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Optimization of Landslide Susceptibility Assessment Method Coupling
Mathematical Statistics and Machine Learning Models
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3. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China)

[ Abstract] Landslide geological hazard susceptibility assessment is an important means of hazard prevention and reduction. The se-
lection and optimization of susceptibility assessment model is very important. Sinan County was selected as the study area, and 16 as-
sessment factors such as elevation, slope, curvature, lithology, land use, and average annual precipitation were selected. Frequency
ratio (FR) model was coupled with support vector machine (SVM) model and random forest (RF) model. Grid search method was in-
troduced to obtain the optimal parameter combination of SVM model, RF model and their coupling model for model training. Finally,
SVM, RF, FR-SVM and FR-RF models were constructed to predict landslide susceptibility in the whole study area, and receiver oper-
ating characteristics (ROC) curve was performed verification. The results show that compared with the single machine learning model,
the coupled machine learning model has more landslide hazard samples fall in the high zone and the very high zone, and has higher ac-
curacy. In the single model, more landslide hazard samples in the RF model fall in the high zone and the extremely high zone. In the
coupled model, more landslide hazard samples in the FR-RF model fall in the high zone and the very high zone, and no hazard samples

points in the FR model and the FR-RF model fall in the very low zone, indicating that no matter the single model or the coupled model,
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The performance of RF model is better than that of SVM model. The AUC values of ROC prediction curves of the four models are 0. 831
6,0.8439, 0.864 4 and 0. 910 4, indicating that the coupling model combined with FR model and RF model has a higher accuracy,

and this model is more suitable for the assessment of landslide susceptibility in Sinan County. The assessment results can provide some

reference for hazard prevention and reduction of local landslide geological hazards.
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ing characteristic curve; Sinan County
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Fig. 5 Landslide susceptibility assessment factor map
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Fig. 6 Correlation coefficients and information gain ratios of each assessment factor
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Fig. 7 Optimal parameter combinations for SVM and RF models
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Table 1 Frequency ratio values for different assessment factors

RIS a4 WA Mg S SREIE || PR a4 EYE I Mg S R E
<500 0.1100 0.1087  1.0119 <1050 0.0650 0.0960 0.6770
500 ~ 600 0.2000 0.1884 1.0618 ARy 1 050 ~1 080 0.1450 0.2423  0.598 4
R AR/m 600 ~700 0.2750 0.2337 1.1770 | KEmiH/ 1080 ~1 110 0.4650 0.3134  1.4837
700 ~ 800 0.2100 0.1890 1.1110 mm 1110 ~1 140 0.2900 0.2516 1.1528
>800 0.2050 0.2803 0.7314 >1 140 0.0350 0.0967 0.3620
<10 0.0550 0.2489  0.2209 <0.15 0.1350 0.1178 1.1465
10 ~20 0.4800 0.4120 1.1651 0.15~0.2 0.1600 0.1354 1.1816
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Ak 0.1200 0.1153  1.0407 | :3FIH b, 0.0350 0.0388  0.9027
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i) 0.1100 0.1268 0.867 7 EHAFELAREL  0.0200 0.0668  0.299 4
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Fig. 8 Landslide susceptibility zoning map based on SVM and RF models
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Fig. 10 Landslide susceptibility zoning map based on FR-SVM and FR-RF models
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Table 2 Statistics table of landslide susceptibility zoning for each model
T A5 7Y 5y KAk TR IR Gy AR B/ A i SR 1 % o7 SR LY 15/ % T3 LA
WARZ) K X 4 853 916 2.00 34.76 0.057 5
K5 & X 15 564 384 7.50 22.98 0.326 4
SVM 5 EIX 31 409 862 15.50 16.69 0.928 9
2 KX 48 347 300 24.00 14.14 1.697 5
Wi 5 K& X 102 280 898 51.00 11.44 4.459 8
AR5 K& IX 0 268 356 0.00 10.92 0
K% & IX 4 740 121 2.00 30.13 0.066 4
RF R g K IX 22 811 411 11.00 33.03 0.3330
ok IX 75 519 972 37.50 21.17 1.7715
Wi 5 K IX. 99 116 500 49.50 4.74 10.436 9
WARZ) K X 916 438 2.00 37.31 0.053 6
55 % X 586 568 4.00 23.88 0.167 5
FR-SVM g RIX 18 402 272 9.00 16.38 0.549 6
=9 KX 52 360 729 26.00 14.69 1.770 5
Wi 5 K X 118 190 353 59.00 7.75 7.613 5
WARZ) K& X 0 743 945 0.00 30.29 0
155 KX 3 603 897 1.50 24.59 0.061 0
FR-RF 5 RIX 15 545 709 7.50 22.22 0.3376
2 KX 65 408 476 32.50 16.63 1.954 4
Weim 2 & IX. 117 154 333 58.50 6.28 9.310 8

i 1 ROC il 2R 147 AS R W 3% &) 2 1k A A A
FAPRG B2 3G IE , ROC. 2k 1 i Al A AR AR P % (1
FRSEE) 7R I 5 R VRN TP AR R IR 2K
TEZE Y 5 28 BIRE A e B 5 SRR AR P Ay e ], 90
A Bt FR ELBH PR (CRRURR B ) |, AR 3 e 1 T A 1
A BIREAR R IE 28 B A B LB, Sk T o

H AT AN S5 38 5 ROC #ik i ( AUC) £
AR TR T ) B 0 WY S R M PR R AUC
(EAE LA H FE 0. 5 ~ 1, HAEMZIT 1, A5 10 100 v
Wtk# R, 24 AUC <0. 5 i SRR BT A H
MEE L), AUC JEFBIAE 0.5 ~ 0.7 b WA AR B P 45
25,750.7 ~0.9 ULWIKE BE AT, 76 0.9 ~ 1 U WIAE E

¥ M HE - www. stae. com. cn



B 2 A 5O O#

1838 Science Technology and Engineering

2025,25(5)

R, B R FEAC RT3 A5 B A 0 3 5 k1 4
Bk A SPSS A AT ROC 434, & 11 s,
SVM . RF ., FR-SVM ., FR-RF #& &I ) AUC 43 %]}y
0.831 6.0.843 9.0.864 4 .0.910 4, flrHEL Al AUC
PIRTF 0.8, F T A5 16 25 358 - ) T 40 A, G
o FR-RF B84 1) AUC KT 0.9, 47 4R & 1Y Fl i 2%
W HLEs A I BRI RF AR AUC 5T SVM
PR A HLES F I B AL FR-RF FLALR) AUC &
T FR-SVM B34S | H [7] —#L 5 2% 2] B4 8 {55 A A 5
AUC & T —pL g > i

1.0F
08k
;ﬁ 0.6
&=
K
04k
+ SVMBAI(AUC=0.831 6)
> RFREAI(AUC=0.843 9)
-+ FR-SVMAAZI(AUC=0.864 4)
02 = FR-RFHEI(AUC=0.910 4)
— B & (AUC=0.500 0)
1 1 1 1 1
0 02 0.4 0.6 08 1.0
(L

F 11 &8 ROC Hh4k
Fig. 11

ROC curves for each model

5 #ig

(1) LUE BRI X4, X A5 IX D7 5 3 3
BARSEAT 0T, R Rz ZR b A OC R 4L (PCC) A E B
25 L (IGR) AT AH S NE 2T i 5 W 38 5 % P VEAY
K-, i RF.SVM Bif }z FR #iAY5 RF SVM
RIFEA ) FR-RF  FR-SVM #5851 FF J'& 09F 5% [X % W 5
REVEN . I Has 2k TEM 4 (ROC) T iy
HHZE T AL (AUC) X L iR AR FE 1R BEPEAN , 45 51
Z SVM .RF .FR-SVM .FR-RF ##1f{) AUC 435 K
0.831 6.0.843 9 0.864 4 .0.910 4,4 MERIHERA
T B TR JE

(2) R T AR PR () 8 B s AN 3L 5 i)
B, 5 FR BRI 5 5 RF SRR SVM B 474 &
A BUHTY) FR-SVM RS FR-RF B AY | 45 51 i R4
AL R AR 5 — ML 2F S A L, AUC
A3 ER i T B — AL 2 S A MR R B K X
Gy R DX BB B BB LB OR R, SVM  RF | FR-
SVM FR-RF 7R 55 5 & X F i &y DX I 3 88 5
Fe 43 5N 75. 00% . 87.00% . 85.00% 91.00% , ¥
BBl > R 1) W S8 eS8 e TR — i L
ARE I BIR FRARIALA S WA BIASEE . REF A
RUFN FR-RF AR ARG 5 A X 38 Tt 31 ¢ 3 o, 38

BTGS2 B — HL g o 2 BRI R A ML 2 S AR
AL RF BERIAH b SVM A5 AU A 25 5 G A8 PO G 2

(3) W5 X 37 W 307 45 s 53 52 ), % 35 ) DX T
T R X B A AR T K B0 I DL R T AR
AR A X3 (B 3N PY L3R JEAK £ AL Km0
BRLZR DG v S0y 1 P S B AT B AR A DA B
IKHEAR # ) | [6] Bt 40 A 7 38 B DA S 34 s 1R
BT, S5 XTI it I S i 30 A 52 B 15 490 A 4
B, o Koy X8 ] S i 5 DX B O 9 i RN K
TR REE S

[1] LinL, Lin Q, Wang Y. Landslide susceptibility mapping on a glob-
al scale using the method of logistic regression[ J]. Natural Hazards
and Earth System Sciences, 2017, 17(8); 1411-1424.

(2] %%, BEmE, i, 5. BRI BT F R R

HEEM—ULL B S B S BRG], BEEARST
T, 2024, 24(5) . 1823-1836.
Yang Bao, Zhao Ruizhi, Wang Haibo, et al. Remote sensing tech-
nology for early recognition and dynamic monitoring of geological
disasters; take Changho Township to Yangla Township section as an
example[ J]. Science Technology and Engineering, 2024, 24(5) .
1823-1836.

[3] Liu L, Zhang Y, Xiao T, et al. A frequency ratio-based sampling
strategy for landslide susceptibility assessment[ J]. Bulletin of Engi-
neering Geology and the Environment, 2022, 81(9) : 360.

[4] Wang H, Zhang L, Luo H, et al. Al-powered landslide susceptibil-
ity assessment in Hong Kong[ J]. Engineering Geology, 2021, 288
(1):106103.

[5] skiFJr, BRaETE, BL05, . BIREAAME W KRG0S

R —— LK BT ], B foR 5 TR, 2023, 23
(10) ; 40914099.
Zhang Zefang, Qian Zhikuan, Wei Yong, et al. Landslide suscepti-
bility evaluation considering optimal combination of influencing fac-
tors; a case study of Shuicheng District[ J]. Science Technology
and Engineering, 2023, 23(10) ; 40914099.

[6] Deng H, Wu X, Zhang W, et al. Slope-unit scale landslide sus-
ceptibility mapping based on the random forest model in deep valley
areas[ J]. Remote Sensing, 2022, 14(17) ; 4252.

[7] Zhao B, Ge Y, Chen H. Landslide susceptibility assessment for a
transmission line in Gansu Province, China by using a hybrid ap-
proach of fractal theory, information value, and random forest mod-
els[ J]. Environmental Earth Sciences, 2021, 80(12) : 441.

[8] Ozioko O H, Igwe O. GIS-based landslide susceptibility mapping
using heuristic and bivariate statistical methods for Iva Valley and
environs southeast Nigeria[ J]. Environmental Monitoring and As-
sessment, 2020, 192(2); 119.

[9] Ozturk D, Uzel-Gunini N. Investigation of the effects of hybrid
modeling approaches, factor standardization, and categorical map-
ping on the performance of landslide susceptibility mapping in Van,
Turkey[ J]. Natural Hazards, 2022, 114(3) . 2571-2604.

[10] Panchal S, Shrivastava A K. A comparative study of frequency ra-

tio, Shannon’s entropy and analytic hierarchy process ( AHP)

IS MHE - www. stae. com. cn



2025,25(5)

KNNAR 45 B TRCA ST S ML 7 S BB 5 A T B 2 BN DT ik Ak

1839

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

models for landslide susceptibility assessment[ J]. ISPRS Interna-
tional Journal of Geo-Information, 2021, 10(9) : 603.
Gantimurova S, Parshin A, Erofeev V. GIS-based landslide sus-
ceptibility mapping of the Circum-Baikal Railway in Russia Using
UAV data[ J]. Remote Sensing, 2021, 13(18): 3629.

Xing X, Wu C, Li J, et al. Susceptibility assessment for rainfall-
induced landslides using a revised logistic regression method [ J].
Natural Hazards, 2021, 106(1): 97-117.

Cheng J, Dai X, Wang Z, et al. Landslide susceptibility assess-
ment model construction using typical machine learning for the
Three Gorges Reservoir Area in China [ J].
2022, 14(9) : 2257.

Yu L, Zhou C, Wang Y, et al. Coupling data-and knowledge-driv-

Remote Sensing,

en methods for landslide susceptibility mapping in human-modified
environments: a case study from Wanzhou County, Three Gorges
Reservoir Area, China[ J]. Remote Sensing, 2022, 14(3) ; 774.
Chen W, Chen Y, Tsangartos P, et al. Combining evolutionary al-
gorithms and machine learning models in landslide susceptibility
Remote Sensing, 2020, 12(23) ; 3854.

Huang F, Yao C, Liu W, et al. Landslide susceptibility assess-

assessments| J .

ment in the Nantian area of China: a comparison of frequency ratio
model and support vector machine[ J]. Geomatics, Natural Haz-
ards and Risk, 2018, 9(1): 919-938.

Fang Z, Wang Y, Duan H, et al. Comparison of general kernel,
multiple kernel, infinite ensemble and semi-supervised support
vector machines for landslide susceptibility prediction [ J]. Sto-
chastic Environmental Research and Risk Assessment, 2022, 36
(10) : 3535-3556.

Shou K, Lin J. Evaluation of the extreme rainfall predictions and
their impact on landslide susceptibility in a sub-catchment scale
[J]. Engineering Geology, 2020, 265 105434.

BRETE, D2, UKW, 5. TRt R 8 SRR L
W KRN ()] B R 5 TR, 2023, 23 (2):
518-527.

Chen Xinyu, Shi Yun, Wen Yongxiao, et al. Landslide suscepti-
bility evaluation based on certainty factor and support vector ma-
chines[ J]. Science Technology and Engineering, 2023, 23(2) .
518-527.

Luo X, Lin F, Zhu S, et al. Mine landslide susceptibility assess-
ment using IVM, ANN and SVM models considering the contribu-
tion of affecting factors[ J]. Plos One, 2019, 14(4) . e0215134.
XS, XULLAR. T B -BE LA MR Y 74 b 72l il 5T
EG R UG- RN B [)]. Bk ST
i, 2024, 24(1) . 143-154.

Liu Yajing, Liu Hongjian. Evaluation of geological hazard suscep-
tibility in seismic zone based on information data-RF model; a case

study of Songpan-Jiaochang seismic zone[ J ]. Science Technology

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

and Engineering, 2024, 24 (1) . 143-154.

A, B =, WA, 5. B TIESRAUA SCi e LA R
LR B 5 B PR IPAR (0], B R 5 TAR, 2023, 23
(15) : 6350-6360.

He Wancai, Zhao Junsan, Lin Yilin, et al. Landslide susceptibili-
ty assessment in Weixin County based on evidence weight and sup-
port vector machine model[ J]. Science Technology and Engineer-
ing, 2023, 23(15) : 6350-6360.

BT, WA, 21871, B AR HURE S LA R RO SR e
oo ——LABt M A s B[], A4, 2021, 41
(20) : 8076-8086.

Luo Hong, Chen Lei, Jiang Yunli, et al. Landscape pattern chan-
ges and analysis for the integration and optimization of natural pro-
tected areas: a case study on Sinan County of Guizhou Province
[J]. Acta Ecological Sinica, 2021, 41(20) ; 8076-8086.

2, AR, FET MM GIS W Il XU PPAN 7 3 b I /)
BT[], AR, 2003(2) - 86-92.

Li Jun, Zhou Chenghu. Appropriate grid size for terrain based
landslide risk assessment method based on grid GIS[ J]. Journal of
Remote Sensing, 2003(2) ; 86-92.

SKRICHE, wTRE, 20T, AE. USSR E B R
PRI LT SE ()], A0 1% 5 TR, 2020, 39(8) :
1595-1610.

Zhang Qikai, Ling Sixiang, Li Xiaoning, et al. Comparative study
of rapid assessment models for landslide hazard susceptibility in
Jiuzhaigou County [ J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(8) : 1595-1610.

D, E/ARY, 5%, % BETIIE InSAR BRI BER AR
A RKTT BT e i b U 5B A2 e [J]. Rl2A
AETHE, 2024, 24(4) . 1357-1369.

Fang Yingchao, Wang Xiaosong, Jiang Yi, et al. Landslide
hazard identification and deformation analysis along the Tianshui
City section of the China-Guizhou natural gas pipeline based on
time-series InSAR technology[ J]. Science Technology and Engi-
neering, 2024, 24(4) : 1357-1369.

Xie W, Nie W, Saffari P, et al. Landslide hazard assessment
based on Bayesian optimization-support vector machine in Nanping
City, China[J]. Natural Hazards, 2021, 109(1) : 931-948.
Huang W, Ding M, Li Z, et al. An efficient user-friendly integra-
tion tool for landslide susceptibility mapping based on support vec-
tor machines: SVM-LSM toolbox[ J]. Remote Sensing, 2022, 14
(14) . 3408.

Sun X, Chen J, Han X, et al. Application of a GIS-based slope
unit method for landslide susceptibility mapping along the rapidly
uplifting section of the upper Jinsha River, south-western China
[J]. Bulletin of Engineering Geology and the Environment, 2020,
79(1): 533-549.

IS MHE - www. stae. com. cn



