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Abstract
Yunnan Province is characterized by complex geological structures and a high frequency of geological
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hazards. Accurate prediction of geological hazard susceptibility is of great significance for disaster
prevention and mitigation. Taking Zhenxiong County as the study area, this study uses the Infor-
mation Value (IV) model to quantify the influence of attribute values of each factor on hazards, and
couples it with the Random Forest (RF) model to construct an evaluation model. Meanwhile, the Shap-
ley Additive Explanations (SHAP) method is employed to conduct interpretability analysis of the
model, so as to clarify the impact of each factor on geological hazards. Data on geological hazard
locations and 16 influencing factors in Zhenxiong County were collected, processed, and then used
for model construction and validation. The results show that the area under the ROC curve (AUC) of
the IV-RF hybrid model is 0.93, indicating high prediction accuracy and reliability. In addition, geo-
logical hazard susceptibility shows significant spatial heterogeneity, with very high and high sus-
ceptibility zones concentrated in the central, southern and parts of eastern regions of the county.
SHAP analysis reveals that factors such as elevation (DEM), distance to roads (DistRd), and Normal-
ized Difference Vegetation Index (NDVI) impose significant impacts on geological hazards, and the
increase in information values of each factor is generally positively correlated with the increase in
geological hazard susceptibility. This study provides a scientific and effective tool and an important
reference for regional geological hazard risk management.
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Figure 1. Overview map of the research area
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2.2. WHEHKIR

ASEES: P FH 3 1)K B4 Bk L 3 5 ok A BAK 16 AR, B4 i iR (DEM). 3% (Slop)
I 5] (Aspect). HFE AR R FE (Terrain Ruggedness Index, TRI). &if24% 5 £ i (Elevation Variation Coefficient,
EVC). Hu LA K £ (Surface Roughness, SR) . 31 3% U1 %74 F (Surface Incision, SI). 7K it 5 & £5 £ (Stream power
index, SP1). HbuJEIE & 454 (Topographic wetness index, TWI). &Pk (Lithology, LIT). +3E2$%!(Soil Type,
ST). #E 7 ) #E 5 (Distance to Faults, DistF). #F B59] it (1) 2E & (Distance to Rivers, DistR). PEiE % i &5 (Distance
to Roads, DistRd). - #F] F (LULC) JA— A i FE ZU(NDVI) o A SORF S-S5 M0 K] - 48— AL B A AbAR 4% =X,
FFHECRFER 30 m x 30 m A 3 k4, G UFr RS NIFATEAE. BET S5 0. Bl kIEN % 1.

Table 1. Research data and sources
= 1. REIBEKIE

A E T HiT 9 58 A B IR T EAETRY
HiUTE 5 R PRS- Vi
https://gisrs.cn
M3 2= () s
B H DEM. Slop. Aspect. TRI. EVC. SR. Sl
https://www.gscloud.cn/
LIT s - 3B 5 545 Bt
Hh T HHE DistF HOT R E R AR A RS 1:20 J T A
ST rp Rl 2 B R 20T T BT
OpenStreetMap
DistR
https://github.com/openstreetmap
IR H N
Hh 3 7 B R =
SPI. TWI
https://www.gscloud.cn/
OpenStreetMap
DistRd
https://github.com/openstreetmap
YN STEEET SN
HOER TR E I
LULC. NDVI
https://gis5g.com/home
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Y G RREE T

1) R T RIE R A 16 R TR 2 LA, A LV BRSO L A i T
Py RIME B2 .
2) M LV_RF ARG . K IV BRS04 I 75 S BV ARHEE, A RF A H

TR K E S R .
3) T ARSI IREN R T2 M7 o 3BT SHAP fEBAS AL, DU % PR 7 0] 157 5 2 AR 50
FRB A& W 2,
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Figure 2. Technical process

2. FARRIE

3.1. EFiHE

T R IR B 7 AR LR, TR B L R AT 2 AR R VAT IS A MRS . B ST
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PEs AR REEEIE 0, PN 7 2 18] J LA AH oM

3.2. LV =8

LV BUR KA e SR T F A B BT S (R B AL, T3k AR AT B 7 46 R I 55
RAR G A TRRAER, TR, RV B TAE 5RO, AR ORI
N, /N
S;/S
Kot V(X K) R T X, SRS K RO B R, N, RN T X, X35
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JROKE w55 R E A R R S R X RIAEA . S, R R RBOE N “17
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3.4. FEIFN

K 32 1R # TAERAE #h 42 (Receiver Operating Characteristics, ROC) % #5 84 f Fil i ¥4 B #EAT K606, LA
4 T IR (Area Under Curve, AUC) SR FEAT PN . A AL BR 27 (R BH 14 %2 (False Positive Rate, FPR),
FoR TR A HL T IR Hb A T A R TN A A T RIRE s AL bR ELFH 4% (True Positive Rate,
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3.5. SHAP AI RS
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Table 2. Calculation results of factor multicollinearity
F2 BFEEHEHUTELER

H+ TOL VIF
Aspect 0.968 1.033
DEM 0.512 1.952
DistF 0.939 1.065
FistR 0.923 1.084
DistRd 0.881 1.135
EVC 0.144 6.951
LIT 0.942 1.061
LULC 0.767 1.304
NDVI 0.973 1.028
SI 0.116 8.633
Slop 0.09 11.151
SPI 0.668 1.497
SR 0.127 7.902
ST 0.897 1.115
TRI 0.081 12.279
TWI 0.525 1.905

e bR % EACLMEN 7 Ja, #E— R PCCs THHEFEMI 1 Z [ A Sk, PR32 8] R A e 1 22 4L

#HANTF 0.7, RUFIARE T Z RIAAFAEGRAHICNE . Wl 3 Fror.

Aspectm 0.01 0.02 0.04 -0.07 0.05 -0.08 0.02 0.08 -0.02 0.07
DEM- 0. 01 —0.02 0.20 0.17 -0.13 0.03 0.06 0.02 0.29 -0.10
DistF- 0.02 -0. 02 0.01 0.19 0.05 0.11 -0.03 -0.00 -0.07 -0. 05
DistR- 0.04 0.20 0.01 0.12 0.06 0.00 -0.02 0.02 0.06 -0.03
DistRd--0.07 0.17 0.19 0.120.04 0.18 0.01 0.08 0.06 -0.06
LIT-0.05 -0.13 0.05 0.06 0.04 M*O. 02 0.10 -0.03 0.00 0.01
LULC--0.08 0.03 0.11 0.00 0.18 —0. OZM—O. 04 0.02 -0.09 -0.23
NDVI- 0.02 0.06 -0.03 -0.02 0.01 0.10 -O0. 04—0. 01 0.04 0.04
SPI-0.08 0.02 -0.00 0.02 0.08 -0.03 0.02 -0. 01 0.03 0.34
ST--0.02 0.29 -0.07 0.06 0.06 0.00 -0.09 0.04 0.03 0.02
TWI- 0.07 -0.10 -0.05 -0.03 -0.06 0.01 -0.23 0.04 0.34 0.02
}f‘ & & g\*&@%&& KSR

Figure 3. Results of factor correlation analysis
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Figure 4. Information values of evaluation factors
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Figure 5. Geological hazard susceptibility in Zhenxiong county
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Figure 7. Cross-validation ROC curve of geological hazard susceptibility evaluation based on the LV-RF model
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Figure 8. Geological hazard susceptibility map based on the RF model
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Figure 9. Cross-validation ROC curve of geological hazard susceptibility assessment based on the RF model
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Figure 10. Ranking of feature importance
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Figure 11. SHAP summary plot
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