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Abstract: [ Objective | The present study was performed to develop a geological disaster susceptibility
evaluation model for predicting frequent geological disasters in the Taishan area. The aim was to use the
results of this susceptibility evaluation as reference for preventing and managing geological disasters in this
area. [ Methods] Our analyses focused on the Taishan area, employing a method in which the certainty factor
(CF) model was coupled with a random forest (RF) model optimized using the particle swarm optimization
(PSO) algorithm to evaluate the geological disaster susceptibility in the research area. This method uses the

CF model to calculate the sensitivity values of the factors influencing geological disasters, which are then
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used as attribute values for model training. The PSO algorithm was introduced to optimize the parameters of
the RF model, thereby improving the accuracy and precision of the model in predicting geological disasters.
Eleven influencing factors, including slope, distance to roads, land-use type, and vegetation index, were
selected. The Pearson correlation coefficient method and a multicollinearity check were used to screen and
optimize these influencing factors. The precision of the trained model was evaluated using ROC and PR
curves. [ Results ] Compared with those of the single SVR, single RF, and CF-PSO-SVR models, the CF-
PSO-RF coupled model significantly improved the proportion of extremely-high-susceptibility areas by
10.55%, 10.04% , and 5.08%, respectively, increased the AUC values by 14 %, 5.1%, and 1.7%, respectively,
and enhanced the average precision (AP)accuracy by 11.7%, 4.4%, and 1.2%, respectively. The prediction
results revealed that the regions with high and extremely high susceptibility to geological disasters were
mainly located in the Taishan scenic area, Northern Daiyue District, and other regions with significant
topographic relief and steep slopes, covering 28.05% of the area and encompassing 60.1% of the geological
disaster points. In contrast, regions with low and very low susceptibility were primarily distributed in flat
areas, such as construction and farm lands, accounting for 59.26% of the total area. [ Conclusion| The
accuracy of the CF-PSO-RF coupled model for disaster susceptibility evaluation was notably higher than that
of the single models; further, its precision was superior to that of the CF-PSO-SVR model. These evaluation
results are consistent with actual conditions.

Keywords: geological hazard susceptibility assessment; particle swarm optimization algorithm; certainty factor

(CF) model; random forest (RF) model; support vector machine (SVM) model; Taishan area
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Table 3 Classification of various influencing factors and certainty coefficient (CF)
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Fig.3 Zoning results of geological disaster susceptibility evaluation in Taishan area
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Table 4 Zoning area and hidden danger proportion of geological disaster susceptibility in Taishan area by using four model

i SVR 7 i RF 7 CF-PSO-SVR CF-PSO-RF

e T 1 9 E i 1 9 E i 1 &R 5 T 7 9 E

LB/ Y% H /%% H A/ % L/ v L/ v i/ Yo L/ Yo LB/ Y6
WA 5 & X 2.78 0 43.08 11.8 46.28 5.5 42.48 7.2
K% % X 43.28 23.6 27.07 15.5 18.15 9.1 16.78 6.4
A5 K IX 32.88 34.5 11.57 12.7 10.15 12.7 12.70 17.3
o kX 16.41 25.5 13.13 35.5 15.30 30.0 12.85 20.0
W 5 5 & X 4.65 16.4 5.16 24.5 10.12 42.7 15.20 49.1

4.2 HEEBEIL

N T VAR RS B BORLTE M TR T S K
PEFFIN T RS HE AR SCR AT T ROC (IR TAERRHAE
i £ )P F1 PR (precision-recall curve)PY, i i
ROC £ F f 1 ALCAUC) S Ak A5 R, 48 4l o {18 B
PR CRE SR, s B Al b T 9 3 A T Ay K m
(4 HE A1) DN Al kg L B AR CREURR AR | 3R 7S TR A 3500
Hb TR ALY LA

PR e W5 3o 313501 AR (19 405 B2 CAP)
18 Al oA A 1 ROR A S BR 9 A b B O A S i
VA1) Bt A K i 3, SRR BT AT e T0I Oh R T RRY A
AT S BR S K FE R

HII&] 4 AT, Bl SVR LR AN LU RE 52 A Y

ROC Mgk AUC 43%14 0.832 F1 0.921, PR i & /%
T AE BE 43 5 A 85.3% Al 92.6 % . CF-PSO-SVR #i{
RUFI CF-PSO-RF # # iy AUC 4 % 4 0. 955 Al
0.972, PR i1 £k i 7 B0MRE BE 43 1) R 95.8 %6 F1 97.0%
AR LG XL 4 B — SVR B AL RF AR AUC {2
12,3 % F 5.1 %, TS BE AH L 2 & 100506 AN
4.4 %6, Uk WDRLF B B 0k R 2 M 2R OB AR X 1)1 2k A
R TGO RE BEFIPEREHEAT TR T E R G B A,y A
4 e 5 45 Jnl A, M CF-PSO-SVR # #Y, CF-
PSO-RF # A1) AUC {H R * A F5000 RS B2 o8 i HLYY
JiR 25 (MSE) A , & W] CF-PSO-RF # # Xf i i 7%
18 U AR T G R A R O L TS TR A b
WK 5y KNG



555 R 4 3 F CF 54k RE BEBUHE A A0 28 1L X b K 35 5 & 141
12T a ROCH %, LLr b PR 4
1.0} I T i 1.0
0.8 | 09}

o 4
# 0.6 2 08
= i
0.7}
0.4 1 ¥ SVR(AUC=0.832) —— SVR(AP=0.853)
— RF(AUC=0.921) 0.6 —— RF(AP=0.926)
0.2 —— PSO_CF_SVR(AUC=0.955) —— CF-PSO-SVR(AP=0.958)
PSO_CF_RF(AUC=0.972) 05L — CF-PSO-RF(AP=0.970)
0L : ' : : : : : ' : :
0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
5 7 5

Bl 4 4 FEEH ROC 0 PR IFMH 4R
Fig.4 Evaluation results of ROC and PR for four models
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