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Abstract: With the increasing frequency of extreme events and the growing complex-
ity of urban spatial structures, urban emergency shelter systems are facing multiple
challenges in coping with multi-hazard coupled risks. These challenges include insuf-
ficient structural adaptability, weak functional coordination, and limited responsive-
ness. Existing research mostly focuses on single-hazard scenarios and site selection
optimization, while paying insufficient attention to disaster-chain pressure transmis-
sion, spatial response mechanism, and system-level planning strategies. This study de-
velops an integrated analytical framework comprising three stages: risk identification,
structural diagnosis, and system reconstruction. Using Beijing as a case study, it first
identifies the interaction patterns among multiple hazards and their heterogeneous spa-
tial distribution of risk pressures. It then analyzes mismatches in the current emer-
gency shelter system with respect to shelter types, hierarchical planning, and opera-
tional mechanisms from the perspective of population exposure and spatial adaptabil-
ity. Finally, it proposes a reconstruction pathway that integrates the redesign of shel-
ter systems, the coordinated optimization of spatial layout, and the enhancement of
resilient operational mechanisms. The proposed strategies are further examined and re-
fined through the lens of Beijing's regulatory standards and planning practice. This
research aims to offer theoretical support and spatial governance solutions for megaci-
ties in the context of complex disaster chain evolution, promoting the transformation
of emergency shelter systems from static configurations to dynamic and resilient ur-

ban structures.
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Fig.1 Chain reaction stages and system impact structure of different disaster types
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Fig.2 A three—dimensional coupled model for demand identification of urban shelters
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Tab.1 Schematic illustration of differentiated evacuation trigger thresholds and spatial requirements for common
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Fig.3 Spatial heterogeneity of the evacuation shelter system in Beijing
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Fig.4 Normal—to—emergency conversion mechanism of emergency shelter spaces
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