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Abstract

As a typical complex socio-technical system, the operational safety of urban rail transit systems is
affected by multiple factors, including infrastructure conditions, external environmental disturb-
ances, organizational management behaviors, and human decision-making processes. The tradi-
tional safety management paradigm, which primarily focuses on risk identification and accident
prevention, is insufficient to meet the requirements for continuous and stable system operation un-
der uncertain environments. To summarize the research progress, theoretical evolution, and future
development trends in the field of urban rail transit safety resilience, relevant studies conducted
both domestically and internationally were systematically reviewed. Based on an analysis of the
evolution of resilience concepts from engineering resilience to dynamic adaptive capability, the
connotation of urban rail transit safety resilience was clarified. It refers to the capability of a system
to maintain critical functions and achieve continuous optimization during risk disturbances
through resistance, absorption, recovery, and adaptation. Existing studies were systematically re-
viewed from three perspectives: urban rail transit network resilience, safety resilience assessment,
and the mechanisms underlying safety resilience factors. The results indicate that urban rail transit
resilience research has developed into an interdisciplinary field integrating transportation engi-
neering, safety science, and management science. Network resilience research has achieved rela-
tively mature development, mainly focusing on system structural vulnerability analysis based on
complex network theory and improvement of disturbance resistance through network optimiza-
tion and recovery strategies. Safety resilience assessment has gradually evolved from single-risk
analysis toward multidimensional capability evaluation; however, existing studies remain mainly
focused on specific disaster scenarios, such as fires and heavy rainfall events, resulting in insuffi-
cient adaptability across different disaster types and fragmented indicator systems. Research on
safety resilience mechanisms has increasingly emphasized the interactions and evolutionary pro-
cesses among influencing factors; nevertheless, the explanations of dynamic adaptive behaviors,
organizational learning mechanisms, and multi-level factor coupling effects in complex systems re-
main inadequate. Overall, further improvements are still required in the integration of safety and
resilience, the coordination between macro-level networks and micro-level operational elements,
and the development of dynamic governance mechanisms. Future research should promote the
transformation of urban rail transit safety management from a traditional risk-control paradigm
toward a dynamic resilience-governance paradigm, strengthen investigations into the synergistic
adaptation mechanisms among personnel, organizations, and technical systems, and establish a
safety resilience theoretical framework characterized by whole-process, multi-scale, and dynamic
evolution, thereby providing theoretical support for improving the safety governance capability of
urban rail transit systems.
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