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Lixian and Maoxian Counties
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Wuhan, Hubei 430074, China)

Abstract: This research explores the integration of machine learning in assessing landslide susceptibility, scrutinizing the
selection of non-landslide samples. Taking Wenchuan County, Lixian County, and Maoxian County in Sichuan Province as the
study areas, 7 evaluation factors were considered, including slope, aspect, elevation, distance to the water system, distance to the
fault, lithology, and land use. Non-landslide samples were randomly selected from the lower and extremely low susceptibility

zones divided by the information value model (I), weight of evidence model(WOE), coefficient of determination model (CF),
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and frequency ratio model(FR), as well as form the buffer zones (B) and the entire region (G). These samples were then
analyzed using a support vector machine (SVM) model. The results showed that the AUC values for I-SVM, WOE-SVM, CF-
SVM, and FR-SVM were 0.980 4, 0.972 6, 0.936 8, and 0.845 1, respectively, which were superior to the 4UC values of B-
SVM (0.786 9) and G-SVM (0.738 9). This highlight the effectiveness of using mathematical-statistical models for the selection

of non-landslide samples, with particular emphasis on the accuracy of the information value model. This study offers a novel

approach to selecting non-landslide samples, significantly enhancing predictive accuracy in landslide susceptibility assessments.

Keywords: landslide; susceptibility assessment; information value model; weight of evidence; certainty factor; frequency

ratio; support vector machine
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Table 2 Optimal parameters for different models
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Fig. 7 Landslide susceptibility zoning generated based on SVM model
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Table 3 Classification area of susceptibility and proportion of landslide area

Gy RS WA Edio i B e
I-SVM 2696.75 224436 200625 2189.49 3120.79
WOE-SVM 3058.40 2250.93 1 869.58 1 984.89 3093.82
5k CF-SVM 3190.05 197534 1817.33 2060.21 3214.70
SRR km? FR-SVM 2780.17 2293.44 2265.99 2454.95 2463.09
B-SVM 264725 3111.23 3095.24 2299.57 1104.34

G-SVM 1381.98 3186.95 3089.52 2652.01 1947.17




2025 4 280G, A5 ISR A XTI I B K R VR ) R T T PAsc B B B oA 4] <137 -
(Ze3k)

G RVEST AR AR g g aH]

I-SVM 0.11 0.59 4.06 13.15 82.10

WOE-SVM 1.03 1.19 4.98 20.78 72.01

A TR CF-SVM 0.10 541 4.75 19.55 70.19

5 He/% FR-SVM 0.21 2.56 15.66 10.94 70.64

B-SVM 1.58 5.85 18.14 42.98 31.45

G-SVM 331 11.46 25.82 13.97 45.44

T INGE o DA IR T e A P SR B T A 1R] O3 A
T, WA 2 R RN AR I IR RRE . (HSEER T AR T
258 A GE T 5T DX I A 3 DX 3885 0 A v 3 DX
28 vp X 3 B AR N T AW A& K256, Nl b
G 1 A7 TE DAV T T 38 DXl BB o 38 0, 523 B-SVM
o0 S g 1] Sl 3 DR, T 3 s S i DXR A
WA, AT RSG5 & XS T, B-
SVM 19 7 B i AR 5 Tk ) 1 74.43%, LT G-SVM 1Y
59.41%, Ui/ DNZZ vt X S AL G HCIE 30 A 7E — e PR
RS T AR SRR AR A A e, DA B R T AR (Y T
FiEE
4.3 BRAVKE VA

TR SR VAN A5 S HERR M AN B, SR T R
PEAEPEM AR BE, JFBEE ROC #hk | IRIBERE . R
P REER . A B F1LYECEE 6 NS EUE M IE 45
Fro K 8 &MY ROC M4, K 9 JB/R T 4 M
AU R S S A v fE o F &1 8. 181 9 mI: 6 s

10
08}
0.6}
04}

02F

I RS B H e B AR YN - I-SVM>WOE-SVM>CF-
SVM>FR-SVM>B-SVM>G-SVM.,
G-SVM J& M oA & A= i 3 DX e Bt B 0 B I i 3 ke

10
0.8F
0.6
i
gl
] .
0.4 1
——1-SVM (AUC=0.980 4 )
© —— WOE-SVM (4UC=0.9726)
02 — CF-SVM (A4UC=0.936 8 )
’ FR-SVM (AUC=0.845 1)
— B-SVM (4UC=0.7869)
— G-SVM (A4UC=0.7389)

0 0.2 0.4 0.6 0.8 1.0
St

8 A RE#EE) ROC HiLL
Fig. 8 ROC curve of different models
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Fig. 9 Evaluation index of the model performance



- 138 - Hh [ M KCE 5 B iR A 4R

%34

AR, KPP kG TR T, E SRR AR T Ak
SR LB 5] A% T W AEAE — 2 BEDLIE, AN ]k e b
TERR o Mo 45 0F T i 22 aliad A M be 8 T AR M, AT
PEFEATEZS [A] L ANER A, ASBEAR A b AR 2 T IX 11
I AR, P EUSRUR R

B G AR R4 T W 3 ) R PPN I 2 1 T
AR A BT ISR 23 9T 1 o304 O, 800 20 1 T 3
B WAV G % DX R 4 b s e T Al o 33 DX I R AE,
36 TR A AS o A 4 B 7, PRt I-SVML, WOE-SVM,
CF-SVM. FR-SVM £ RU K B2 #0151 I 25 2R ¥ 06 T B-
SVM Al G-SVM., H:rf, I-SVM K5 & I 1, 15 8 B A Y
JE VR AR AS B SR T %

TEPRAEMERE )y T, EEANIFSE X BEAIL 1E IR 1 A
AJE B Ty 15 NG 1 DX A1 328 BRI T 38 A L A 1
{BARHS T4 5 2 56 1 5 2% b IX Y0 [l s 5 7 b 7 95 A
Vo, ff IR G R 30043 DX 8 O 3 3 AR RO R B 4
{AFFZ X 58 XA T 3 B A 043 IX, 36 m T IR %
TAEH,

(A E A58 )5 2 A BIFE IX sk A R 3l 4311 X
I TR AR RE AR, SR FH 2y e IS R B SR A v
B, HorhfE B A AR e AR W A A B B T 5

(2)6 Fl # Y (I-SVM, WOE-SVM, CF-SVM, FR-
SVM. B-SVM, G-SVM) i1 31 57 & 14 43 IX [ e 30—
S (AR B, A5 DX o R o8 B e X 2 B AT A i
BRI LA B X, 22 SR A b RO b DX 3R, 422 30 3T 3
W J22 e A e 3 RS K

£ % 3Lk (References) :

[1] XIA Ding, TANG Huiming, SUN Sixuan, et al. Landslide
susceptibility mapping based on the germinal center optimization
algorithm and support vector classification [ J ] . Remote
Sensing, 2022, 14( 11): 2707.

(2] K, EFMHE, BRE, 5. 5T R RS E Y 8 b X /N A
W J7 18 3 oy R AR XL A AT (D] E R R S
By if % i, 2022, 33(6): 125 — 133. [ GUO Fei, WANG
Xiujuan, CHEN Xi, et al. Comparative analyses on susceptibility
of cutting slope landslides in southern Jiangxi using different
models [ J] . The Chinese Journal of Geological Hazard and
Control, 2022, 33(6): 125 — 133. (in Chinese with English
abstract) |

[3] DENG Hui, WU Xiantan, ZHANG Wenjiang, et al. Slope-unit

scale landslide susceptibility mapping based on the random forest

[7]

[10]

[11]

model in deep valley areas [J] .

14(17) : 4245.

Remote Sensing, 2022,

QUAN Hechun, JIN Guangri, DESTECH PUBLICAT I
Landslide susceptibility mapping in Changbai Mountain Area
using GIS and artificial neural network( ANN) ; proceedings of
the international conference on GIS and resource management
(ICGRM), Guangzhou, PEOPLES R CHINA, F Jan 03-05,
2014 [ C] .2014.

KAVZOGLU T, SAHIN E K, COLKESEN I. Landslide
susceptibility mapping using GIS-based multi-criteria decision
analysis, support vector machines, and logistic regression [ J ] .
Landslides, 2014, 11(3): 425 —439.

DOU Jie, YUNUS A P, BUI D T, et al. Assessment of advanced
random forest and decision tree algorithms for modeling rainfall-
induced landslide susceptibility in the Izu-Oshima Volcanic
Island, Japan [ J] . The Science of the Total Environment,
2019, 662: 332 — 346.

MR&, ZEM, AN, S TR B A 2 ) 4 R i

WS RAETE [J] A0 055 TR, 2020, 3904
Tl 1): 2859 — 2870. [ CHEN Fei, CAI Chao, LI Xiaoshuang,
et al. Evaluation of landslide susceptibility based on information
quantity and neural network model [ J] . Chinese Journal of
Rock Mechanics and Engineering, 2020, 39(Sup 1): 2859 —
2870. (in Chinese) |

JAWES, BRI, R, L ETHEA A B R IEEE QN

FEAR) X R P 5 e mi [ 7] TR S H R, 2022,
54(3): 25 — 35. [ ZHOU Xiaoting, HUANG Faming, WU
Weicheng, et al. Regional landslide susceptibility prediction
based on negative sample selected by coupling information value
method [ J] . Advanced Engineering Sciences, 2022, 54(3):
25 — 35. (iin Chinese with English abstract) |

BROE T, 022, TR KB, AF L BE TR GE M AR RS SRR

PLE TS 5 B P [ 0] Bh2 R 5 TR, 2023, 23(2)
518 — 527. [ CHEN Xinyu, SHI Yun, WEN Yongxiao, et al.
Landslide susceptibility evaluation based on certainty factor and
support vector machines [ J] . Science Technology and
Engineering, 2023, 23(2): 518 — 527. (in Chinese with English
abstract) |

LIU Jiping, LIN Rongfu, XU Shenghua, et al. Landslide
susceptibility evaluation based on optimized support vector
machine [ J ] . Proceedings of the ICA, 2021, 4: 1 — 4.

JERA, W, VAR, AR T P B R - A R Y U
N KA 3w 8w e 5 e (1] E R E S

[ ¥4 2 ), 2021, 32(5): 137 = 150. [ ZHOU Tianlun, ZENG
Chao, FAN Chen, et al. Landslide susceptibility assessment
based on K-means cluster information model in Wenchuan and

two neighboring counties, China [ J | . The Chinese Journal of


https://doi.org/10.3390/rs14112707
https://doi.org/10.3390/rs14112707
https://doi.org/10.3390/rs14174245
https://doi.org/10.1007/s10346-013-0391-7
https://doi.org/10.1016/j.scitotenv.2019.01.221
https://doi.org/10.3969/j.issn.1671-1815.2023.02.012
https://doi.org/10.3969/j.issn.1671-1815.2023.02.012
https://doi.org/10.3969/j.issn.1671-1815.2023.02.012

2025 4E

3B, A AR B RO B R A5

Ao B BB B R ) - 139 -

[12]

[13]

[14]

[15]

[16]

Geological Hazard and Control, 2021, 32(5): 137 — 150. (in
Chinese with English abstract) ]

RB/IMVEE, TEACMR, KA, 45 JE T A RS 2 B AL Y B 3
B 5 R AEVEA RS L S BT —— LA DO 1 e ks B ) [ 0] b
I 3 S5 9 5 B IR 4R, 2022, 33(4): 114 - 124, [ XIONG
Xiaohui, WANG Changlin, BAI Yongjian, et al. Comparison of
landslide susceptibility assessment based on multiple hybrid
models at county level: A case study for Puge County, Sichuan
Province [ J] . The Chinese Journal of Geological Hazard and
Control, 2022, 33(4): 114 — 124. (in Chinese with English
abstract) |

NEUHAUSER B, DAMM B, TERHORST B. GIS-based
assessment of landslide susceptibility on the base of the Weights-
of-Evidence model [ J ] . Landslides, 2012, 9(4): 511 — 528.
4 2 [, b . K T CF-AHP 8 & B2 10 4G 1 3 2 B Y
221 3 M TR FE B e M VP A — — LA R A B
Wh——WEREB OB [T . [ 5T K F S B G A
2023, 34(6): 105 —115. [ CHEN Jianguo, ZHONG Lianxiang.
Assessment of rockfall susceptibility along the expressway based
on the CF-AHP coupling model: A case study of the Tucheng-
Wanglong section of the Rongzun expressway [ J| . The
Chinese Journal of Geological Hazard and Control, 2023,
34(6): 105 — 115. (in Chinese with English abstract) |
BERHANE G, KEBEDE M, ALFARAH N, et al. Landslide
susceptibility zonation mapping using GIS-based frequency ratio
model with multi-class spatial data-sets in the Adwa-Adigrat
Mountain chains, northern Ethiopia [ J] . Journal of African
Earth Sciences, 2020, 164: 103795.

JEIE, AR M, 5K SCTL, 45 BT 5 B R B M HL & 2 ) 7
BEE S RO —— A R A [T] .
B A} 2%, 2022, 42(9): 1665 — 1675. [ ZHOU Ping, DENG
Hui, ZHANG Wenjiang, et al.

Landslide susceptibility

[18]

evaluation based on information value model and machine
learning method: A case study of Lixian County, Sichuan
Province [ J] . Scientia Geographica Sinica, 2022, 42(9):
1665 — 1675. (iin Chinese with English abstract) |

V855, 2R, T, A5 T 25 25 3 3 4 i B TrAda-
Boost T # %7 2] i) 1 e 5 S tEEAN [ 1] . M BkA 7, 2023,
48(5): 1935 — 1947. [ FU Zhiyong, LI Dianqing, WANG
Shun, et al. Landslide susceptibility assessment based on
multitemporal landslide inventories and TrAdaBoost transfer
learning [ J ] . Earth Science, 2023, 48(5): 1935 — 1947. (in
Chinese with English abstract) ]

WANG Xiao, LI Shaoda, LIU Hanhu, et al. Landslide
susceptibility assessment in Wenchuan County after the 5¢ 12
magnitude earthquake [ J ] . Bulletin of Engineering Geology
and the Environment, 2021, 80(7) : 5369 — 5390.

PUM SR, BLCSE, BRAR, % . LT SOM-I-SVM #§ £ 44 B4 )
WS I [ ] K SCH BT AR M BT, 2023, 50(3)
125 — 137. [ JIA Yufei, WEI Wenhao, CHEN Wen, et al.
Landslide susceptibility assessment based on the SOM-I-SVM
model [ J] . Hydrogeology & Engineering Geology, 2023,
50(3): 125 — 137. (in Chinese with English abstract) |

Wk e %, B =, ZE b T 5 B A5 - SRR 1 B AL
Ve i o AR D3] . s 8, 2023(5) - 181 — 186.
[ YAO Wanlu, ZHAO Junsan, LI Kun. Assessment of debris
flow susceptibility based on information gain ratio-support vector
machine [ J ] . Urban Geotechnical Investigation & Surveying,
2023(5): 181 — 186. (in Chinese with English abstract) ]
HUANG Wubiao, DING Mingtao, LI Zhenhong, et al. An
efficient user-friendly integration tool for landslide susceptibility
mapping based on support vector machines: SVM-LSM

toolbox [ J] . Remote Sensing, 2022, 14( 14): 3408.


https://doi.org/10.1007/s10346-011-0305-5
https://doi.org/10.1016/j.jafrearsci.2020.103795
https://doi.org/10.1016/j.jafrearsci.2020.103795
https://doi.org/10.1007/s10064-021-02280-9
https://doi.org/10.1007/s10064-021-02280-9
https://doi.org/10.3969/j.issn.1672-8262.2023.05.040
https://doi.org/10.3969/j.issn.1672-8262.2023.05.040
https://doi.org/10.3390/rs14143408

	0 引言
	1 研究区域概况及数据源
	1.1 研究区概况
	1.2 数据源

	2 研究方法
	2.1 技术路线
	2.2 SVM模型
	2.3 基于数学模型预分区的SVM负样本的获取方法
	2.3.1 I模型
	2.3.2 WOE模型
	2.3.3 CF模型
	2.3.4 FR模型


	3 评价因子的选取及影响因子分级
	3.1 评价因子的选取
	3.2 因子间相关性分析
	3.3 因子重要性分析

	4 滑坡易发性评价
	4.1 样本集的构建
	4.2 SVM模型的构建
	4.3 模型精度评价

	5 结论
	参考文献

