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Fig. 1 Comparison of monthly precipitation and the number

of landslide disasters in Shanxi Province
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Fig. 4 Distributions of most influencing factors of landslide disasters in Shanxi Province
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Fig. 5 Divisions of the regions in Shanxi Province
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Tab.1 Proportion of some influencing factors in each region
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WEE/(©) (0.00, 12.64) 54.50 59.16 53.31 42.89 34.75
[12.64, 31.78) 39.51 34.67 4334 53.09 57.80
[31.78, 78.80) 5.99 6.17 3.35 4.01 7.45
NDVI (0.076, 0.460) 1.91 1.97 145 1.96 0.62
[0.460, 0.732) 40.80 27.98 29.55 52.76 30.10
[0.732, 0.920) 57.29 70.05 68.99 45.28 69.28
TWI [-1.62, 6.42) 4345 43.63 45.44 48.05 50.95
[6.42, 15.44) 56.16 56.07 54.18 51.62 48.78
[15.44,26.19) 0.39 0.31 0.38 0.33 0.27
TREHb A2 RN 43.25 44.27 47.86 60.60 39.51
AR 56.08 55.56 52.06 39.27 60.49
Hoph (k4% ) 0.07 0.18 0.08 0.13 0.00
AR A = A /m [0, 1000) 28.46 62.12 29.84 32.23 31.37
(1000, 2800] 71.54 37.78 70.16 67.77 68.63
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Tab. 2 Statistical results corrected probability by Bayesian formula 1%
- Bk SR IR

Ll B% LS PIEA L LE4 ez Lol LE4
P(C\B,L) 0.00 100.00 100.00 0.00 75.00 100.00 30.00 7.69
P(C\IB) 36.36 66.67 100.00 23.81 41.18 100.00 30.77 7.69
P(C,IB,L) 0.00 100.00 100.00 0.00 100.00 100.00 10.00 19.23
P(C,IB) 18.18 100.00 100.00 4.76 100.00 100.00 7.69 19.23
P(CiB,L) 0.00 100.00 100.00 0.00 25.00 100.00 15.00 11.54
P(CiIB) 9.09 100.00 100.00 33.33 11.76 100.00 11.54 11.54
P(C4B,L) 0.00 100.00 100.00 0.00 100.00 100.00 10.00 19.23
P(C\B) 36.36 100.00 100.00 9.52 100.00 100.00 7.69 19.23
P(Cs|1B,L) 100.00 100.00 100.00 0.00 100.00 100.00 35.00 42.31
P(CsIB) 100.00 100.00 100.00 28.57 100.00 100.00 42.31 42.31
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Fig. 6 Curves of ROC about models of logistic regression and

Bayesian formula correction
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Tab. 3 Test results of samples from 2021 to 2023

A BBUE R Ve %ﬁii?ﬁ B DU AR BEA RBUE R WER 7 SERARAEN T DAL
B Wi/mm e E W%  ABTEMER/%| 75 W/mn e W% AETEMR%
1 56.46 15 P 96.68 100.00 30 93.79 12 7 99.66 99.66
2 162.21 14 £ 100.00 100.00 31 33.23 7 7 16.71 16.71
3 59.81 10 P 86.83 100.00 32 1.97 1 7 0.14 0.00
4 175.51 14 £ 100.00 100.00 33 18.38 7 7 4.94 0.00
5 299.01 11 £ 100.00 100.00 34 0.60 2 7 0.17 0.00
6  302.90 12 o 100.00 100.00 35 19.18 9 75 10.26 0.00
7 142.38 11 £ 99.99 99.99 36 9.10 7 75 2.18 0.00
8 98.57 12 £ 99.78 100.00 37 51.14 6 75 41.72 41.72
9 69.73 10 £ 94.21 94.21 38 34.29 4 & 7.02 7.02
10 99.42 4 £ 96.59 96.59 39 15.40 1 7 0.46 0.46
11 48.25 7 2 44.04 93.62 || 40 1474 2 7 0.62 0.93
12 28.31 16 £ 76.28 63.10 || 41 16.11 15 R 42.56 35.21
13 116.75 10 2 99.91 99.91 42 41.68 11 7 64.45 53.31
14 103.24 11 2 99.80 99.80 || 43 4476 11 i 70.58 58.38
15 107.92 4 2 98.40 98.40 || 44 10.90 1 g 0.31 0.31
16 127.28 11 72 99.98 99.98 45 106.93 8 7 99.58 99.58
17 94.57 5 b 96.30 96.30 || 46 29.50 2 7 2.33 2.33
18 112.94 5 b 99.28 99.28 47 1.30 2 7 0.18 0.18
19 172.05 10 P 100.00 100.00 | 48 56.92 6 7 54.77 54.77
20 112.37 11 £ 99.91 99.91 49 4378 8 7 42.85 4285
21 206.98 14 P 100.00 100.00 50 27.09 11 7 3245 31.64
22 91.73 11 2 99.42 99.42 51 16.35 6 T 2.93 0.00
23 41.55 14 & 83.98 69.47 52 20.58 6 7 425 425
24 37.05 11 2 54.34 44.95 53 5.89 8 75 2.33 0.00
25 217.32 4 £ 100.00 100.00 54 29.40 1 75 1.63 1.63
26 145.05 7 £ 99.98 99.98 55 23.40 2 75 1.35 1.35
27 84.35 9 s 97.73 97.73 56 51.26 7 7 50.87 50.87
28 32.92 13 £ 62.57 81.36 57 40.33 11 & 61.60 60.06
29 213.07 4 £ 100.00 100.00 58 47.10 2 R 10.58 15.88
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Tab.4 Summary of test results from the models of logistic

regression and Bayesian formula correction
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Fig. 7 Distribution of equal probability curves for disasters about cumulative effective rainfall and rainfall duration
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Probability of landslide disasters induced by rainfall based on
Bayesian formula correction

LU Shengdong', WANG Wenchun’, HAO Xiaodong’, SUN Lijun’, ZHANG Huaming'

(1. Shanxi Meteorological Disaster Prevention Technology Center, Taiyuan 030006, Shanxi, China;
2. Shanxi Institute of Meteorological Science, Taiyuan 030002, Shanxi, China;

3. Shanxi Institute of Geological Survey Corporation, Taiyuan 030006, Shanxi, China)

Abstract: To improve the spatiotemporal probability algorithm for rainfall-induced landslide disasters and im-
prove early warning accuracy, the dataset of rainfall and landslide events in Shanxi, China form 2001 to 2020 was
reconstructed by removing samples from the freeze-thaw period and landslides not clearly rainfall-induced. A di-
saster probability model was developed using logistic regression based on accumulated effective rainfall and rain-
fall duration. Shanxi Province was divided into five subregions according to the spatial distributions of underly-
ing surface factors; the probability model was corrected using a Bayesian formula to obtain a spatial probability
model. The receiver operating characteristic curve (ROC) was applied to determine the critical value of landslide
disasters, and the models were validated with data from 2021 to 2023. Finally, interpolation was used to derive
the disaster threshold curves for different subregions. The conclusions are as follows: (1) The freeze-thaw period
ends in early May in southern Shanxi Province but lasts until mid-June in the north. (2) The ROC curve shows
that both the logistic regression and Bayesian formula correction models predict accurately, with the latter per-
forming better; critical probabilities are 61.51% and 60.37%, respectively. (3) The accuracies of the logistic re-
gression and Bayesian formula correction models are 86.44% and 93.22%, respectively, indicating significant im-
provements with the Bayesian formula correction. (4) Threshold curves across subregions of Shanxi Province de-
crease with rainfall duration increases. Spatially, landslide thresholds decrease from southwest to northeast across
Shanxi Province.

Keywords: freeze-thaw period and non-freeze-thaw period; rainfall; landslide disaster; logistic regression; Bayes-
ian formula; threshold

This version posted 2026-05-25.


https://chinaxiv.org/abs/202605.00246V1

