doi:10.3799/dqkx.2026.188
WILFRIR 2016 SER 22 & KR Im R W 7% R R PRI

BHEY, Ko K OE LRSI LR DA, M
1AL e, BUM, HL, 3100075
2. WL IR M FA R AR, B, HWHL, 310007;
3L S+ HFURRA (AL R MR RT) , I\, WL, 325006

Feng Hangjianl*, Zhang Yu?, Zhang Zhongl, Zhu Mingqing1 , Xu Xinhua!, Liu Dong3, Lin Dan'
1.Zhejiang Institute of Geosciences, Hangzhou, Zhejiang, 310007, China
2. Zhejiang Diwu Inspection & Detection Group Co., Ltd. , Hangzhou, Zhejiang, 310007, China

3. The 11th Geological Brigade of Zhejiang Province(Zhejiang Wenzhou Institute of Geosciences), Wenzhou, Zhejiang, 325006, China
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Zhejiang(2016)

Abstract: Extreme rainfall-induced clustered landslide and debris flow hazards have become one of the primary
natural disasters in China and globally. In this study, the clustered landslide disaster in Taishun triggered by extreme
rainfall of Typhoon Meranti in 2016 was selected as a typical case. Fine interpretation and remote sensing
identification of geo-hazards were carried out using high-resolution optical remote sensing images and LiDAR data.
Combined with field investigation and verification, a geo-hazard inventory database was established, including 3628
shallow landslides and 1584 slope debris flows. The results reveal that rainfall-induced geo-hazards in the study area
are characterized by large quantity, small individual scale, high spatial density and strong sudden clustered occurrence,
which belong to typical compound chain-type landslide-debris flow disasters. The spatial distribution is dominated
by the coupling of extreme rainfall threshold, lithology, topography and geomorphology. South-facing slopes,
concave slopes, terrain gradients of 25° -45° | and weathered granite areas present poor stability of rock and soil
masses, serving as high-susceptibility zones for landslides and debris flows. Moderate-to-high concentration areas of
landslides and debris flows are generally consistent with rainfall concentration zones where the maximum 1-hour
rainfall exceeds 70 mm and the maximum 3-hour rainfall exceeds 120 mm. However, the disaster density is relatively
low at local rainfall extreme centers, confirming that intrinsic factors such as lithology, slope gradient and elevation
exert critical controlling and filtering effects. Refined geomorphological identification of shallow landslides in the
initiation zones of slope debris flow gullies indicates that gully head areas, gradient transition zones and historical
disaster scar zones are critical gestation zones dominating debris flow initiation. Accordingly, an evolutionary model
of the slope debris flow disaster chain under extreme rainfall was constructed. The research findings can provide a
scientific reference for the accurate identification and prevention of clustered landslide and debris flow hazards
triggered by extreme rainfall in the future.
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Fig.1 The geographical location of the study area and the distribution of landslide disasters
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Fig.2 Aerial images of typical clustered landslides and slope debris flows captured by unmanned aerial vehicles
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Fig.3 Rainfall distribution map of the study area from September 6th to September 19th, 2016
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Fig.4 A comparison map of remote sensing images before and after the disaster in a typical area
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Fig.5 Schematic diagram of clustered landslides and debris flows triggered by extreme rainfall
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Fig.6 Remote sensing images of typical shallow landslides and slope debris flows
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Fig.6 Density distribution map of clustered landslide and debris flow disaster points in the study area
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Fig.10 Distribution patterns of shallow landslides under different influencing factors
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