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Abstract 
Debris flows are among the most prevalent geological hazards in mountainous regions, and a precise 
comprehension of their dynamic processes is essential for effective disaster early warning and mitigation. 
Recent developments in environmental seismology have facilitated the utilization of seismic signals for the 
inversion and early warning of debris flow dynamics. However, the effectiveness of seismic signal-based 
dynamic inversions may be compromised by inadequate consideration of flow properties and topographic 
conditions. In this study, we conducted laboratory flume experiments to establish a quantitative link between 
flow characteristics and seismic signals. Concurrently, we employed seismic signal inversion outcomes to 
refine and optimize numerical simulations at the field scale, supported by several case studies. This research 
contributes to a deeper theoretical understanding of geohazard mechanisms and lays the groundwork for 
developing a predictive framework for debris flows, aimed at early warning and hazard mitigation. 
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