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The study aims to design a mathematical model of futures contracts to reduce and cover financial risks in supply chain
management. This applied research employed a mathematical modeling approach. Genetic algorithms, particle swarm
optimization, and a hybrid approach combining the two were used to solve the model. The proposed model was developed
based on minimizing the total opportunity cost (TOC) and implemented as a case study in Iran Khodro Company. Data were
collected through a field-based approach using the company’s operational information. The findings revealed that futures
contracts effectively reduced price fluctuations and contributed to managing financial risks in the supply chain. The hybrid
genetic—particle swarm algorithm demonstrated higher accuracy in predicting risks and optimizing supply chain performance
compared to the individual algorithms. It minimized errors under different market conditions and provided estimates closer
to real-world data. Futures contracts serve as an effective tool for mitigating financial risk in supply chains and improving
companies’ financial performance. The use of hybrid algorithms in modeling enhances prediction accuracy and efficiency by
overcoming the weaknesses of single methods, offering a practical solution for risk management in complex supply chain
environments.
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Extended Abstract

Introduction

Supply chain management (SCM) has increasingly become a focal point of academic and industrial research due to
globalization, heightened competition, and growing uncertainty in global markets (Chopra & Meindl, 2007). A supply chain,
by definition, is a complex network of suppliers, manufacturers, distributors, and retailers, and it operates under significant
risks that can disrupt the natural flow of materials, finances, and information (Harland et al., 2003). Disruptions in one
segment often cascade throughout the entire chain, leading to operational and financial inefficiencies (Hosseini & Sheikhi,
2013). Hence, the importance of designing robust mechanisms for supply chain risk management (SCRM) has grown
remarkably in recent years.

Financial risks, particularly those arising from price fluctuations of raw materials, transportation costs, and market
instability, are among the most critical threats to supply chain performance (Garvey & Carnovale, 2020). Traditional risk
management tools have proven insufficient in dealing with the highly dynamic and non-linear risk propagation in supply
chains (Huo et al., 2019). Futures contracts, as one of the key financial instruments, have long been recognized for their ability
to hedge against market volatility and stabilize expected financial outcomes (Soleimani, 2019). They offer buyers and sellers
the opportunity to agree on a predetermined price for future transactions, thus mitigating uncertainty and enabling smoother
cash flow management (Al-e Ali et al., 2020).

Scholars have stressed that while futures contracts are effective in risk hedging, their implementation requires advanced
modeling and optimization methods due to the stochastic nature of supply chain risks (Zenios, 2007). Mathematical models
provide an abstract yet practical representation of complex realities, simplifying decision-making under uncertainty (Comelli
et al., 2008). In this context, metaheuristic algorithms such as Genetic Algorithms (GA) and Particle Swarm Optimization (PSO)
have emerged as powerful tools to solve large-scale, non-linear optimization problems that characterize financial risk
management (Salahi, 2020). The integration of such algorithms in hybrid forms has been shown to increase accuracy and
efficiency by combining the strengths of different techniques while mitigating their weaknesses (Garvey & Carnovale, 2020).

Recent research has highlighted several dimensions of supply chain risk. On one hand, structural studies emphasize
interdependencies among different risks and their cascading effects (Chowdhury et al., 2019). On the other, behavioral
models underline how herd mentality and risk preferences influence risk propagation in supply networks (Huo et al., 2019).
Moreover, leadership and governance factors significantly shape multi-tier sustainable supply chain management, showing
that risk management is not merely technical but also organizational (Jia et al.,, 2018). To further complicate matters,
digitalization and artificial intelligence are redefining how risks are assessed and mitigated. Studies demonstrate that Al-
driven frameworks improve agility and predictive capabilities (Wong et al., 2024), while deep learning models have been
applied to forecast delays in supply chains based on macroeconomic indicators (Gabellini et al., 2024).

Beyond financial efficiency, risk management strategies are also increasingly linked to resilience and sustainability goals.
Research on green building supply chains has identified resilience capabilities as key to mitigating both economic and
environmental risks (Jiang et al., 2024). Similarly, resilience strategies in the automotive industry, grounded in stakeholder
theory, underline the importance of collaborative approaches (Jum’a et al., 2024). Broader frameworks, such as Lean, Agile,
Resilient, and Green (LARG) supply chains, highlight the multidimensionality of risk management (Rachid et al., 2024). These

frameworks emphasize the need for integrated approaches that balance efficiency, adaptability, and sustainability.
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The present study builds on these perspectives by designing a mathematical model that integrates futures contracts as a
hedging mechanism into supply chain financial risk management. By employing GA, PSO, and a hybrid GA-PSO approach, the
study aims to minimize the total opportunity cost (TOC) within the supply chain. The model was tested through a case study
in Iran Khodro Company, a leading automotive manufacturer. This setting provides a practical context for validating the
theoretical assumptions, given the automotive industry’s exposure to global risks and its reliance on efficient risk
management strategies (Doaei & Farzamian, 2020; Naved, 2025).

Therefore, this research contributes to the literature by combining financial hedging instruments with advanced
computational optimization techniques, offering both theoretical insights and practical solutions for managing supply chain
risks in complex environments.

Methods and Materials

This study adopts an applied research design grounded in mathematical modeling. The proposed model focuses on
minimizing the total opportunity cost (TOC), incorporating variables related to inventory holding, futures contracts, order
decisions, and financing costs. Futures contracts are embedded in the model to mitigate the adverse effects of price
fluctuations across supply chain stages.

To solve the optimization problem, three approaches were employed: Genetic Algorithm (GA), Particle Swarm
Optimization (PSO), and a hybrid GA-PSO method. These metaheuristic algorithms were chosen for their robustness in
handling large-scale, non-linear problems with multiple variables and constraints. The hybrid model was specifically designed
to capitalize on the exploration capacity of GA and the exploitation ability of PSO.

The model was implemented in Iran Khodro Company, one of the largest automotive manufacturers in Iran, serving as a
case study. Operational and financial data from the company were collected, including procurement costs, inventory records,
and market price fluctuations. Field methods, including direct observation and interaction with supply chain managers, were
employed to ensure accuracy and relevance of the dataset.

Simulation experiments were carried out to test the performance of each algorithm under different risk scenarios.
Performance metrics included accuracy in risk prediction, minimization of TOC, and proximity of modeled results to real-
world data.

Findings

The results of the analysis demonstrated that futures contracts significantly reduced the volatility of costs associated with
supply chain operations. The TOC function, incorporating inventory holding, contract costs, and financing, was effectively
minimized through the proposed optimization model.

The GA approach provided feasible solutions but was limited in precision due to premature convergence in some cases.
PSO showed better adaptability to dynamic conditions but occasionally suffered from local optima traps. In contrast, the
hybrid GA-PSO approach consistently outperformed both individual methods by producing results closer to actual observed
data and with lower error margins.

The hybrid model achieved higher accuracy in predicting risk scenarios, as indicated by smoother and more stable
distribution of loading factors in simulations. It also minimized deviations between predicted and real-world data,

demonstrating stronger robustness against different risk conditions.

YOA



DOOST GHARIN ET AL.

Sensitivity analyses confirmed that futures contracts were effective in mitigating the adverse impacts of price fluctuations
in both short-term and long-term horizons. This led to enhanced financial stability and better alignment between supply and
demand dynamics within the supply chain.

Overall, the hybrid GA-PSO approach proved to be the most effective method for optimizing supply chain financial risk
management, confirming its superiority in both predictive accuracy and cost minimization.

Discussion and Conclusion

The findings highlight the critical role of futures contracts in managing financial risks within supply chains. By stabilizing
cash flows and reducing exposure to price volatility, these instruments contribute to improved financial performance and
resilience. The hybrid GA-PSO approach demonstrated its value by addressing the limitations of individual algorithms,
providing more accurate and reliable predictions.

The results align with prior studies emphasizing the importance of integrating financial instruments with advanced
optimization models for effective risk management (Comelli et al., 2008; Zenios, 2007). They also support evidence from
industry-specific research showing that futures contracts are effective in hedging risks across sectors such as oil markets (Al-
e Ali et al., 2020) and automotive supply chains (Doaei & Farzamian, 2020).

Furthermore, the study complements emerging literature on digital and Al-driven risk management (Gabellini et al., 2024;
Wong et al., 2024), resilience strategies (Jiang et al., 2024; Jum’a et al., 2024), and integrated frameworks for sustainable
supply chains (Rachid et al., 2024). By embedding futures contracts into a computational optimization framework, the
research bridges traditional financial tools and modern technological approaches, offering a comprehensive pathway for
managing risks in today’s volatile global supply chains.

In conclusion, futures contracts, when combined with advanced optimization algorithms, provide a powerful mechanism
for enhancing financial stability and resilience in supply chains. The proposed hybrid GA-PSO model not only ensures better

risk prediction and cost minimization but also contributes to broader goals of efficiency, adaptability, and sustainability.
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