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Abstract:

This study examines the role of futures contracts in financial risk management within the supply chain under the volatile economic
conditions of Iran. In light of challenges arising from price and currency fluctuations, financial instruments such as futures contracts are
analyzed as a strategy to mitigate risk and enhance stability across the supply chain. The research introduces a mathematical model based
on a hybrid of the Genetic Algorithm (GA) and Particle Swarm Optimization (PSO), integrating them into a Hybrid Genetic-Particle algorithm
(HGP), to account for critical factors such as risk aversion levels, demand variability, and price volatility. The dataset utilized in the study
was extracted from the Iran Khodro Company. The results demonstrate that the HGP algorithm outperforms both GA and PSO in terms of
accuracy for risk prediction and factor loading, exhibiting a lower margin of error in modeling long-term risks and price fluctuations.
Moreover, the sensitivity analysis of futures contracts reveals that these instruments can be effectively employed for risk hedging under
conditions of economic instability. This study offers a practical framework and proposes strategies to improve supply chain management
within domestic industries, emphasizing the need to strengthen financial infrastructure and establish transparent regulatory frameworks.
Based on the findings, it is recommended that the HGP model be applied in key industries such as automotive manufacturing and
petrochemicals to evaluate its operational efficiency. Additionally, the development of artificial intelligence software for risk monitoring,
enhancement of decision-making processes, and the formulation of standardized methodologies for risk assessment and contract valuation
by regulatory bodies can significantly contribute to the reinforcement of financial infrastructure.
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Extended Abstract

Introduction

In recent decades, the importance of supply chain management (SCM) has grown exponentially due to the increasing
complexity of global markets, technological advancements, and dynamic consumer demands. As the global economy
continues to evolve, businesses face heightened challenges in ensuring stability, efficiency, and resilience within their supply
chains. Originally conceptualized in the early 1990s, SCM has transformed from a logistics-centric function into a strategic
cornerstone of modern organizations (Hou-ca, 2000). It encompasses the coordination of procurement, production,
distribution, and delivery activities aimed at minimizing costs while maximizing customer satisfaction (Roy et al., 2021). In
this context, globalization has played a dual role—expanding market access while simultaneously increasing vulnerability to
supply chain disruptions (Vidrova, 2020). As businesses strive to meet these challenges, effective SCM is viewed not merely
as an operational necessity but as a competitive advantage in global markets (Gonzalez-Loureiro et al., 2015).

In volatile economic environments such as Iran, characterized by high inflation rates, exchange rate fluctuations, and
geopolitical uncertainties, the management of financial risks within the supply chain becomes paramount. The use of financial
instruments like futures contracts offers a strategic approach to mitigating these risks by locking in future prices and providing
protection against market shocks (Liu & Wang, 2019). Futures contracts serve as a critical component of financial hedging
strategies, particularly in sectors where pricing volatility directly impacts procurement and production costs (Caldentey &
Haugh, 2009). However, the successful application of such tools requires advanced mathematical models that account for
multiple uncertainty parameters and are capable of real-time decision support. To this end, hybrid algorithms that combine
genetic algorithms (GA) and particle swarm optimization (PSO) have emerged as powerful tools in predictive modeling for
supply chain risk management (Kline, 1994).

Simultaneously, sustainability and integrated supply chain frameworks have gained traction across both developed and
developing economies. The implementation of green supply chain models, as discussed in (Eslaminejad, 2023), highlights the
necessity of embedding ecological considerations alongside financial strategies. Similarly, the systematic review by (Koberg
& Longoni, 2019) emphasizes the role of sustainable practices and supplier evaluation criteria in mitigating operational and
social risks. In emerging markets, such as Iran, where macroeconomic instability is prevalent, supply chain risk modeling must
consider the multifaceted nature of uncertainty. Therefore, the present study contributes to this growing field by developing
a hybrid genetic—particle swarm optimization (HGP) model to analyze the effectiveness of futures contracts in mitigating
price-based risks in supply chain operations.

In addition to aligning with theoretical frameworks, the present study builds upon recent empirical works focused on data-
driven and tech-enabled SCM. Research by (Shukla & Singh, 2024) demonstrated how real-time data processing and
algorithmic concurrency revolutionize SCM by enhancing risk anticipation and responsiveness. Furthermore, (Eyieyien et al.,
2024) introduced a conceptual framework that ties advanced logistics technologies to competitiveness in the UK market,
underscoring the relevance of intelligent modeling in today’s supply chain systems. The relevance of such models is reinforced
by (Qian & Arkadievna, 2024), who explored the stability of global supply chains under trade uncertainties, and by
(Beigmohammadi, 2024), who empirically identified critical success factors for sustainable SCM in petrochemical industries.

By integrating these insights and adopting real-world data from a major Iranian automotive firm (Iran Khodro), this research

presents a tailored mathematical model suitable for implementation in unstable economic environments.
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Methods and Materials

This study employs a mathematical modeling approach based on a hybrid genetic—particle swarm optimization (HGP)
algorithm. The goal is to optimize risk management in the supply chain by simulating the behavior of futures contracts under
fluctuating economic conditions. The model includes key variables such as risk aversion level, demand diversity, and price
volatility. The data used for the model was extracted from the Iran Khodro company. The algorithm was trained and tested
in various phases to predict different outputs including factor loading, pricing volatility, and long-term risk. Comparative
performance of GA, PSO, and HGP algorithms was evaluated through visualized risk predictions and data-fitting diagnostics
over six- and twelve-month forecast periods. Additionally, sensitivity analysis was conducted to examine the responsiveness
of the model under multiple futures contract scenarios.

Findings

The results revealed that the HGP algorithm significantly outperformed both GA and PSO in terms of accuracy and
consistency. In modeling factor loading, the HGP yielded higher values above the 0.6 threshold, suggesting stronger
relationships between latent and observable variables. The predictive accuracy for long-term price volatility was also superior
in HGP models, with error distributions more tightly clustered and less erratic than those produced by the other algorithms.

Moreover, the sensitivity analysis showed that futures contracts could effectively stabilize prices and mitigate risks in
volatile economic conditions. In both six-month and twelve-month forecasting windows, the HGP algorithm maintained
higher fidelity to historical trends, producing better-fitting models and lower forecast error margins. PSO was consistently
the weakest performer, particularly in scenarios involving sharp price fluctuations. Risk simulation graphs demonstrated that
the HGP model provided a more responsive and less error-prone representation of peak load conditions and demand-driven
cost risks in the supply chain.

Additionally, the comparative analysis between real-world data and model outputs confirmed the robustness of the HGP
approach. The correlation between observed and predicted values in the HGP scenario was higher than in GA or PSO cases,
validating the model's practical applicability. Future pricing trends generated by HGP showed smoother trajectories with
narrower confidence intervals, making the model highly suitable for industries with high risk exposure, such as automotive
and petrochemicals.

Discussion and Conclusion

The findings of this study underscore the pivotal role that advanced algorithmic modeling can play in enhancing financial
risk management within supply chains, particularly in highly unstable economies. The superior performance of the hybrid
genetic—particle algorithm confirms the effectiveness of combining evolutionary and swarm-based techniques in capturing
complex and nonlinear relationships. The ability of HGP to model long-term risk, anticipate price volatility, and align closely
with historical data suggests its high potential for practical deployment in industrial settings.

By offering a predictive and adaptable framework, the model supports decision-makers in designing resilient supply chains
that can absorb financial shocks and maintain continuity in operations. The inclusion of real-world data further validates the
model's utility and demonstrates that such approaches can bridge the gap between theoretical optimization and operational
applicability. Moreover, futures contracts emerge as viable instruments not only for hedging price risks but also for

contributing to supply chain stability and cost control.
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This study contributes to the literature by demonstrating how tailored mathematical tools, developed through hybrid
algorithms, can address the specific challenges faced by emerging markets. As supply chains continue to face global
disruptions—ranging from geopolitical instability to resource scarcity—the need for predictive, data-driven strategies
becomes increasingly urgent. The proposed HGP model offers a replicable and customizable solution that can be extended
to other industries and economies with similar structural risks.

By reinforcing the strategic integration of financial hedging tools and intelligent modeling techniques, this research
advances the frontier of supply chain risk management. It lays the groundwork for future developments in Al-driven supply
chain technologies, while also highlighting the importance of local data and contextual awareness in model design. Overall,
the study provides a robust, evidence-based roadmap for firms seeking to navigate uncertainty and build sustainable,
responsive supply chain systems.
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