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Fig. 12 The relationship between debris flow clusters and

rainfall extremes
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Table 2 Statistics of extreme rainfall during Typhoon Saomai
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Fig. 13 The maximum 1-hour rainfall contour line (a), the maximum 3-hour rainfall contour line (b) and the maximum process

rainfall contour line and the geological disaster distribution (c¢) during the Typhoon Saomai
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Table 3  Statistics of extreme rainfall during Typhoon Morakot
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Fig. 14 The maximum 1-hour rainfall contour line (a) , the maximum 3-hour rainfall contour line (b) and the maximum process

rainfall contour line and the geological disaster distribution (c¢) during the Typhoon Morakot
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Table 4 Statistics of extreme rainfall during Typhoon Lekima
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Fig. 15 The maximum 1-hour rainfall contour line (a) , the maximum 3-hour rainfall contour line (b) and the maximum process

rainfall contour line and the geological disaster distribution (c) during the Typhoon Lekima
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Table 5 Correlation analysis between cumulative rainfall in different days and landslide

rl 2 r3 r4 r5

r6 r7 r8 9 r10

03757 0.5345 0.3499 0.276 0 0.284 1

03351 0.3349 0.3013 0.2970 0.293 1
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Table 6 Correlation between debris flow and cumulative rainfall for different days

rl 2 3 r4 rS

16 17 8 9 rl0

0.4558 0.662 1 0.4257 0.2574 0.2449

0.2615 0.2567 0.196 1 0.1933 0.1902
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Fig. 17  I-D fitting curve based on effective rainfall amount
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Table 7 Recommended rainfall thresholds for landslide disasters in Wenzhou (based on effective rainfall amount) (mm)

T i J& 3 iR IR rh AR R T MR
I-DHf £ 1,=2.38D°% [,,=23.03D7"% I5,=25.30D°% I,=40.60D%
lh 2.4 23.0 25.3 40.6
3h 42 40.3 443 71.1
6h 5.9 574 63.1 101.2
12h 8.5 81.8 89.8 144.2
24h 12.0 116.5 127.9 205.3
48h 17.1 165.9 182.2 292.4

®8 EMTRARREEWMHERURETFHEYUWE)(BLL: mm)

Table 8 Recommended rainfall thresholds for debris flow disasters in Wenzhou (based on effective rainfall amount) (mm)

K 3RS Ji Bl M % % HE rp S R 1= R

I-Dith £ 1=41.98D"% L,=79.64D"" I,=115.86D "% I,=167.60D*%
1h 42.0 79.6 115.9 167.6
3h 50.6 96.0 139.7 202.0
6h 56.9 108.0 157.1 227.3
12h 64.0 121.5 176.8 255.7
24h 72.1 136.7 198.9 287.7
48 h 81.1 153.8 223.7 323.7
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Study on rainfall threshold of geological disasters based on effective rainfall
model in Wenzhou City

XU Dengcai', ZHANG Taili**, HEI Lisha’, WANG Yiming’
(1. Geological Environment Monitoring Center, Wenzhou Natural Resources and Planning Bureau, Wenzhou
325027, Zhejiang, China; 2. Nanjing Center, China Geological Survey, Nanjing 210016, Jiangsu, China;
3. Key Laboratory of Watershed Eco-Geological Processes, Ministry of Natural Resources, Nanjing 210016,
Jiangsu, China; 4. College of Civil Engineering, Tongji University, Shanghai 200092, China; 5. College of
Architecture and Civil Engineering, Wenzhou University, Wenzhou 325000, Zhejiang, China)

Abstract: Wenzhou is located in the coastal area of southeast China, where frequent occurrences of extreme
rainfall have resulted in a high incidence of geological disasters over the years. This study collects the historical
geological disasters and rainfall data of Wenzhou (a total of 2 692 geological disaster samples, of which 2 615 are
accurately dated to the month, spanning from 1905 to 2023) to analyze the development, spatio-temporal distribu-
tion patterns of geological disasters, and their relationship with rainfall. Based on the effective rainfall model, we
statistically analyzed the rainfall thresholds of different types of geological disasters in Wenzhou. The results
show that the geological disasters in Wenzhou are mainly classified into two categories: the cluster disasters trig-
gered by typhoon-rainstorm and the single-point sudden disasters. Among them, the cluster disasters triggered by
typhoon-rainstorm is closely related to typhoon rainstorm activities, and strongly correlated with rainfall extreme,
while the single-point sudden geological disasters has less correlation with heavy rainfall. The statistical analysis
derives the intensity—duration (/-D) curves of rainfall thresholds at various probabilities for cluster landslide and
debris flow disasters triggered by typhoon-rainstorm in Wenzhou. Additionally, it recommends rainfall-threshold
values for different types of geological disasters in Wenzhou. This study provides theoretical support and scientif-
ic evidence for early warning of geological disasters in Wenzhou, which has significant practical importance and
application value.

Key words: Wenzhou City; geological disasters; typhoon and rainstorm; effective rainfall; rainfall threshold



	1 研究区地质背景
	1.1 气象
	1.2 地形地貌
	1.3 区域地质构造
	1.4 工程地质

	2 地质灾害分布规律
	2.1 地质灾害发育情况
	2.2 地质灾害分布规律
	2.2.1 台风暴雨群发型地质灾害分布规律
	2.2.2 单点突发型地质灾害分布规律
	2.2.3 地质灾害与降雨极值的关系


	3 温州市地质灾害降雨阈值
	3.1 有效降雨量模型
	3.2 降雨与地质灾害数据
	3.2.1 200608“桑美”台风地质灾害
	3.2.2 200908“莫拉克”台风地质灾害
	3.2.3 201909“利奇马”台风地质灾害

	3.3 降雨数据提取与分析
	3.3.1 降雨数据的提取
	3.3.2 降雨日数相关性分析
	3.3.3 衰减系数的确定

	3.4 降雨阈值曲线
	3.5 降雨阈值建议

	4 结论
	参考文献

