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The present study aimed to design and test an agent-based simulation model to explain how
resilience engineering contributes to competitive advantage and to examine the strategic
dynamics of organizations operating in the copper industry under conditions of uncertainty and
environmental disruption. This applied study employed a quantitative research design based on
agent-based modeling and simulation. The research population consisted of managers, senior
experts, and specialists in strategic management, production, supply chain, risk management,
and business development related to the copper industry in Tehran. A total of 214 participants
were selected through purposive sampling. Data were collected using a researcher-developed
questionnaire measuring resilience engineering, strategic capabilities, and competitive
advantage. The reliability and validity of the measurement instrument were assessed through
confirmatory factor analysis, Cronbach’s alpha, composite reliability, and average variance
extracted. Structural equation modeling was used to examine the relationships among the
research variables, and an agent-based simulation model was developed to evaluate
organizational behaviors under different environmental disruption scenarios. The inferential
findings demonstrated that resilience engineering had a significant positive effect on strategic
capabilities and competitive advantage. Strategic capabilities partially mediated the relationship
between resilience engineering and competitive advantage. The simulation results indicated that
organizations with higher levels of resilience experienced lower performance decline, faster
recovery processes, and more sustainable competitive positions when exposed to severe
environmental disruptions. Sensitivity analysis revealed that environmental disruption intensity,
operational flexibility, and organizational learning speed were the most influential parameters
affecting the behavior of the simulation model. Resilience engineering functions as a dynamic
strategic capability that can substantially contribute to maintaining and developing competitive
advantage in the copper industry. The findings suggest that organizations should move beyond
reactive crisis management approaches and integrate resilience into strategic planning, capability
development, supply chain design, and technological adaptation processes.
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Extended Abstract

Introduction

The increasing complexity of global industrial systems has transformed resilience from a defensive
organizational attribute into a strategic capability for achieving sustainable competitiveness. Industries
characterized by high capital intensity, global interdependence, and exposure to environmental uncertainty
require new approaches that enable organizations not only to withstand disruptions but also to adapt, learn,
and create strategic opportunities from turbulent conditions. The copper industry represents one of the
most strategically important sectors in this context due to its critical role in energy transition,
electrification, digital infrastructure, and sustainable development. However, copper supply chains are
exposed to multiple sources of uncertainty, including price volatility, geopolitical tensions, technological
changes, resource limitations, environmental pressures, and disruptions in global logistics networks. These
conditions have increased the importance of resilience engineering as a mechanism for strengthening
organizational survival and competitive positioning (Teece et al., 1997; Ushie et al., 2025).

Resilience engineering refers to the systematic design and development of organizational
capabilities that allow firms to anticipate disruptions, absorb shocks, adapt operations, and recover through
learning and resource reconfiguration. Unlike traditional risk management approaches that primarily focus
on preventing failures, resilience-oriented strategies emphasize continuous adaptation and the
development of dynamic capabilities. Previous research has demonstrated that organizational resilience
contributes to competitive advantage by enhancing flexibility, innovation capability, strategic agility, and
the ability to respond effectively to environmental changes (Burnard et al., 2018; Guillén Mondragén et al.,
2022; Liu & Zhang, 2024).

In the copper industry, resilience has particular importance because supply networks involve
complex interactions among mining companies, processing facilities, suppliers, logistics providers, and
global markets. Disruptions in one part of the network can propagate throughout the entire value chain,
creating cascading consequences. Studies have shown that the global copper industry is vulnerable to
supply risk propagation due to its complex network structure and high interdependence among actors
(Kang et al., 2023; Song et al., 2024). Therefore, developing resilient supply chain structures and adaptive
organizational capabilities is essential for maintaining competitive performance.

Although previous studies have examined relationships between resilience, sustainability, and
competitive advantage, many have relied on static analytical approaches. Such methods provide valuable
insights into relationships among variables but have limitations in explaining dynamic interactions,
nonlinear effects, and the emergence of competitive outcomes from organizational decisions over time.
Agent-based simulation provides an appropriate methodological framework for addressing these
limitations because it enables researchers to model heterogeneous actors, decision rules, interactions, and
system-level outcomes emerging from individual behaviors (Bonabeau, 2002). Accordingly, this study
developed an agent-based simulation model to explore how resilience engineering influences competitive
advantage through strategic capabilities and organizational responses under different disruption scenarios.

Methods and Materials

This study employed an applied quantitative design using structural equation modeling and agent-
based simulation. The research population consisted of managers and professional experts involved in
strategic planning, operations, supply chain management, risk management, technology development, and
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business development in the copper industry in Tehran. A purposive sample of 214 participants was
selected based on professional experience and familiarity with strategic decision-making processes.

Data were collected through a researcher-developed questionnaire consisting of three main
constructs: resilience engineering, strategic capabilities, and competitive advantage. Resilience
engineering was measured through dimensions of anticipation and preparedness, absorptive capacity,
adaptation and resource reconfiguration, and recovery and organizational learning. Strategic capabilities
included strategic agility, operational flexibility, innovation capability, and supply chain collaboration.
Competitive advantage was assessed through indicators related to cost efficiency, market position,
operational continuity, responsiveness, and sustainable performance.

The measurement model was evaluated through confirmatory factor analysis. Reliability was
assessed using Cronbach’s alpha and composite reliability, while convergent validity was examined
through average variance extracted. Structural equation modeling was applied to test hypothesized
relationships among constructs. Subsequently, an agent-based simulation model was developed in which
organizations were represented as heterogeneous agents with different levels of resilience, resources,
learning capabilities, and strategic behaviors. Multiple environmental scenarios, including supply
disruption, competitive pressure, demand volatility, and combined shocks, were simulated to examine
changes in competitive performance over time.

Findings

The measurement analysis confirmed the adequacy of the research model. All constructs
demonstrated acceptable reliability and validity, with standardized factor loadings, reliability coefficients,
and validity indicators exceeding recommended thresholds.

The structural analysis revealed that resilience engineering significantly predicted strategic
capabilities. Organizations with higher resilience levels demonstrated stronger strategic agility,
operational flexibility, innovation capability, and supply chain coordination. Furthermore, resilience
engineering had a significant direct effect on competitive advantage. Strategic capabilities also
significantly predicted competitive advantage and partially mediated the relationship between resilience
engineering and competitive outcomes.

The simulation findings demonstrated that resilience generated greater competitive benefits under
severe disruption scenarios. In low-disruption environments, differences between resilient and less
resilient organizations were limited; however, under combined shocks, resilient organizations maintained
higher performance levels, recovered faster, and preserved stronger competitive positions. Sensitivity
analysis showed that disruption intensity, operational flexibility, and organizational learning speed were
the strongest determinants of competitive outcomes within the simulation environment.

Discussion and Conclusion

The findings indicate that resilience engineering represents a strategic capability rather than merely
an operational response mechanism. Organizations in the copper industry that develop anticipation
capabilities, flexible operations, learning systems, and adaptive decision-making structures are better
positioned to transform uncertainty into competitive opportunities. The results demonstrate that resilience
becomes particularly valuable when environmental turbulence increases because it reduces vulnerability
and enables organizations to recover faster than competitors.
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The agent-based simulation approach provided additional insights by demonstrating how
individual organizational decisions accumulate into broader competitive patterns. The findings suggest
that competitive advantage emerges from continuous interactions among organizational capabilities,
environmental conditions, and strategic choices. Therefore, resilience should be integrated into long-term
strategic planning rather than treated as a temporary response to crises.

This study contributes to understanding strategic resilience in complex industrial systems by
combining empirical analysis with dynamic simulation. The proposed model provides a framework for
examining how investments in resilience capabilities influence competitive trajectories over time. For
managers in the copper industry, strengthening supply chain flexibility, improving organizational
learning, investing in technological capabilities, and developing adaptive strategic processes are essential
pathways for achieving sustainable competitive advantage.
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