risk theories. Practically, the empirical intelligence generated by this 2024
investigation serves as a definitive operational mandate for local farmers, cooperative directors,
and regional agricultural policymakers. To ensure the survival and long-term economic
viability of the tea and rice industries, massive strategic investments must be directed toward
the modernization of irrigation infrastructures, the subsidization of precision agriculture
technologies for smallholder farmers, and the establishment of decentralized, flexible
processing and distribution networks capable of rerouting resources during acute localized
crises. Furthermore, governmental bodies must actively facilitate the creation of digitized
agricultural information networks that provide farmers with real-time meteorological data and
predictive agronomic models, thereby enabling proactive decision-making. While this study
provides a highly robust foundation for understanding current resilience dynamics,
acknowledging its methodological parameters is essential for contextualizing the findings. The
cross-sectional nature of the primary data collection captures a profound, yet specific temporal
snapshot of operational capabilities during the 2024 cultivation cycles, which inherently
restricts the capability to map complex longitudinal evolutionary trajectories over multiple
decades of climate shift. Future academic inquiries should consequently prioritize rigorous
longitudinal methodologies to continuously track how these specific adaptive capacities
evolve, while concurrently exploring the deeper socio-economic variables, such as generational

knowledge transfer and access to specialized agricultural financing, which implicitly govern
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the implementation speed of these critical resilience strategies. Ultimately, the preservation of
East Gilan’s rich agricultural heritage in the face of an increasingly hostile biosphere depends
entirely upon the immediate, strategic transformation of its supply chains into highly agile,

technologically integrated, and ecologically synchronized networks.
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