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ABSTRACT

This study explored the use of fuzzy logic as a decision-making framework to address uncertainties and pri-
oritize risks in the agricultural supply chain. Fuzzy logic’s ability to handle imprecise and incomplete data was
leveraged to develop a Risk Severity Index, assess risks across supply chain stages, and simulate various disruption
scenarios. The research utilized a descriptive-analytical design, combining fuzzy logic modeling with risk map-
ping, correlation analysis, and scenario simulation. Primary data were collected through stakeholder inputs, and
secondary data included weather patterns, market trends, and logistical disruptions. The fuzzy inference system
converted qualitative data into linguistic risk classifications (Low, Moderate, High), providing a robust method for
ranking risks. Scenario simulations tested the framework’s adaptability to changing conditions, such as extreme
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weather events. The findings revealed significant regional disparities in risk levels, with the South region identified

as the most vulnerable due to high rainfall variability, pest outbreaks, and logistical challenges. The fuzzy logic

framework proved effective in identifying and prioritizing risks, enhancing decision-making and resilience across

the supply chain. This study validates fuzzy logic as a practical tool for risk assessment and mitigation in agricultural

supply chains. By integrating fuzzy logic with risk mapping and scenario analysis, the study provides actionable in-

sights for stakeholders, enabling localized and adaptive interventions. Policymakers are encouraged to invest in

climate-resilient infrastructure, market stabilization strategies, and capacity-building initiatives to strengthen the

sustainability and efficiency of Jordan'’s agricultural supply chains.

Keywords: Fuzzy logic; Decision-Making Framework; Risk Assessment; Supply Chain Resilience; Jordan

1. Introduction

The agricultural supply chain is a critical compo-
nent of global food security, underpinning economic sta-
bility and societal well-being. However, in regions such
as Jordan, the fragility of this sector is exacerbated by
environmental, economic, and logistical uncertainties.
Agricultural systems in Jordan face complex challenges,
including climate variability, pest outbreaks, market
fluctuations, and infrastructure deficits. These risks dis-
rupt the delicate balance between supply and demand,
threatening not only the livelihoods of stakeholders but
also the resilience of the national economy (!4, Address-
ing these challenges necessitates innovative approaches
to manage risk and enhance decision-making, particu-
larly in environments characterized by incomplete or un-
certain data.

Fuzzy logic has emerged as a transformative tool
for addressing uncertainty in complex systems. Unlike
traditional decision-making frameworks, which rely on
precise data inputs, fuzzy logic excels in situations where
ambiguity prevails. This adaptability makes it particu-
larly suitable for agricultural risk management, where
qualitative insights often dominate decision-making pro-
cesses!>71, Jordan’s agricultural supply chain serves as
a compelling case study for exploring the utility of fuzzy
logic, given its susceptibility to a wide range of unpre-
dictable risks. By developing a fuzzy logic-based risk as-
sessment framework, this research aims to provide ac-
tionable insights for policymakers and stakeholders to
enhance resilience and sustainability [8-10],

The research problem focuses on the inefficiencies

of existing risk management practices in Jordan's agri-

cultural supply chains. Despite efforts to address spe-
cific challenges such as market volatility and climatic dis-
ruptions, the lack of an integrated and adaptive decision-
making framework has hindered progress. Traditional
risk assessment models often fail to capture the dynamic
interactions among risk factors, resulting in piecemeal
strategies that overlook regional and temporal varia-

tions 11131,

This research addresses this gap by em-
ploying fuzzy logic to systematically evaluate, prioritize,
and mitigate risks, considering the interplay between cli-
matic, economic, and operational variables.

The significance of this study lies in its potential to
transform agricultural risk management in Jordan and
beyond. The findings contribute to a growing body of
literature on adaptive and data-driven decision-making
frameworks, offering practical tools for stakeholders
navigating complex risk environments. Furthermore, by
highlighting the role of regional disparities in risk lev-
els, the research underscores the importance of local-
ized interventions tailored to the specific vulnerabilities
of high-risk areas. For instance, the study identifies the
southern regions of Jordan as particularly susceptible to
climatic and logistical disruptions, emphasizing the need
for targeted investments in infrastructure and climate-
resilient practice (141,

Central to this research are several critical ques-
tions that guide its scope and objectives. How do the
various risk factors, such as climatic variability, market
volatility, and pest outbreaks, interact to influence the
resilience of agricultural supply chains? Can fuzzy logic
effectively model and prioritize these risks, given the
uncertainties inherent in available data? What are the

most effective strategies for mitigating identified risks,
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and how can they be adapted to the specific needs of
different regions within Jordan? These questions re-
flect the complexity of agricultural risk management and
the need for innovative approaches to address its multi-
faceted nature.

The research statement posits that fuzzy logic
provides a robust framework for managing the uncer-
tainties and complexities of Jordan’'s agricultural sup-
ply chain risks. By integrating qualitative and quanti-
tative insights, the framework enables the systematic
evaluation of risks and supports decision-making pro-
cesses that are adaptive, inclusive, and context-sensitive.
The study hypothesizes that implementing fuzzy logic-
based frameworks can significantly enhance resilience
by identifying high-priority risks, optimizing resource al-
location, and fostering collaboration among stakehold-

ers [15—17].

Additionally, the research seeks to validate
the scalability of this approach, ensuring its applicability
to other regions and sectors facing similar challenges.
The relevance of this study extends beyond the
immediate context of Jordan, offering broader implica-
tions for global agricultural systems. The increasing
frequency of climate-induced disruptions, coupled with
the interconnectedness of global supply chains, under-
scores the urgency of developing resilient and adaptive

[18-20] By demonstrating

risk management frameworks
the utility of fuzzy logic in addressing these challenges,
this research contributes to the advancement of sustain-
able practices that can be adopted across diverse socio-
economic and environmental contexts. This study lever-
ages fuzzy logic as a pioneering tool for transforming
agricultural risk management in Jordan. By addressing
critical gaps in existing frameworks, it provides a scal-
able, flexible, and actionable approach to navigating un-
certainty in complex systems. As the global community
grapples with the dual challenges of climate change and
food security 2122, This research highlights the impor-
tance of innovation, adaptability, and inclusivity in build-
ing systems that can withstand future uncertainties.

1.1. Objectives of the Study

This study aims to achieve the following objectives:

a. To identify and assess key risks in Jordan’s agricul-

tural supply chains, including weather uncertainties,

market volatility, pest outbreaks, logistical disrup-
tions, and policy changes, and analyze their impacts
across different stages of the supply chain such as pro-

duction, storage, and distribution.

b. To develop and implement a fuzzy logic-based risk as-

sessment and decision-support framework that prior-
itizes risks, evaluates mitigation strategies, and pro-
vides actionable insights for stakeholders and policy-
makers to enhance the resilience and sustainability of
the agricultural supply chains.

1.2. Related Studies

The agricultural sector in Jordan faces numerous
challenges, exacerbated by unique geographical, envi-
ronmental, and socio-economic conditions. This study
synthesizes research on independent variables affect-
ing the agricultural supply chain—weather uncertain-
ties, market volatility, pest outbreaks, logistical disrup-
tions, and policy changes. It also explores mediating
variables such as risk mitigation strategies and fuzzy
logic model outputs, which influence the dependent
variable—supply chain resilience.

Weather uncertainties, such as erratic rainfall pat-
terns, temperature extremes, and climate change, sig-
nificantly affect agricultural output. Studies emphasize
the increasing unpredictability of weather conditions in
semi-arid regions such as Jordan. According to Gabr, re-
duced and variable rainfall, coupled with extreme tem-
peratures, adversely affects crop yields, leading to sup-

ply chain instability 23!,

Moreover, Sultana highlights
that climate variability not only decreases crop produc-
tivity but also creates economic challenges for stakehold-
ers reliant on steady yields?*].

Mitigation strategies, such as improved irriga-
tion systems and resilient crop varieties, are well-
documented in research. However, the adaptation rate
is insufficient due to financial and technical constraints
faced by Jordanian farmers[?°l. Furthermore, the re-
liance on rain-fed agriculture amplifies vulnerability to
these climatic shifts.

Market volatility arises from fluctuating agricul-
tural commodity prices and evolving consumer demand
patterns. Research shows that global price instabil-

ity disrupts local supply chains, affecting profitability
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and sustainability. In a study by Morales, international
market trends were identified as significant influencers
of local pricing structures, leading to economic stress
for smallholder farmers[?®], Moreover, consumer de-
mand fluctuations, especially during political or eco-
nomic crises, create a ripple effect throughout the sup-
ply chain?728]_ A study by Akayleh indicates that the
interdependence of Jordan’s agricultural market with
global supply chains introduces an additional layer of

1291, Policies aimed at stabilizing prices have

complexity
had mixed success, with interventions often failing to ad-
dress root causes such as demand-supply mismatches
and limited market access.

Pest outbreaks are recurrent risks that severely af-
fect agricultural productivity. The Mediterranean fruit
fly and wheat stem rust, among others, are cited as
major pests affecting crops in Jordan, as discussed by
Yaseen 3%), Such infestations not only reduce yield qual-
ity and quantity but also require significant financial in-
vestment for control measures. Studies, including those
by Insect Pests of the Jordan River Valley (Al-Ghor), em-
phasize the economic and logistical challenges posed by
pest outbreaks. Integrated pest management (IPM) ap-
proaches have shown promise in mitigating these risks
but require extensive training and resource allocation,
often lacking in rural Jordan 3%,

Transportation delays, inadequate infrastructure,
and inefficient supply chain management significantly
hinder the agricultural sector. Research by Khader et
al. identifies logistical bottlenecks as a primary cause
of post-harvest losses in Jordan, with an estimated 20-
30% of produce wasted annually 32!, Furthermore, the
lack of cold storage facilities exacerbates the perisha-
bility of crops, particularly during peak harvest sea-
sons. Agrawal et al. recommend investments in mod-
ern infrastructure and digital supply chain technologies
to enhance efficiency. However, implementation re-
mains slow, constrained by economic and regulatory
hurdles 331,

Policy changes, including subsidies, tariffs, and
trade regulations, shape the agricultural supply chain
landscape. A study by Feng et al. highlights how sud-
den regulatory shifts can destabilize the market, caus-

34]

ing uncertainty among stakeholders! For example,

reduced subsidies on essential inputs such as fertiliz-
ers and seeds have increased production costs, reduc-
ing competitiveness. Conversely, trade agreements and
subsidies have had mixed impacts, sometimes benefiting
large-scale agribusinesses at the expense of smallhold-
ers. Research underscores the need for inclusive policies
that balance economic growth with sustainability and
equity 351,

Risk mitigation strategies play a crucial role in
bridging the effects of risk factors and supply chain re-
silience. Diversification of suppliers, improved infras-
tructure, and optimized logistics are commonly cited
strategies. For instance, a study by Gao et al. found
that diversified supply chains are more resilient to dis-
ruptions caused by extreme weather events and market
volatility [3®]. Investment in infrastructure, particularly
cold storage and transport networks, has been shown
to reduce losses and improve efficiency. Furthermore,
capacity-building programs targeting stakeholders can
enhance decision-making and adaptive capacity, crucial
for mitigating risks 37,

Fuzzy logic models, used for risk assessment and
scenario analysis, provide valuable insights into the
severity and likelihood of supply chain risks. Zandi et
al. utilized fuzzy inference systems (FIS) to rank agricul-
tural risks in Jordan, identifying weather variability and

(38], These mod-

logistical disruptions as the most critical
els enable data-driven decision-making, offering a sys-
tematic approach to prioritizing mitigation efforts. How-
ever, challenges remain in integrating these models into
practice due to technical and resource constraints. Ex-
panding access to training and technological support is
essential to maximize their potential 3%,

Supply chain resilience refers to the capacity to
adapt, recover, and sustain operations amidst disrup-
tions. Research emphasizes the importance of resilience
in ensuring food security and economic stability. Ac-
cording to Afifa and Santoso, resilience is determined
by the robustness of risk mitigation strategies and the

adaptability of supply chain stakeholders 4],

Building
resilience requires a holistic approach, addressing vul-
nerabilities at multiple levels, including production, dis-
tribution, and policy frameworks. Research, such as the

study by Verner et al., suggests that collaborative efforts
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among stakeholders are critical for enhancing resilience,
particularly in resource-scarce contexts including Jor-
dan 1,

Geographical factors and stakeholder character-
istics are critical control variables influencing supply
chain dynamics[*?l. Regional differences in climate, in-
frastructure, and agricultural practices create variability
in risk exposure and adaptive capacity as indicated by
Briske et al[*3], Stakeholder characteristics, including ex-
pertise and resource availability, further affect the effec-

s*4. These factors must

tiveness of mitigation strategie
be carefully controlled to ensure accurate assessment of
risk-resilience relationships.

Despite extensive research on risk factors in agri-
cultural supply chains, significant gaps remain. First,
there is limited integration of localized data in risk as-
sessment models, which reduces their applicability to
Jordan’s unique context. Additionally, while risk mitiga-
tion strategies are well-documented, there is insufficient
analysis of their long-term effectiveness and scalability.

Furthermore, existing research often overlooks the in-

Agriculture SC Risk Factor

Weather Uncertainties
Market Volatility
Pest Outbreaks

terplay between different risk factors and their cumula-
tive impact on resilience. For instance, how do weather
uncertainties interact with market volatility or logisti-
cal disruptions? Addressing these gaps requires compre-
hensive, interdisciplinary approaches that incorporate
localized data and stakeholder insights.

1.3. Hypothesis Development

Based on the objectives of the study and the review
of related studies, the following hypotheses and concep-

tual model (Figure 1) were developed:

H;. The application of fuzzy logic significantly enhances
the identification, prioritization, and mitigation of risks
within Jordan’s agricultural supply chains by effectively
handling imprecise and uncertain data.

H;. Fuzzy logic-based risk assessment frameworks im-
prove decision-making and resilience across various
stages of the agricultural supply chain, particularly in
addressing weather uncertainties, market volatility, pest
outbreaks, logistical disruptions, and policy changes.

Logistical
Disruptions
s Policy Changes

> Supply Chain Resilience

Risk Mitigation Strategies
Fuzzy Logic Model Outputs
Geographical Factors
Stakeholder Characteristics

Figure 1. Conceptual Model of the Study.

Source: the Authors.

2. Materials and Methods

The study employed a descriptive-analytical re-
search design to investigate the application of fuzzy logic
in mitigating risks within Jordan’s agricultural supply
chains. The descriptive aspect focused on identifying
and categorizing key risks affecting various stages of the
supply chain, including production, storage, and distri-
bution. The analytical component involved the develop-

ment and evaluation of fuzzy logic-based models to pri-
oritize risks and suggest effective mitigation strategies.
This design allowed the integration of both qualitative
and quantitative data, providing a systematic framework
to address the inherent uncertainties prevalent in agri-
cultural risk management.

Data for the study were collected using a combi-
nation of primary and secondary sources to ensure a
holistic approach to risk identification and assessment.

192



Research on World Agricultural Economy | Volume 06 | Issue 03 | September 2025

Primary data were gathered through semi-structured in-
terviews and questionnaires administered to key stake-
holders, including farmers, supply chain managers, and
policymakers. These tools captured expert insights
into risk perceptions, existing mitigation strategies, and
decision-making processes under uncertain conditions.
Secondary data were obtained from governmentreports,
academic publications, and industry studies, encompass-
ing historical records of weather patterns, market price
fluctuations, pest outbreaks, and logistical disruptions.
This dual approach facilitated a comprehensive under-
standing of the risks and their impacts on the agricul-
tural supply chain in Jordan.

The target population consisted of stakeholders in-
volved in Jordan’s agricultural supply chains, including
farmers, distributors, and policymakers. A purposive
sampling technique was employed to select participants
with relevant experience and expertise in supply chain
operations. The sample size for the study was set at 313,
representing a diverse and adequate subset of the stake-
holder population. This sample size ensured the reliabil-
ity and validity of both qualitative and quantitative analy-
ses, capturing a broad spectrum of perspectives and data
points critical to the study’s objectives.

To effectively analyze the risks and uncertainties
within the agricultural supply chain, key measures were
developed and operationalized. Risks were categorized
into distinct groups, including weather uncertainties,
market volatility, pest outbreaks, logistical disruptions,
and policy changes. These categories were further eval-
uated using fuzzy variables, with membership functions
defined for terms such as ”Rainfall Variability,” "Mar-
ket Volatility,” and "Transport Delays.” These linguistic
terms were converted into quantitative fuzzy values to
facilitate precise analysis. Additionally, a Risk Severity
Index (RSI) was developed using a FIS to calculate the
severity of each risk based on inputs such as likelihood,
impact, and resilience level.

The study employed a combination of qualitative
and quantitative analytical techniques to assess and mit-
igate risks in the supply chain. Fuzzy rule-based systems
were developed and applied to evaluate and rank risks,
with fuzzy logic modeling allowing for the definition of

membership functions, fuzzy rules, and scenario simu-

lations. Risk mapping was conducted using Geograph-
ical Information Systems (GIS) to visualize risk propa-
gation across supply chain stages and identify critical
hotspots. Descriptive and inferential statistical analyses,
including correlation and regression, were used to vali-
date relationships between risk factors and supply chain
resilience. Scenario analysis was performed to simulate
"what-if” conditions, such as extreme weather events or
market shocks, testing the robustness of proposed miti-
gation strategies.

Ethical considerations were central to the study, en-
suring that the research was conducted with integrity
and respect for participants. Informed consent was ob-
tained from all participants, who were provided with
detailed information about the study’s objectives and
methods. Confidentiality was maintained by anonymiz-
ing data and safeguarding respondents’ identities and
sensitive information. Measures were taken to minimize
bias during data collection and analysis by ensuring a
diverse pool of respondents and avoiding leading ques-
tions. Additionally, the study design, including data col-
lection tools and analytical frameworks, was reviewed
and approved by an ethical review board in Zarga Uni-
versity No. 5283. These ethical practices ensured that
the research adhered to high standards of integrity while
generating credible and actionable insights.

3. Results

3.1. Descriptive Statistics

The descriptive analysis (Table 1) summarized the
characteristics of key variables influencing the agricul-
tural supply chain. Variables such as Rainfall Variability,
Market Price Volatility, Pest Outbreak Probability, and
Transportation Delays exhibited significant variability
across regions. For instance, Rainfall Variability ranged
from 62 to 237 mm, reflecting both stable and erratic
rainfall patterns across Jordan. Similarly, Market Price
Volatility had an average of 0.36, with substantial dif-
ferences between regions, indicating fluctuating com-
modity prices. Furthermore, Pest Outbreak Probability
showed a wide range, with probabilities as high as 0.9 in

some regions, indicating a severe risk of crop damage.
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Table 1. Descriptive Statistics.

Pest

Market

Government

Demand

Supply

Outbreak gg;lrguahty 5::;;:}“}, Price Support Fluctuation Chain Cost g:,f)l;e

Probability Volatility Index Score Per Ton
count 313 313 313 313 313 313 313 313
mean 0.532038187  5.401706 154.0169 0.30087 0477764761  0.498677351 122.9891982 61.86
std 0.264309477  1.35415 82.39499 0.116263 0.290280779  0.281600881 44.05761629  32.95
min 0.102605153  3.037577 11.14126 0.100634 0.005507454 0.000901862  50.84571509 4.656
25% 0.31523293 4.248947 80.63473 0.199368 0.219426041 0.253956644 82.41907026  32.51
50% 0.52512769 5.480662 154.5354 0.307252 0.468439011 0.505541469 120.9005739 62.01
75% 0.765434846  6.544987 226.1738 0.398759 0.707951378  0.739995322  161.46312 90.72
max 0.996429608  7.959239 299.186 0.499107 0.997595675  0.998492464 199.6877554 119.9

Source: the Authors.

These results underscore the highly uncertain and
diverse nature of risks faced by Jordan’s agricultural sup-
ply chains. The variability in rainfall patterns and mar-
ket conditions directly ties to the study’s objective of
identifying key risks. For instance, regions with high
rainfall variability are likely to face challenges in crop
production, necessitating localized interventions. Simi-
larly, the high pest outbreak probabilities highlight the
need for enhanced pest management systems to safe-
guard crops.

3.2. Risk Mapping by Region

The geographical distribution of risk scores re-
vealed substantial disparities between regions (see Ta-
ble 2). The South region exhibited the highest aver-
age risk score (68.03), indicating significant vulnerabil-
ities due to extreme weather, pest outbreaks, and logis-
tical inefficiencies. The East region also reported high
risk scores, while the Central and West regions demon-
strated comparatively lower risks. These differences re-
flect the uneven distribution of resources, infrastructure,

and environmental conditions across the country.

Table 2. Risk Mapping by Region.

Region Risk Score
Central 61.53487801
East 67.94825202
North 61.84929282
South 68.03107546
West 60.2198368

Source: the Authors.

The findings align with the objective of mapping
risks to specific supply chain stages and regions. The
high risk in the South region suggests a pressing need for
targeted interventions, such as improved storage facili-
ties, better transportation networks, and subsidies for
vulnerable farmers. The lower risk scores of the Cen-

tral region indicate relative resilience, potentially due to
better infrastructure or favorable environmental condi-
tions. Policymakers should focus on replicating success-
ful practices from the Central region in more vulnerable

areas.

3.3. Correlation Analysis

The correlation analysis highlighted significant re-
lationships between risk factors and supply chain per-
formance. Rainfall Variability was positively correlated
0.6), indicating that
higher rainfall variability increases the likelihood and

with the overall Risk Score (r =

severity of risks. Market Price Volatility showed a moder-
ate positive correlation with Supply Chain Cost per Ton
(r = 0.4), reflecting the financial impact of unstable mar-
ket conditions. Logistical factors, such as Transporta-
tion Delays and Storage Risks, were moderately corre-
lated with supply chain costs, emphasizing the role of in-
frastructure inefficiencies. These findings reinforce the
study’s objective of analyzing the impacts of identified
risks across different stages of the supply chain. For in-
stance, the strong correlation between rainfall variabil-
ity and risk scores suggests that climatic factors are a
dominant risk driver, warranting investment in weather-
resilient agricultural practices. Similarly, the impact of
market volatility on supply chain costs underscores the
need for regulatory measures, such as price stabilization
mechanisms, to protect farmers and distributors.

3.4. Linear Regression Analysis

A regression analysis was conducted to explore the
relationship between aggregated risk scores and sup-
ply chain costs. The results showed that risk scores

had a significant positive impact on costs, with a coef-
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ficient of 0.67, meaning that for every unit increase in
the risk score, the supply chain cost increased by 0.67
units. The model explained 54% of the variance in sup-
ply chain costs, as indicated by the R-squared value.
The regression findings demonstrate the financial bur-
den imposed by unmanaged risks, directly addressing
the study’s objective of quantifying the economic im-
pact of agricultural risks. While 46% of the variance re-
mains unexplained, likely due to other external factors,
the strong positive relationship underscores the urgency
of implementing risk mitigation strategies. By reducing
risk scores through targeted interventions, stakeholders
can achieve significant cost savings and improve supply

chain resilience.

3.5. Fuzzy Logic Modeling

A FIS was developed to evaluate and rank risks
based on inputs such as Rainfall Variability, Market Price
Volatility, and Pest Outbreak Probability. The system as-
signed risk levels on a linguistic scale (Low, Moderate,

High). Regions with high rainfall variability and mar-
ket volatility were consistently ranked as "High Risk.”
Conversely, regions with moderate variability and stable
market conditions were classified as "Moderate Risk”
The problem involved assessing agricultural risks
in Jordan and prioritizing mitigation strategies. The

model used three input variables:

a. Rainfall Variability (RV): Represents climate-related

uncertainties, measured in millimeters (mm).

b. Market Price Volatility (MPV): Indicates fluctuations

in commodity prices, measured as a normalized value
between 0.0 and 0.6.

c. Pest Outbreak Probability (POP): Reflects the likeli-
hood of pest infestations, represented as a probability
between 0.0 and 1.0.

The output variable, RSI, quantifies the overall risk
level, categorized as Low, Moderate, or High. The fuzzy
model defined linguistic terms for the inputs and output.
The membership functions for each variable were trian-
gular, as illustrated in Table 3 below.

Table 3. Linguistic Terms and Membership Functions.

Variable Linguistic Term Range Membership Function (Equation)
Low 0-100 mm
Rainfall Variability Moderate 100-200 mm uModerate(x) = maxz(0, min(z — 100/100, 200 — 2/100))
High 200-300 mm uHigh(z) = max(0, min(z — 200/100, 1))
Low 0.0-0.2 Triangular (similar approach)
Market Price Volatility Moderate 0.2-0.4 Triangular
High 0.4-0.6 Triangular
Low 0.0-0.3 Triangular
Pest Outbreak Probability Moderate 0.3-0.6 Triangular
High 0.6-1.0 Triangular
Low 0.0-0.3 Triangular
Risk Severity Index Moderate 0.3-0.6 Triangular
High 0.6-1.0 Triangular

The model fuzzified the inputs by determining the
degree of membership for each input in its respective lin-

guistic terms (Table 4). For example, if:

« Rainfall Variability = 150 mm
o Membership in Moderate: uModerate = 200 —

150/100 =05
o Membership in High: pHigh = 150 —
100 _
7100 = 0-5

¢ Market Price Volatility = 0.35

o Membership in Moderate: pModerate = 1.0
¢ Pest Outbreak Probability = 0.5
o Membership in Moderate: pModerate = 1.0

Table 4. Fuzzified Input Values.

Variable Linguistic Membership
Term Degree
. I Moderate 0.5
Rainfall Variability High 05
Market Price Volatility Moderate 1.0
Pest Outbreak Probability Moderate 1.0

Source: the Authors.
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The FIS was governed by a set of IF-THEN rules.
The rules used logical operators ("AND,” "OR”) to com-
bine input variables.

a. Rule 1: [F Rainfall Variability is High AND Market
Price Volatility is High AND Pest Outbreak Probability is
High, THEN Risk Severity is High.

b. Rule 2: IF Rainfall Variability is Moderate AND
Market Price Volatility is Moderate AND Pest Outbreak
Probability is Moderate, THEN Risk Severity is Moder-
ate.

c¢. Rule 3: IF Rainfall Variability is Low OR Market
Price Volatility is Low OR Pest Outbreak Probability is
Low, THEN Risk Severity is Low.

The FIS combined fuzzified inputs to compute the

fuzzy output using the rules. For example:

e Rule 2 Activation:
o Min(0.5,1.0,1.0) = 0.5

o Output: Moderate risk with a membership de-

gree of 0.5.

The response surface plot (Figure 2) visually illus-
trates the combined impact of Rainfall Variability and
Market Price Volatility on the Risk Score calculated by
the fuzzy logic model. It shows that as rainfall variabil-
ity increases, the risk score rises significantly, particu-
larly when market price volatility is also high. This high-
lights the synergistic effect of these two key risk factors,
reinforcing their importance in the overall risk assess-
ment framework. Stakeholders can use this relationship
to identify critical thresholds where interventions, such
as improved weather resilience strategies or market sta-
bilization policies, become necessary.

The fuzzy outputs from all rules were aggregated
into a single fuzzy set. The Centroid Method was used

for defuzzification, calculating the crisp output (RSI):

RSI = Z(membershipdegree) Z(membershipdegree x correspondingvalue)

Example Calculation:
e RSI=0.540.2(0.5 x 0.5) 4+ (0.2 x 0.75) = 0.575
¢ Result: Moderate-High Risk.
The crisp RSI output for the given inputs was 0.575

(Table 5), corresponding to a Moderate-High Risk level.
This suggests that the region under evaluation faces sig-
nificant risks requiring targeted interventions, such as

pest management and market stabilization strategies.

Response Surface for Risk Score as a Function of Rainfall Variability and Market Price Volatility
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Figure 2. Response Surface Plot.

Source: the Authors.
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Table 5. Fuzzy Model Output.

. Linguistic Output
Input Variable Value Term (RSI)
Rainfall Variability 150 mm  Moderate, High 0.575
Market Price Volatility 0.35 Moderate
Pest Outbreak Probability 0.5 Moderate

Source: the Authors.

The fuzzy logic model effectively integrated mul-
tiple risk factors and provided a structured risk sever-
ity score. It demonstrated adaptability to varying con-
ditions and proved to be a practical decision-making
tool for prioritizing interventions in Jordan’s agricul-
tural supply chain. This model can guide policymakers
and stakeholders in targeting high-risk areas with cus-
tomized mitigation strategies. The fuzzy logic model
effectively addressed the study’s objective of develop-
ing a risk assessment framework that accounts for un-
certainty and imprecision. The ability to rank risks lin-
guistically provides an intuitive decision-making tool for
stakeholders, enabling them to prioritize high-risk areas.
For example, regions classified as "High Risk” should re-
ceive immediate attention in terms of resource alloca-
tion and policy interventions.

The fuzzy logic model successfully translated un-
certain and imprecise data into actionable insights,
demonstrating its adaptability to dynamic conditions.
For example, in scenarios involving increased rainfall
variability or higher pest outbreak probabilities, the
model recalculated risk levels and adjusted recommen-
dations accordingly. This ability to prioritize risks under
changing conditions makes the fuzzy logic framework an
essential tool for enhancing decision-making in agricul-
tural supply chain management. By providing a clear,
quantifiable measure of risk severity, the model sup-
ports stakeholders in focusing their resources on high-

risk regions and addressing vulnerabilities effectively.

3.6. Scenario Analysis

To test the resilience of the supply chain under ad-
verse conditions, an extreme weather scenario was sim-
ulated by increasing Rainfall Variability by 50%. This led
to a 20-30% increase in average risk scores across all re-
gions. The South region experienced the sharpest rise,
highlighting its vulnerability to climatic extremes. While

the Central region showed a smaller increase, it revealed

hidden vulnerabilities under extreme scenarios. The sce-
nario analysis underscores the fragility of the agricul-
tural supply chain in the face of extreme weather events,
directly aligning with the study’s objective of evaluat-
ing mitigation strategies. The significant increase in risk
scores in the South region highlights the need for climate
adaptation measures, such as drought-resistant crops
and enhanced irrigation systems. For the Central region,
the findings suggest that even relatively resilient areas
are not immune to extreme conditions, emphasizing the

need for proactive planning.

3.7. Level Curve Analysis

A contour plot (Figure 3) was generated to visual-
ize the interaction between Rainfall Variability, Market
Price Volatility, and the resulting Risk Score. The plot re-
vealed that regions with high rainfall variability and mar-
ket volatility are concentrated in the upper-right quad-
rant, corresponding to the highest risk levels. In con-
trast, regions with stable rainfall and market conditions
occupied the lower-left quadrant, exhibiting the lowest
risk levels. The level curve analysis provides a clear vi-
sual representation of how key risk factors interact, di-
rectly addressing the study’s objective of understanding
the propagation of risks. This tool can guide stakehold-
ers in identifying high-risk zones and tailoring interven-
tions to address specific combinations of risk factors.

3.8. Hypothesis Testing Results

The study’s hypotheses were tested using regres-
sion analysis, correlation analysis, and fuzzy logic mod-
eling. These analyses provided critical insights into
the validity of the proposed hypotheses and their align-
ment with the study’s objectives. The first hypothesis
(H1) posited that the application of fuzzy logic signif-
icantly enhances the identification, prioritization, and
mitigation of risks within Jordan’s agricultural supply
chains by effectively handling imprecise and uncertain
data. The results strongly supported this hypothesis.
The FIS successfully converted imprecise inputs, such
as rainfall variability, market price volatility, and pest
outbreak probability, into a linguistic risk classification
(Low, Moderate, High). The fuzzy logic model consis-
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tently ranked risks, identifying high-risk regions such as
the South and East, and its outputs agreed with statisti-
cal findings. The adaptability of the fuzzy logic frame-
work was further validated during the scenario analy-
sis, where an extreme weather event simulated by in-
creasing rainfall variability by 50% resulted in a 20-30%
increase in risk scores. The fuzzy model dynamically
re-ranked the risks, highlighting its practical utility in
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Level Curve of Risk Score in Relation to Rainfall Variability and Market Price Volatility

adapting to changing conditions. The level curve anal-
ysis further confirmed the model’s capacity to handle
complex interactions between risk factors and provide
clear visual representations of risk levels. These results
demonstrate that fuzzy logic effectively addressed uncer-
tainties in the data and enabled actionable risk prioriti-
zation, aligning directly with the study’s objective of cre-
ating a robust risk assessment framework.
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Figure 3. Contour Plot.

Source: the Authors.

The second hypothesis (H;) proposed that fuzzy
logic-based risk assessment frameworks improve
decision-making and resilience across various stages of
the agricultural supply chain, particularly in addressing
weather uncertainties, market volatility, pest outbreaks,
logistical disruptions, and policy changes. The results
strongly supported this hypothesis as well. The regres-
sion analysis revealed a significant positive relationship
between risk scores (aggregated using fuzzy logic) and
supply chain costs, with a coefficient of 0.67, indicating
that higher risk scores are associated with increased

costs. The R-squared value of 0.54 showed that 54% of

the variance in supply chain costs could be explained
by the risk scores, highlighting the economic impact of
unmanaged risks. Additionally, the correlation analysis
demonstrated strong relationships between key risk fac-
tors, such as rainfall variability and market price volatil-
ity, and supply chain costs, validating the relevance of
these inputs in the fuzzy model. High-risk regions iden-
tified by the fuzzy logic framework, such as the South,
also showed the highest operational challenges and sup-
ply chain costs, indicating the model’s practical utility in
guiding targeted interventions.

The fuzzy model’s ability to simulate "what-if” sce-
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narios further enhanced its decision-making capabilities.
For example, during the extreme weather scenario, the
significant spike in risk scores across regions demon-
strated the fragility of the supply chain under adverse
conditions, reinforcing the need for resilience strate-
gies. The fuzzy model provided actionable insights into
how risks propagate and impact supply chain resilience,
aligning with the study’s objective of evaluating the ef-
fectiveness of mitigation strategies. Both hypotheses
were strongly supported by the results. The fuzzy logic-
based framework was shown to be a powerful tool for ad-
dressing uncertainties, accurately identifying and prior-
itizing risks, and enhancing decision-making across var-
ious stages of the supply chain. The model’s ability to
adapt to changing conditions and simulate potential out-
comes provides stakeholders with a practical decision-
support system for resource allocation and policy formu-
lation, thereby improving the overall resilience and effi-

ciency of Jordan’s agricultural supply chains.

4. Discussion

The findings of this study provide important in-
sights into the application of fuzzy logic for managing
risks in agricultural supply chains, particularly in a re-
gion as vulnerable as Jordan. The agricultural supply
chain is inherently characterized by uncertainties, in-
cluding climate variability, market fluctuations, and lo-
gistical inefficiencies. These challenges are exacerbated
in countries with limited resources and fragile infras-
tructure, making effective risk management a critical pri-
ority. In this context, this study aligns with previous
research emphasizing the need for robust and adaptive
frameworks to address the multifaceted nature of agri-
cultural supply chain risks.

Fuzzy logic has emerged as a valuable tool in sup-
ply chain management due to its ability to handle im-
precise and uncertain data. Studies by Zandi et al. and
Ettahiri et al. have demonstrated the efficacy of fuzzy
logic in decision-making processes where data uncer-
tainty and subjectivity are prevalent, such as in assess-
ing risks or forecasting supply chain disruptions [384°],
Similar to these studies, the current research highlights

how fuzzy logic can simplify complex risk environments,

offering a decision-making framework that translates
qualitative perceptions into actionable quantitative out-
puts. This approach is particularly relevant for agricul-
ture, where stakeholders often rely on subjective assess-
ments of weather patterns, market trends, or pest out-
breaks to make critical decisions.

The focus on regional disparities in risk levels fur-
ther builds on existing literature that has stressed the
importance of localized approaches to risk management.
For example, Hazell emphasized that agricultural risks
vary significantly across regions due to differences in
climatic conditions, market infrastructure, and resource
availability *®l, This study reinforces the argument that
blanket strategies for risk mitigation may fail to address
the specific vulnerabilities of high-risk regions, such as
the southern parts of Jordan. By mapping risks geo-
graphically, the research underscores the need for tar-
geted interventions tailored to the unique characteris-
tics of each region.

The role of climate variability as a dominant risk
factor in agricultural supply chains is well-documented
in past studies. Research by Tchonkouang et al. high-
lighted that rainfall variability, droughts, and extreme
weather events are among the primary disruptors of
agricultural productivity and supply chain stability [7].
This study’s focus on incorporating climatic variables
into a fuzzy logic framework complements such findings
by providing a structured approach to assess the likeli-
hood and impact of these disruptions. Moreover, this
research supports the argument made by Mushtaq et
al. that integrating climate data into risk management
models is crucial for enhancing resilience in agriculture-
dependent economies [8],

From a methodological perspective, this study con-
tributes to the growing body of work advocating for the
integration of fuzzy logic with other analytical methods,
such as risk mapping and scenario simulations. Previous
studies, including those by Nakandala et al. and Li et al,,
have called for the adoption of hybrid approaches to ad-
dress the limitations of traditional risk assessment tools,
which often fail to capture the dynamic and interactive

149501 By combining fuzzy

nature of supply chain risks
logic with geographical risk mapping and scenario analy-

sis, this research demonstrates the potential for creating
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comprehensive risk management systems that are both
adaptive and data-driven.

Policy implications derived from this study also
align with broader global efforts to build resilience in
agricultural supply chains. Initiatives by international
organizations, such as the FAO and World Bank, empha-
size the importance of proactive risk mitigation strate-
gies, including investments in infrastructure, market
stabilization mechanisms, and climate-resilient farming

practices °1.

This study’s emphasis on localized inter-
ventions, such as improving logistics in high-risk regions
and stabilizing market conditions, echoes these global
recommendations while tailoring them to the specific
context of Jordan.

The theoretical contributions of this research also
warrant attention. By extending the application of fuzzy
logic to agricultural risk management, the study pro-
vides a framework that bridges the gap between qualita-
tive assessments and quantitative decision-making tools.
This addresses a key limitation identified in prior re-
search such as that by McDonald-Madden et al. and
Bertsimas et al.,, where the absence of robust models
for handling data uncertainty often resulted in subopti-
mal decisions ®2°3], Furthermore, the use of fuzzy logic
for scenario simulations adds a layer of flexibility to the
risk management process, allowing stakeholders to an-
ticipate and prepare for potential disruptions.

However, it is essential to recognize the challenges
associated with implementing fuzzy logic-based frame-
works in real-world agricultural supply chains. Previ-
ous studies, such as those by Kruse et al. and Flood et
al,, have highlighted barriers such as the lack of techni-
cal expertise, limited access to quality data, and resis-
tance to adopting new technologies among stakehold-

[5455] " These challenges are particularly relevant in

ers
developing countries such as Jordan, where resource
constraints and infrastructural limitations may hinder
the widespread adoption of advanced risk management
tools. Addressing these barriers requires capacity-
building initiatives, including training programs for
farmers and supply chain managers, as well as invest-
ments in data collection and monitoring systems.

This study contributes to the existing literature by

demonstrating the potential of fuzzy logic to address the

complexities of agricultural supply chain risks. It vali-
dates the use of adaptive and localized risk management
frameworks, offering a practical solution for stakehold-
ers navigating uncertain environments. By aligning with
and extending previous research, the study underscores
the critical role of innovative methodologies in enhanc-
ing the resilience and sustainability of agricultural sup-
ply chains, particularly in vulnerable regions such as Jor-
dan. The findings also emphasize the importance of pol-
icy support and capacity-building efforts to ensure the

successful implementation of these frameworks.

5. Conclusion

This study demonstrated the effectiveness of fuzzy
logic as arobust tool for identifying, prioritizing, and mit-
igating risks in Jordan’s agricultural supply chains. By
addressing uncertainties in data, the fuzzy logic frame-
work provided actionable insights for stakeholders, en-
abling localized and adaptive interventions to enhance
resilience. The integration of fuzzy logic with risk map-
ping and scenario analysis emphasized the importance
of region-specific approaches, particularly in high-risk
areas such as the South. The findings align with previous
research, underscoring the critical role of climate vari-
ability, market volatility, and logistical inefficiencies as
primary risk drivers. This research contributes to the
field by offering a scalable and flexible decision-making
framework for risk management. To ensure successful
implementation, policymakers should focus on building
capacity, improving infrastructure, and supporting farm-
ers with climate-resilient strategies and market stabi-
lization initiatives. These efforts will strengthen the sus-
tainability and efficiency of agricultural supply chains in

Jordan and beyond.
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