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Abstract

This study aimed to develop a model for measuring supply chain complexity and its role in competitiveness using
the system dynamics technique in the automotive industry. The research is applied and descriptive, conducted
through a correlation survey approach based on historical and ex post facto data, using both qualitative and
quantitative methods. In the qualitative section, 15 experts from universities and the automotive industry in
Khuzestan province were purposefully selected, while in the quantitative section, official statistics and time series
data from Iran Khodro Company were analyzed. Data analysis used the Delphi technique for the qualitative part
and the system dynamics approach for the quantitative part. The findings showed that supply chain complexity in
the automotive industry stems from numerous suppliers and components, the need to meet high-quality standards,
and the challenges of inventory and logistics management. Strategic factors such as demand fluctuations, risk
management, and product and workforce diversity add further complexity. External pressures like domestic and
international regulations, economic and political conditions, and environmental sustainability requirements also
intensify this complexity. Additionally, technological advancements affect the structure and performance of the
supply chain, creating opportunities to strengthen capabilities and competitive advantage. In the quantitative
analysis, after developing causal loop and flow diagrams, two scenarios were simulated: the first scenario reflects
the increasing trend of macroeconomic variables like exchange rates, inflation, and gold and housing prices; the
second scenario represents market inefficiency due to monopoly, public distrust in low-quality products, and the
replacement of local cars with imports. The simulation results showed that both scenarios have similar long-term
impacts on research variables, but the first scenario linked to economic factors results in higher fluctuations.
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The present study develops a model to measure
supply chain complexity and its impact on
competitiveness within the automotive industry,
employing a system dynamics technique. Given
the increasing complexity of global supply
chains, particularly in industries like
automotive manufacturing, understanding the
intricate relationships between supply chain
factors and competitive advantage is crucial.
This research is both applied and descriptive,
utilizing a mixed-method approach that
integrates  qualitative  and  quantitative
techniques to gain a comprehensive
understanding of the complexities involved.

The study is conducted in two phases. The first
phase applies the Delphi technique to gather
expert insights from both academia and industry
professionals. A total of 15 experts from the
automotive industry and academic institutions
in Khuzestan province were selected through
purposeful sampling. The second phase
involves a quantitative analysis using system
dynamics modeling based on historical data and
time-series analysis from Iran Khodro
Company. By integrating both qualitative and
guantitative data, the study provides a more
nuanced view of the factors influencing supply
chain complexity and its role in maintaining
competitiveness.

Findings from the qualitative phase suggest that
the automotive industry experiences significant
supply chain complexity due to several factors.
These include the extensive network of
suppliers, the necessity for high-quality
standards, logistical challenges, and inventory
management concerns. Furthermore, strategic
elements such as fluctuating demand, risk
management, and product diversity further
compound the complexity of the supply
chain.External environmental pressures,
including  domestic and international
regulations, economic and political challenges,
and  sustainability  requirements,  also
significantly impact supply chain management.
Emerging technologies, while providing
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opportunities for improvement, simultaneously
contribute to structural and operational
complexity. As a result, effective supply chain
management is identified as a key determinant
of competitive advantage in the automotive
industry.

The study highlights, through a system
dynamics simulation, how two main
scenarios—macroeconomic  disruptions and
market inefficiency coupled with public
distrust—negatively influence supply chain
performance in the automotive industry. The
first scenario shows that exchange rate
fluctuations, inflation, and volatile housing and
gold prices cause significant supply chain
instability, impacting cost control, supplier
relationships, and production. The second
scenario reveals that monopolistic market
structures, declining trust due to poor product
quality, and increased imports reduce
competitiveness and weaken supply chain
efficiency in a steady but adverse way. Overall,
both scenarios harm supply chain performance,
though macroeconomic factors create more
volatility. To tackle these challenges, the study
proposes practical strategies: optimizing
supplier networks by focusing on key long-term
partners, improving inventory management
with advanced forecasting tools, investing in
innovative  and  customizable  product
development,  strengthening  collaboration
between the automotive sector and government
bodies to improve infrastructure and trade, and
committing to sustainable production practices
aligned with global trends. These measures can
enhance supply chain resilience and maintain
competitive advantage amid economic and
market fluctuations.

The study concludes that the complexity of
supply chains in the automotive industry
presents both challenges and opportunities.
Effective supply chain management is essential
for mitigating risks and maintaining a
competitive advantage. By adopting strategic
approaches  that incorporate  advanced
technologies, sustainable practices, and
collaborative frameworks, automotive firms can
improve efficiency and resilience in an
increasingly complex market environment.The
system dynamics approach provides valuable
insights into how different factors interact to
shape supply chain performance. The study
highlights the need for continuous adaptation
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and proactive management to navigate
economic uncertainties, regulatory challenges,
and shifting consumer preferences. The
findings serve as a foundation for further
research on optimizing supply chain strategies
in the automotive industry and other complex

industrial sectors.By leveraging these insights,
automotive manufacturers can enhance supply
chain agility, improve customer satisfaction,
and sustain long-term competitiveness in an
ever-evolving global landscape.
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