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Abstract

This study aims to examine the role of digital transformation in improving sustainability and strengthening the resilience of mining
organizations in the face of environmental and economic crises. The research adopted a mixed-methods approach. In the qualitative phase,
semi-structured interviews were conducted with 20 mining experts in Tehran to identify key dimensions of digital transformation,
sustainability, and resilience. In the quantitative phase, data were collected from 280 mining managers and specialists using a researcher-
developed questionnaire and analyzed through structural equation modeling. The results revealed that digital transformation has a
significant positive effect on environmental risk management capability and economic agility. Environmental risk management emerged
as the strongest predictor of sustainability, while economic agility played the most prominent role in enhancing organizational resilience.
The indirect effects of digital transformation on resilience, mediated by sustainability and economic agility, were stronger than its direct
effect. Digital transformation acts as a strategic driver of sustainable resilience in the mining sector by reinforcing environmental and
economic capacities, making it an indispensable foundation for effective crisis management and long-term organizational stability.
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Extended Abstract

Introduction

Digital transformation has become a fundamental driver of sustainable development and organizational
resilience in contemporary industrial systems. Rather than merely introducing new technologies, digital
transformation represents a systemic reconfiguration of organizational structures, operational processes,
business models, and decision-making architectures (Aldoseri, 2024). In resource-intensive sectors such as
mining, where environmental vulnerability and economic volatility converge, digital transformation has
emerged as a strategic imperative for long-term survival and competitiveness (Hajishirzi et al., 2022; Wang
& Chen, 2022). Mining organizations today face unprecedented pressure arising from climate change,
environmental regulations, market fluctuations, and social accountability demands, making resilience and
sustainability core objectives of industrial governance (Wang et al., 2024; J. Xu et al., 2023).

Recent studies demonstrate that digital technologies—such as artificial intelligence, industrial internet of

things, big-data analytics, and real-time monitoring platforms—enable firms to reduce environmental impacts,



optimize resource consumption, enhance risk management, and improve adaptive capacity (Carpitella, 2024;
C. Xu et al., 2023; Yang & Jin, 2024). At the organizational level, digital transformation strengthens
managerial cognition, accelerates strategic response to environmental disturbances, and supports evidence-
based decision making (Chen et al., 2024; Ghrbeia & Alzubi, 2024). Moreover, digital maturity has been
linked to superior environmental, social, and governance performance across industries (Armanfar, 2023;
Siswanti et al., 2024).

However, much of the existing literature has focused on manufacturing, banking, and service sectors (Shanti
et al., 2023; C. Xu et al., 2023; Zhang, 2023), while the mining industry—despite its strategic importance
and heightened exposure to environmental and economic shocks—has received limited empirical attention.
The complexity of mining operations, capital intensity, ecological sensitivity, and dependence on volatile
global commodity markets amplify the necessity for digitally enabled sustainability and resilience strategies
(Probojakti et al., 2024; Trevisan et al., 2023). Furthermore, leadership capability, organizational learning,
governance structures, and digital culture have been shown to significantly moderate the effectiveness of
digital transformation initiatives (Nita & Gutu, 2023; Rafiei & Rahbari, 2023; Weber et al., 2022).

Policy frameworks increasingly recognize digital transformation as a cornerstone of sustainable industrial
development (Li, 2024; J. Xu et al., 2023). Governments now promote digital infrastructure expansion and
smart industry programs to enhance national economic resilience and environmental stewardship. In this
context, understanding how digital transformation contributes to environmental sustainability and economic
resilience in mining is not only a scientific necessity but also a strategic policy priority (Nazarian-Jashnabadi
et al., 2024; Wang et al., 2024).

This study therefore investigates the role of digital transformation in enhancing the sustainability and resilience
of mining organizations against environmental and economic crises.

Methods and Materials

This research employed a mixed-methods design integrating qualitative exploration and quantitative
hypothesis testing. The study population consisted of managers, engineers, environmental specialists, and
senior technical staff working in mining organizations located in Tehran. In the qualitative phase, semi-
structured interviews were conducted with 20 industry experts selected through purposive sampling until
theoretical saturation was achieved. The interview protocol focused on digital transformation practices,
environmental risk management, crisis response mechanisms, and organizational resilience capabilities.

In the quantitative phase, a survey instrument was developed to measure digital transformation, environmental
risk management capability, economic agility, sustainability, and organizational resilience. The questionnaire
was distributed to 280 mining professionals selected using stratified random sampling. Data reliability and
validity were evaluated using Cronbach’s alpha, composite reliability, average variance extracted, and
discriminant validity tests. Structural equation modeling was employed to test the hypothesized relationships
using SmartPLS and SPSS.



Findings

Descriptive analysis revealed that mining organizations exhibited moderately high levels of digital
transformation, sustainability, and resilience. Correlation analysis indicated significant positive relationships
among all core constructs. Digital transformation demonstrated strong associations with environmental risk
management and economic agility.

Structural equation modeling confirmed that digital transformation exerted a strong and significant effect on
environmental risk management capability and economic agility. Environmental risk management emerged as
the strongest predictor of sustainability, while economic agility and sustainability jointly explained a
substantial portion of organizational resilience. The direct effect of digital transformation on resilience was
significant but weaker than its indirect effects through environmental and economic mechanisms, indicating
that digital transformation primarily strengthens resilience by enhancing organizational capabilities rather than
acting as a stand-alone driver.

The model exhibited strong explanatory power, with high coefficients of determination for sustainability and
resilience, and robust predictive relevance.

Discussion and Conclusion

The findings provide compelling empirical evidence that digital transformation serves as a foundational
enabler of sustainability and resilience in the mining sector. Rather than functioning merely as a technological
upgrade, digital transformation restructures organizational intelligence, enhances risk perception, improves
strategic foresight, and enables rapid adaptive responses to complex crises. The dominant mediating role of
environmental risk management highlights the central importance of ecological governance in mining
sustainability, while the contribution of economic agility underscores the necessity of organizational flexibility
in volatile markets.

The results demonstrate that resilience in mining organizations is not produced directly by technology alone,
but emerges from the interaction of digital capabilities with environmental stewardship and economic
adaptability. This integrated mechanism explains why firms that invest simultaneously in digital infrastructure,
environmental governance, and agile management systems are better positioned to withstand environmental
disruptions and economic shocks.

From a theoretical perspective, this study advances sustainability and resilience scholarship by empirically
validating a multi-pathway model linking digital transformation with environmental and economic subsystems
in a high-risk industrial context. Practically, the results suggest that mining leaders must embed digital
transformation within a broader governance architecture that prioritizes environmental risk management,
economic flexibility, and continuous organizational learning.

In conclusion, digital transformation represents a strategic engine of sustainable resilience for the mining

industry. Organizations that successfully integrate digital intelligence with environmental responsibility and




economic adaptability will achieve superior long-term stability, competitiveness, and societal legitimacy in an

increasingly uncertain global landscape.
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