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Dynamic Monitoring and Emergency Response Technology for Geological Hazards in
Urban Waterfront Areas
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Jiangsu Suzhou Geological Engineering Survey Institute Co., Ltd.

[Abstract] Urban waterfront areas, characterized by unique geological conditions and intensive urban
development, have become highly susceptible to geological hazards. This study systematically examines the
causes and mechanisms of geological hazards in such areas, along with the evolution of monitoring technologies,
focusing on a technical framework integrating multi—source data fusion monitoring, spatiotemporal coupled
early warning, and intelligent emergency response. The analysis reveals that current monitoring approaches are
transitioning from isolated point—based observations to three—dimensional, networked systems; early warning
models are advancing from empirical threshold methods to multi—parameter coupled models; and emergency
response strategies are shifting from reactive interventions to proactive risk prevention and control. Building on
these insights, this paper proposes a digital twin—enabled full-lifecycle management framework for geological
hazards in urban waterfront areas, establishing a closed—loop technical system encompassing "monitoring—early
warning—response.”" Furthermore, it identifies critical challenges including fragmented monitoring data, limited
accuracy of early warning algorithms, and inadequate inter—agency coordination in emergency response, and
accordingly provides targeted technical optimization strategies and policy recommendations. The findings offer

significant reference value for enhancing geological hazard resilience and urban safety in waterfront regions.
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