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Table 1 The classes and 1V of factors

HF KT Iy R I o5 L% REHH TE /% v

50~150 1 801 053 11.324 15 5.976 —0.639
150~250 3231 404 20318 60 23.904 0.163
250~350 4206 902 26.451 97 38.645 0.379
i A/m 350~450 3916 670 24.627 61 24303 -0.013
450~550 1995 484 12.547 14 5.578 -0.811
550~650 649 804 4.086 4 1.594 —0.941

650~896 102919 0.647 0 0 0
0~10 4306 296 27.076 2 0.797 -3.526
10~20 4354216 27.378 8 3.187 -2.151
20~30 3 869 997 24333 24 9.562 -0.934
W 30~40 2037339 12.81 46 18.327 0.358
40~50 965 326 6.070 130 51.793 2.144
50~60 311711 1.960 36 14.343 1.990
60~80 59351 0.373 5 1.992 1.675

V- 206 476 1.298 0 0 0
it 2015082 12.67 26 10.359 -0.201
Ak 1863 358 11.716 26 10.359 -0.123
R 1 820 559 11.447 37 14.741 0.253
B ARE 2250 940 14.153 30 11.952 —0.169
[i] 2189 502 13.767 46 18.327 0.286
(i) 2002 428 12.591 36 14.343 0.130
[i} 1 644 770 10.342 19 7.570 -0.312
(s[4 1911121 12.016 31 12.351 0.027
—60.21~—0.05 6 661 594 41.886 131 52.191 0.220
HIES —0.05~0.05 3046 564 19.156 52 20.717 0.078
0.05~62.72 6196 078 38.959 68 27.092 -0.363
wHli 58 356 0.367 1 0.398 0.082
. féﬂii.i. 5033 581 31.649 63 25.100 -0.232
F4liii 3273 833 20.585 34 13.546 -0.418
HHfiv 7 538 466 47.399 153 60.956 0.252
0~500 3722914 23.408 66 57.769 0.903
500~1 000 2 845 856 17.894 38 23.506 0.273
1 000~1 500 2159 709 13.579 29 14.343 0.055

T2 P B /m
1 500~2 000 1688 184 10.615 24 4382 -0.885
2 000~2 500 1344 082 8.451 21 8.367 -0.010
>2500 4143 491 26.053 73 29.084 0.110
0~1 7508 534 47211 145 57.769 0.202
1~3 4051 848 25.477 59 23.506 -0.081
+ )2 /m

3~5 3 647 726 22.936 36 14.343 —0.469

>5 696 128 4377 11 4.382 0.001
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Fig. 5 Zoning of hillslope geo-hazard susceptibility
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Table 3  Statistics of geo-hazard susceptibility zoning in the study area
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Hillslope geo-hazard susceptibility assessment in Pingguo City based on coupling of
CF information value and MLPC classifier model

WANG Xinwei'”, ZHANG Lili’, MO Deke', YE Zongda’, JIANG Fan’
(1. China Nonferrous Metals (Guilin) Geology and Mining Co., Ltd., Guilin, Guangxi 541000, China; 2. Technical Innovation Center for Restoration
Engineering of Mine Geological Environment in Karst Areas of South China, Ministry of Natural Resources, Nanning, Guangxi 530028, China;
3. Guilin Survey Institute of Hydrogeological Engineering Co., Ltd., Guilin, Guangxi 541000, China;
4. No. 274 Geological Team of Guangxi, Beihai, Guangxi 536005, China )

Abstract  Frequent geological hazards in Pingguo City, Guangxi Province, seriously restrict the engineering
construction in this area. Through the remote sensing interpretation and field investigation, 251 hillslope geological
hazards, including 189 collapses and 62 landslides in Pingguo City are determined. All hazard points are randomly
split into two subsets with 80% (200) and 20% (51) respectively for training and validation purposes. In addition, an
equal number of non-hazard points were randomly selected from the hazard-free areas and then divided into a training
dataset and a validation dataset. The hazard point is denoted as 1 and the non-hazard point is denoted as 0. Then, based
on the geological environment conditions of Pingguo City, nine factors including elevation, slope angle, slope aspect,
curvature, engineering geology groups, distance from faults, soil thickness, distance from rivers and rainfall are
selected as hazard evaluation factors. Elevation, slope angle, slope aspect and curvature are topographic factors, which
are produced from Advanced Land Observing Satellite (ALOS) digital surface model (DSM) with a resolution of
12.5 m. Distance from rivers is one of hydrological variables, also produced from the ALOS DSM. Engineering
geology groups and distance from faults are geological factors, which are produced from a geological map at a scale of
1:200,000 provided by the China Geological Survey. Soil thickness is one of the factors related to land use, which is
derived from domestic high resolutions remote sensing data such as Gaofen No.2 and Beijing No.2. Rainfall is an
environmental factor, which is collected from the China Meteorological Administration. All relevant factors are
converted into raster format with a 12.5-m resolution of ArcGIS software. Among these nine factors, engineering
geology group is a categorical factor, whereas the other factors are continuous factors. In this study, continuous factors
are reclassified into categorical factors based on natural breaks or equal interval methods. The tolerance (TOL) and
variance inflation factor (VIF) are used to detect multicollinearity of all the factors. Generally, a VIF of less than 10 or
a TOL of more than 0.1 indicates that all the factors are independent. Then, combined with the advantages of
information value (IV) and multi-layer perceptron classifier (MLPC), the coupling model of IV and MLPC is used to
evaluate the susceptibility of hillslope geo-hazard in Pingguo City, and the results are classified into five classes: very
low, low, moderate, high, and very high. Finally, the receiver operating characteristic curve (ROC) and the area under
the ROC curve are applied to carry out accuracy verification of the model.

The main conclusions include: (i) Rainfall has the highest VIF value (1.163) and the lowest TOL value (0.86),
both of which do not exceed the critical threshold values (TOL>0.1 or VIF<10). Thus, there are no severe collinearity
problems among the 9 conditioning factors. (i) The information values of the factor classes show that certain classes
are conducive to the occurrence of hazards. The factor classes mostly prone to the occurrence of hazards are the
elevation with 250-350 m, slope angle with 40°-50°, south slope, curvature less than -0.05, limestone and dolomite, 0-
500 m from the faults, soil thickness with 0-1m, the area 0-250 m from the rivers and rainfall with 1,373-1,428 mm.
(iii) The zoning map of hillslope geo-hazard susceptibility in Pingguo City shows that the areas with very high, high,
moderate, low and very low susceptibility respectively account for 25.39%, 3.49%, 4.34%, 30.54% and 36.24% of the
total area of the city. The areas with very high susceptibility are mainly distributed in the junction of steep mountains

and plains, such as Liming town, Tonglao town and Bangwei town in the north of the study area, Haicheng town,
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Tonglao town and Pozao town in the middle and Xin'an town in the south. The hillslope geo-hazards in these five
susceptible areas cover proportions of 64.54%, 8.37%, 1.59%, 21.91%, and 3.59%, respectively, which indicates that
the evaluation results of hazard susceptibility are highly consistent with the distribution of historical collapse and
landslides, and the mapping results of hazard susceptibility are reliable and accurate. (iv) The frequency ratio of each
susceptibility zone can be obtained by calculating the ratio of hazard point proportion and area proportion of each
susceptibility class. The frequency ratio increases from the very low susceptibility area to the very high susceptibility
area, which indicates that the coupling model can effectively determine the different susceptibility levels in the study
area. (v) The performance of the model is comprehensively compared through the AUC and ROC curves with
validation datasets. The AUC value for the IV-MLPC model is 0.809, showing that the model exhibits a satisfactory
performance (AUC>0.8) in collapse and landslide spatial prediction. The research results can provide a scientific basis

for the risk assessment and disaster prevention of collapse and landslide in the study area.

Key words Pingguo City, hillslope geo-hazard, information value, multi-layer perceptron classifier, susceptibility

zoning
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desertification. Therefore, in the process of rocky desertification control, it is necessary to make scientific use of karst
water resources and heighten the awareness of karst environment protection, especially the scientific use and
management of water resources in summer rainstorm and summer drought. In addition, it is necessary to boost regional

carbon sink capacity by restoring natural dominant vegetation in rocky desertification control areas.

Key words karst spring, flow attenuation, carbon flux, karst rocky desertification, Youyang county in Chongqing
City

(i W KAL)



	0 引　言
	1 研究方法
	1.1 信息量
	1.2 多层感知机分类器

	2 研究区概况及数据源
	2.1 研究区概况
	2.2 数据来源

	3 灾害的空间分布特征及灾害影响因子的选取
	3.1 灾害的空间分布特征
	3.2 评价因子的共线性诊断

	4 地质灾害易发性评价结果
	4.1 斜坡类地质灾害易发性分区
	4.2 模型精度评估

	5 结　论
	参考文献

