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Abstract: Improving the accuracy of susceptibility prediction for rainfall-induced landslides and establishing suitable rainfall
threshold models are of great significance for regional landslide hazard assessment. Taking Fuling District of Chongging as a
case study, the information value model, BP neural network model, random forest model, information value-BP neural network
coupled model, and information value-random forest coupled model were used to evaluate regional landslide susceptibility. By
comparing the receiver operating characteristic (ROC) curves, area under the curve (AUC), and susceptibility distribution
patterns of different models, a critical monthly average rainfall threshold model for landslides is proposed, and critical monthly
average rainfall thresholds for different temporal probabilities were inferred. The susceptibility results were coupled with
temporal probability levels to produce regional landslide hazard assessment results. The evaluation accuracy is further validated
with 30 randomly selected landslide events and 4 typical landslide cases. The results show that coupling the Information Value
and machine learning models compensates for the shortcomings of machine learning in early data input and non-sample
selection, enhancing the predictive accuracy of single machine learning models. Among these, the information value-random
forest coupled model exhibits the highest predictive accuracy; of the 30 randomly selected landslide samples, 20 cases (67%)
occurred in areas with a temporal probability of over 50%, validating the accuracy of the critical monthly average rainfall
threshold model. The 4 typical landslide samples selected randomly were primarily in the P4 or P5 temporal probability levels
and were located in high to very high-risk areas, aligning well with field survey results. This indicates that the regional landslide

hazard assessment based on the information value-random forest coupled model and the critical monthly average rainfall

IR

threshold is accurate and reliable.
Keywords: landslide hazard; hazard assessment;

prevention and mitigation
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Fig. 1 Flow chart for regional landslide risk assessment
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Fig. 2 Schematic diagram of the BP neural network model
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Fig. 3 Schematic diagram of the random forest model
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Table 1 Regional landslide hazard assessment table based on
susceptibility and temporal probability levels
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Fig. 4 Geographical location and rainfall stations distribution of the study area
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Table 2 The grading results of assessment factors

W o SN s/s WE NN

A Bkm® (x100) BVkm® (x100)
0~10 997.6 339 1.8 228 —04
10~20 996.8 339 37 468 0.3
Wepg/(e) 20~ 30 6297 214 20 253 0.2
30 ~ 40 2463 84 04 51 —05
>40 718 24 00 00 53
k(3375 ~22.5) 1682 57 03 3.8 —04
#Jb(22.5 ~ 67.5) 677 23 15 190 2.1
ZR(67.5 ~ 112.5) 3203 109 1.0 12.7 0.2
ARm(1125~157.5) 3375 115 08 101  —0.1
. M(157.5~202.5) 2945 100 0.8 10.1 0.0
PiFE§(202.5~247.5)  313.1 106 0.8 10.1 0.0
76(247.5~2925) 3522 120 13 16.5 0.3
P9b(292.5~337.5) 4008 13.6 1.1 13.9 0.0
FIHI(-1) 687.7 234 03 38  -18
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Fig. 7 Landslide susceptibility maps predicted by various models



2025 4 BRUK , S A BTk -5 LR MO ARG S H - 349 [ Y 15 8174 X ok i 33 A B8 1k A 5 X Kl VIS R b X R f - 141 -
1.00 14
f/ p - - RF
/
- :
0.75 e
/
/
e s
# 0.50 v
= v
/
., — RF, AUC=0.88
0.25 , — BPNN, AUC=0.87
p — IV-RF, AUC=0.96
p — IV-BPNN, 4UC=0.92
p — GUIDE
, . . . , 9 FEBIAISIELE
0 0.2 0.4 0.6 038 1.0 Fig. 9 Frequency ratio of each model
1R 5
B8 4 MER AUCTE EIESDA LR, IEE LR G I T LS, Hrh A%
Fig.8 AUC value of four models ZEC R H 0.97,
276.4 mm; % TR A B R R AN By 12 32 TREOB IR A PR
w1 A6y, Horp i E s RN, K 5.7 mm. 7E A BIFREH Fe T H RN i S5 YR 2 [ AR A IR AR

S b, 19 30 A A R R, IR 3 TR .

7 UL LAl b, R B 0 Y A O YRR RN = (E R
ArcGIS 41 1# Splines HEA TR A, FH A (25 1 5 RHIE
PATCHER TSN, SR AR R TT A SRR R R A, AnfEl 11
Fim o

ALOL, X R R B N R R BB X
JEHH XA PR B AE 100 mm LA, F B X H S
PR R AE 100 mm DL b o fe K P2 RN AR 3 B
DX P AT DX 3, /N ) T34 R T e 3 B X R
PR

FIH] ArcGIS FRAFEREUH Ty 52 495 M3 S P34
o T (L, Ko oA R 5 T SRR A S R A A e, 4510 H
-2 B S W AR OC R A, W 12 R, AL 12
AT, B 22 A B0 S0 3 3 s 0T Nz ) e R S L
90 ~ 100 mm, H H F-¥ R it 5 1 PR 2 (8] A AT

PR, R — A W L X o7 1 3 AR a0 A 7 22 m
B DA SR 22 0 3 i Rt i b o TR BR 495 A
Perb e B 461 MR ACR I (4) #1723t 5 Heith £k
B, u=97.4 mm, 0=13.2 mm, MR H R>=0.98.
P13 WAL, I ST P-4 65 e g (A5 280 v, Y s [ 6
4 10%, B P1=0.1 i, HF-25 W &R 78 mm; 4 [A]
MWEZR N 25% W, BV P2=0.25 Bf, H S35 & 4 87 mm;
2] ) HE R Ry 50% I, Bl P3=0.5 if, J -2 R RN
96 mm; SRR K 75% Bf, B P4=0.75 i}, H SF-HR%
N 106 mm. W3 & AR (9 R () AR R S 0 5 H -2 %
MR RUWFE 4 PR,
3.3 VRIS SR TR (AR TR SR

MRS 5 T2 R AR Y 34 STk
REMLIZEHL 30 M AR A H TACAURG FE ik . ¥ Eidid
SR 30 YT BAE A B BE R QA AP (A vh, 45

250, 300 180
276 170
218 160 | 154151
£
£ <120
IH 150} 165 itz
iz 132 2100
¥ ¥ g0
Z100} 96 T
B 69 60 B 60
= 50t 45 33 45 T 40
1515 3 20
0 0 0
1 2345678 09101112 123456789101112 1 23456789101112
A6y Hin At
(a) Wb (b) Kok (c) ME

10 WEHSFRAFHENESITE

Fig. 10 Statistical map of multi-year average monthly cumulative rainfall at rainfall stations
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Table 3 Average monthly rainfall of rainfall stations

[i5Ee H RN/ mm
KH 95.6
b 73 91.4
FHB 91.6
Rk 106.4

(Rt 81.9
il 87.5

pusays| 104.2
KA 117.6
A 75.6

731 89.3
PAL 102.5

H -4 [ R B /mm
<70 100~ 110
70 ~80 WM 110~ 120

80~90 W >]120
0 10 20kmpegog-100 ©

11 FURBASTAEHERESHE

Fig. 11 Distribution map of monthly average rainfall across slope units
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Fig. 12 Relationship between monthly average rainfall and
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Table 4 Relationship between temporal probability levels and
monthly average rainfall

IR I3 S i [ A 32 JF-E R it /mm
Pl 0<P(x)=<0.1 <78
P2 0.1<P(x)=<0.25 78 ~ 87
P3 0.25<P(x)<0.5 87 ~96
P4 0.5<P(x)<0.75 96 ~ 106
P5 0.75<P(x)<1 >106

x5 30 RBWHERLZEMBFEZERSITR
Table 5 Temporal probability levels of occurrence for
30 landslide samples

i} [RIABE 58 55 2% Pl P2 P3 P4 P5
FEAEL 2 2 6 12 8

fii o SRR T RTREE A R — A A H T AR
BRI .
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Table 6 Information on four typical landslides
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Fig. 15 Landslide hazard in Fuling District for temporal probability levels P1 to P5
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