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Purpose : This paper aims to develop and validate an integrated system dynamics model for analysing the
dynamic interactions between sustainability and resilience in industrial ecosystems through the simultaneous
consideration of four interdependent sustainability subsystems: economic, environmental, social and
institutional. Motivated by the increasing complexity of industrial ecosystems and the inability of conventional
linear models to capture nonlinear feedback relationships, the study seeks to explain how these interconnected
dimensions influence long-term system behaviour and sustainable production performance. Using Kerman
Province, Iran, as a case study, the research investigates how causal interactions among economic growth,
environmental resource constraints, social development and institutional governance shape production resilience
and identifies high-leverage intervention points for improving long-term sustainability while balancing
economic prosperity, environmental protection, social well-being and institutional effectiveness.

Design/methodology/approach : The study adopts a system dynamics methodology to model the complex
feedback structures governing sustainability and resilience in industrial ecosystems. An integrated
stock-and-flow simulation model was developed by combining four interrelated subsystems representing the
economic, environmental, social and institutional dimensions of sustainable development. The model
incorporates causal loop diagrams and feedback mechanisms derived from the sustainability and resilience
literature and is calibrated using data from Kerman Province. Model structure and behaviour were verified
through the Extreme Conditions Test, Model Structure Verification Test and scenario-based validation using
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Vensim. Multiple policy scenarios were simulated to examine the effects of research and development (R&D)
investment, agricultural water-demand management, quality-of-life improvements and institutional reforms.
Comparative scenario analysis evaluated their effects on gross domestic product, production performance,
resource availability, pollution, demographic trends, governance quality and system resilience.

Findings : Sustainability and resilience emerge from the interaction of all four subsystems rather than from
isolated interventions. Sustained investment in R&D generates long-term improvements in gross domestic
product, production output, technical efficiency and innovation adoption, whereas limited investment produces
only marginal gains. Aggressive investment in agricultural water-demand management, pollution control and
ecosystem restoration is essential for achieving environmental sustainability and resilient production systems,
while moderate interventions provide only temporary improvements. Social policies that improve healthcare,
education and quality of life stabilise demographic trends, reduce mortality and strengthen the long-term labour
force. Institutional reforms that enhance government effectiveness, accountability, rule of law and
anti-corruption measures improve governance quality and adaptive capacity. Comparative scenario analysis
indicates that water-demand management has the greatest influence on long-term production sustainability,
followed by quality-of-life improvements, institutional effectiveness and R&D investment. Overall, coordinated
policy implementation across the four sustainability dimensions produces greater resilience and sustainability
than isolated sectoral policies.

Research limitations/implications : The system dynamics model necessarily simplifies complex real-world
interactions, which may limit representation of all behavioural dynamics. The empirical analysis focuses on a
single case study in Kerman Province, limiting direct generalisation to other regions or industrial contexts. In
addition, calibration and validation relied partly on incomplete or historical datasets, requiring certain
assumptions and parameter estimation. Future research should apply the framework to different manufacturing
sectors and regions, incorporate more comprehensive real-time datasets, integrate additional sustainability
dimensions and combine system dynamics with complementary modelling approaches to improve predictive
capability and external validity.

Practical implications: The proposed framework provides policymakers, industrial managers and
sustainability practitioners with a decision-support tool for evaluating long-term policy alternatives before
implementation. The results suggest that sustained investment in R&D, cleaner production technologies,
integrated water-resource management, environmental restoration, education, healthcare and institutional reform
should be prioritised to improve manufacturing resilience and sustainability. The model enables decision-makers
to identify leverage points, anticipate unintended consequences and coordinate interventions across economic,
environmental, social and institutional domains, thereby improving resource efficiency, operational resilience
and long-term production performance.

Social implications : Sustainability policies extending beyond economic performance can generate substantial
societal benefits. Improvements in education, healthcare and quality of life contribute to healthier demographic
structures, stronger labour-force stability and enhanced social well-being. Environmental policies that reduce
pollution and conserve water resources improve ecosystem resilience and support long-term community welfare.
Strengthening governance, transparency and institutional effectiveness also promotes public trust, reduces
corruption and improves policy implementation. The framework therefore provides evidence for governments
seeking to promote sustainable industrial development while enhancing environmental quality, social equity and
institutional resilience.

Originality/value : The principal contribution of this study lies in integrating the four core dimensions of
sustainable development (economic, environmental, social and institutional) within a single system dynamics
framework that explicitly incorporates resilience into sustainability analysis. Unlike previous studies that
examine these dimensions independently, the proposed model captures their nonlinear interactions, feedback
mechanisms and long-term dynamics within industrial ecosystems. By validating the framework through a
real-world case study and identifying policy leverage points that simultaneously improve sustainability and
resilience, the study provides both a novel theoretical framework and a practical decision-support model for
policymakers, industrial managers and researchers interested in resilient manufacturing systems.
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Table 1- Summary of the current situation in the three subsystems of Kerman Province (2010-2024)
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Fig. 27. Environmental Sustainability in Extreme-Conditions
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