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Abstract: [ Objective] This study aims to reveal the spatiotemporal evolution patterns of flash flood disasters in

the Upper Minjiang River basin and their coupled driving mechanisms driven by climate, topography, and human

activities, to elucidate the disaster formation process, and to provide a theoretical basis for regional disaster
prevention planning. [ Methods] Based on recorded flash flood disaster data (1953—2023) of the Minjiang River

Basin, and by integrating methods including wavelet analysis, B-G segmentation, and geodetector, the

interannual evolution patterns, seasonal distribution characteristics, spatial agglomeration patterns, and multi-
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factor coupling effects of flash flood disasters were analyzed. [Results] 1) Flash flood disasters showed a
significant increasing trend interannually. The frequency from 2014 to 2023 accounted for 63.6% of the total, with
the peak year being 2022 (92 events). The disasters exhibited a superposition of a 56-year primary cycle and an 8-
year secondary cycle. 2) Spatially, the disasters were concentrated in small watersheds with an average slope
greater than 24.6° and an area less than 77.8 km?. Specifically, 71.1% of disaster sites were located within 10 km
of faults, and Maoxian, Wenchuan, and Dayi counties together accounted for 52.9% , indicating a high concentration.
3) Meteorological factors dominated the spatial differentiation (¢=0.558). Farmland and impervious surface expansion
(¢=0.539) and steep terrain (¢=0.502) exhibited synergistic effects. Multi-factor interactions (e.g., the coupling of
faults and human activities, ¢=0.81) significantly increased the risks. [ Conclusion] The occurrence of flash flood
disasters in the Minjiang River basin is dually controlled by "tectonic and monsoon" factors. Moreover, disaster-prone
areas possess distinct topographic and hydrothermal characteristics. Precipitation and human-induced changes to the
underlying surface are the primary causes, and their interaction enhances risks. Furthermore, human engineering
disturbances combined with extreme climate conditions can trigger severe flash flood disaster chains. The research
findings expand the pathways for predictability and quantifiable assessment of flash flood disasters and provide important
guidance for risk prevention and control in flash-flood-prone areas.

Keywords: flash flood disasters; Upper Minjiang River basin; spatiotemporal evolution; multi-factor coupling;

geodetector; wavelet analysis
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