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The present study has designed resilience scenarios for the sesame
industry supply chain in Yazd province using mathematical modeling.
Given the importance of sesame as a strategic product and its role in the
local economy, the need for a resilient and flexible supply chain against
various challenges, including climate change, market fluctuations, and
logistical problems, is clearly felt. For this purpose, in order to complete
the resilience assessment, a mathematical model has been proposed to
select optimal scenarios in the sesame industry supply chain based on the
risks that arise in the face of economic changes and market fluctuations.
A mixed integer nonlinear programming (MINLP) model, which is
nonlinear due to the adoption of a comprehensive objective function, has
been proposed. The results of this study show that using mathematical
models, various scenarios can be designed to assess the resilience of the
supply chain in various dimensions such as technical; cost; market; and
organizational. These scenarios allow managers and decision makers to
identify the strengths and weaknesses of the supply chain by simulating
different conditions and adopt effective strategies to improve resilience.
According to the results obtained, the total utility generated by assigning
scenarios to each risk is calculated to be 1442 and the total cost of this
allocation is 41301 monetary units. This research shows that designing
supply chain resilience scenarios for sesame industries not only helps to
improve the efficiency and sustainability of these industries, but also
brings them closer to achieving the goals of sustainable development and
conservation of natural resources. Given the challenges ahead, this
approach can be used as a key tool to strengthen the resilience and
sustainability of the supply chain in Yazd province.
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1) INTRODUCTION

In today's global economy, on the one hand, companies continue to strive to gain competitive advantage
and to survive in the market, and on the other hand, customers are looking for goods and services that
meet their needs; therefore, supply chain management is an important and essential element for
responding to customer needs and gaining sustainable competitive advantage [1]. From this perspective,
the supply chain does not only include manufacturers and suppliers, but also includes carriers,
wholesalers, retailers, and customers. Also, given that organizations operate in a variable and
unpredictable environment and there is no escape from disruptions in their supply chain, their supply
chain must be designed in such a way that it has the necessary ability to respond efficiently and
effectively to any event and can achieve the initial or even more desirable state after the disruption [2].
Disruptions are sudden and unexpected failures that are the result of various factors such as natural
disasters, fires, loss of vital suppliers, war, cyber-attacks, economic recession, sanctions and economic
shocks, terrorism, etc. In such circumstances, the need to design a more resilient supply chain model
becomes apparent [3]. The resilience approach in supply chain management aims to create the ability of
a supply chain to return to its original state with a new and more favorable state, after analyzing the
disruption and avoiding the occurrence of failure states. Also, the nature of a resilient supply chain is
different from other supply chains such as lean, agile, etc. and has its own problems and difficulties that
must be properly identified, so that the chain can remain competitive [4]. Therefore, companies can
manage supply chain failures through resilience and continue to deliver their products and services to
customers. Given the importance of the issue, employees at all levels of the company should be aware
of failures and strive to learn from even small failures within the supply chain. In order to specialize
management and respond to real and perceived risks, managers should create an appropriate
infrastructure for formal risk management by allocating human resources and information resources [6].
On the other hand, decision-making problems are usually defined under conditions of uncertainty due
to the low knowledge of humans or the low accessibility of decision-makers to information. In this case,
it is better for experts to present their assessment with verbal variables, which has led to the use of fuzzy
logic. Also, experts usually hesitate between different words to present their opinions; that is, instead of
a membership degree, they have a set of possible values for the membership degree, which is used to
solve this problem with the fuzzy set approach [7]. The sesame industry supply chain of Yazd province,
as one of the key sectors in the food and economic supply of this region, faces several challenges.
Climate change and market fluctuations, as two main factors, have profound effects on the performance
and resilience of this supply chain. Climate change can lead to changes in production patterns, reduced
product quality, and increased production costs. On the other hand, market fluctuations, including
changes in prices and demand, can lead to uncertainty in the supply of raw materials and the distribution
of finished products. These challenges require the development of resilience scenarios that can make the
supply chain more resilient to these changes [8]. However, selecting appropriate scenarios for resilience
requires comprehensive mathematical modeling that can analyze the complex interactions between
different factors. This model must be able to evaluate different scenarios based on performance criteria
such as cost, risk, etc. in order to improve the level of desirability among customers. Also, mathematical
modeling allows for accurate and systematic analysis of the interactions between different factors in the
supply chain. Using mathematical models, it is possible to simulate complex relationships between
variables and examine the effects of climate change and market fluctuations on supply chain
performance [9]. In addition, mathematical modeling can help assess the risks associated with climate
change and market fluctuations. By identifying and analyzing risks, effective strategies can be developed
to mitigate their negative impacts on the supply chain [10].

The main issue of this research is to develop a mathematical model for selecting scenarios for the
resilience of the sesame industry supply chain in Yazd province in the face of climate change and market
fluctuations in order to deal with existing risks and control costs to increase the desirability of products
among customers. This model will help decision-makers to identify and evaluate different scenarios and
adopt effective strategies to increase resilience and improve the performance of their supply chain.
Therefore, to achieve the goals envisaged in this research, the main questions considered are: How can
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the effects of climate change and market fluctuations on sesame production and distribution be included
in mathematical models?

2) Solution Methid
To complete the resilience assessment, a mathematical model is proposed in this study to select optimal
scenarios in the sesame industry supply chain based on the risks that arise in the face of economic
changes and market fluctuations. For this purpose, a mixed integer nonlinear programming (MINLP)
model, which is nonlinear due to the adoption of a comprehensive objective function, is proposed. The
following sets, parameters, and decision variables used in the formulation of the mathematical model
are specified. The model assumption is follow as:

» Each major risk is divided into different levels.

* The total budget allocated to implement the risk strategy is known.

* The number of risks is known.

* The cost of implementing each scenario assignment to the risk is known.

* The severity of each risk is known.

* The importance of each risk is known.

» The contribution of each risk to the scenario selection is one scenario. That is, at least one risk is
considered for each scenario.

* The impact of implementing the scenarios on each other is considered.

* The mutual impact of risks on each other is considered.

» It is not possible to implement the scenarios simultaneously.

* The planning horizon is limited and one year.

* The order of implementing the scenarios does not affect their impact on the risk in question.

3) conclusion

The present study has designed scenarios for the resilience of the sesame industry supply chain in Yazd
province using mathematical modeling. Given the importance of sesame as a strategic product and its
role in the local economy, the need for a resilient and flexible supply chain against various challenges,
including climate change, market fluctuations, and logistical problems, is clearly felt. The results of this
study show that using mathematical models, various scenarios can be designed to assess the resilience
of the supply chain in various dimensions such as technical; cost and market, and organizational.
According to the results obtained, assigning the strategy to the cost, budget, and market risk group brings
the least amount of utility to customers, while the organizational group creates the most utility. The
reason for this is that risks related to cost, budget, and market are generally dependent on external and
uncontrollable factors that can directly affect price, costs, and access to products. These uncertainties
can cause concern and uncertainty in customers, and as a result, reduce their utility. On the other hand,
organizational group risks are usually related to internal and controllable factors. By effectively
managing these risks, organizations can gain customer trust and ensure that services and products are
provided in the best possible way. Therefore, allocating a strategy to the organizational risk group can
lead to increased customer utility, because these risks are more under the organization's control and can
help improve quality and customer experience. In contrast, cost, budget, and market risks usually create
the least utility due to uncertainty and negative impacts on price and availability of products. Also, the
organizational risk group has the highest cost of allocating a strategy to deal with risk. These scenarios
allow managers and decision makers to identify the weaknesses and strengths of the supply chain by
simulating different conditions and adopt effective strategies to improve resilience. In addition, this
research emphasizes the importance of collecting reliable and up-to-date data. Accurate and
comprehensive data can help improve the accuracy of the designed models and, as a result, provide
better decisions in the field of supply chain management. Considering the challenges ahead, this
approach can be used as a key tool to strengthen the resilience and sustainability of the supply chain in
Yazd province. For the development of the model in future studies, considering that this paper lacks a
robustness study; and considering the parameters considered such as scenario effectiveness and cost
estimation, a robust mathematical model can be developed by applying uncertainty parameters. In
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addition, developing the proposed model as a multi-objective model by simultaneously considering the
utility objective functions along with the cost function and determining trade-off solutions based on the
two objective functions can help advance the subject.
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