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LANDSLIDE SUSCEPTIBILITY ASSESSMENT FOR ENSHI, HUBEI PROVINCE:
With GIS-based certainty factor and certainty factor-logistic regression coupling model

YU Xiao-man', JIAN Wen-xing', SHAO Shan®’, WANG Hao?, JIAN Zhi-hua', WU Kai-feng', ZHANG Feng’
1. China University of Geosciences, Wuhan 430074, China;
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Abstract: The geological conditions in Enshi Prefecture of Hubei Province are complex, with a high number of
geological disasters, especially landslides. Taking the prefecture as the research area, eight influencing factors are
selected, including surface slope, slope type, slope aspect, structure, road, water system, formation lithology and
vegetation coverage. Based on the statistical analysis of spatial data on ArcGIS platform, the regional landslide
susceptibility is evaluated by using the certainty factor (CF) and certainty factor-logistic regression (CF-LR) coupling
model. Then the accuracy of both models is verified by comparing the distribution of disaster sites in the validation set
in each zoning area and AUC values. The results show that the susceptibility zoning of the two models are generally
consistent, although the accuracy of the coupling model is slightly higher. Based on the calculated values of the
combined models, Enshi area is classified into low, medium, high and extra-high susceptible zones in terms of
landslide susceptibility level, which can provide support for the prevention and control of geological hazards in the area.
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Fig. 1 Distribution of geological disasters in Enshi area
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Table 1 Correlation matrix of susceptibility evaluation factors
R [SE Weim) g RSO MRS 2 W2 B KFR
2 1
W) 0.01313 1
b S 0.92533 0.02329 1
R R 0.01085 0.02547 0.02339 1
TR % 0.17952 0.00423 0.17875 0.03787 1
oz 0.02632 0.01724 0.02218 0.00610 0.01497 1
W2 0.00560 -0.00196 -0.00225 0.00408 0.00416 -0.05787 1
B 0.17085 -0.00548 0.15462 0.00536 0.13018 -0.01968 0.04191 1
KFR -0.04701 0.07083 -0.03119 0.02910 0.20345 0.09732 0.0.953 0.12175 1
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Fig. 2 Grading maps of susceptibility evaluation factors

a—3 J¥ (slope gradient); b—3¥% [ (slope aspect); c—3 %! (slope type): cl—1"1 % (convex slope), ¢2—["1% (concave slope), ¢3—F £k 1 Fl [
(straight and stepped slope); d—HE #7735 K (NDVI): d1—*H% = (extra-high), d2— (high), d3—"(medium), d4—fK(low), d5—H A (extra-low);
e—H1)Z A% (formation lithology ) ; f—Hi 4435 15 15 (distance from faults); ¢—HATE FHH 2 (distance from roads); h—I7K Z& I #5 (distance from streams )
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Table 2 CF values for susceptibility evaluation factors of different levels
WORE  peam on BB e | e s MRV BIRYOEA o
0~10 5540.77 2411461 346  -0.284964 <200 1130.32 2411461 109  0.253111
10~20 8734.40 2411461 862  0.115080 200~400  1858.81 24114.61 232  0.290977
20~30 6237.48 2411461 657  0.170872 400~800  2390.85 24114.61 245 0.116375
BeBEI(°) P X /m
30~40 2759.73 2411461 200  -0.170179 800~1200 266546 2411461 254  0.044571
40~50 716.21 2411461 40  -0.360499 1200~1 600 449.68 2411461 24 -0.320114
>50 126.02 24114.61 1 -0.909141 >1600 15619.49 2411461 1242 -0.092267
it 271420 2411461 240  0.012337 <100 203576  24114.61 337  0.556090
JeA 2518.64 2411461 192  -0.127117 100~200  1862.31 2411461 335 0501733
x 3183.82 2411461 266  -0.043347 200~400  940.35 24114.61 188  0.526812
KB X /m
ER 25901.82 2411461 179  -0.209194 400~600 54575 2411461 87  0.446493
e i3} 2879.75 2411461 271  0.071968 600~800 9050  24114.61 18  0.651735
L] 3726.70 2411461 354  0.080610 >800 18639.94 2411461 1141 -0.326288
[ii} 3052.96 2411461 282  0.054526 I 69.93 2411461 11 0.444838
B 3446.71 2411461 322  0.065182 -1 38541 2411461 29  -0.13843
B 9234 2411461 13 0.379641 -2 7754 2411461 7 0.032569
1% 197.26 2411461 42 0.589821 -3 329.75 2411461 35 0.177189
HplE R H 127549 2411461 258  0.568245 -4 106229 2411461 90 -0.029889
= 4836.33 2411461 845  0.500153 2 -5 4818.06 2411461 446  0.056558
W v 1771318 2411461 948  -0.387179 -6 1591.50 2411461 454  0.693853
<100 87359 2411461 185  0.587606 I 3538.93 2411461 380 0.186670
100~200  1319.42 2411461 309  0.627091 V-1 6411.62 2411461 340 -0.392798
200~400 253354 2411461 302  0.267347 V-2 5749.23 2411461 313 -0.376615
400~600 174653 2411461 165  0.075578 \ 80.33 2411461 1 -0.857466
B % vh X /m
600~800 976.43 2411461 111  0.231764 7 1055451 2411461 984 0.063255
800~1200 43159 2411461 27  -0.283672 || RHEHEA  ELZMIBIALA 3543.94 2411461 350 0.115706
1200~1 600 40240 2411461 13  -0.630077 %I 10016.01 24114.61 772 -0.117440
>1 600 15831.12 2411461 994  -0.281053
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Table 3 Results of logistic regression analysis
based on CF model
[ = 35 B SE wals df sig

ez 1.801 0.209 7.397 1 0.000
ot 2.379 0.300 6.293 1 0.000
HFK R 2231 0.120 3.476 1 0.000
E 1.122 0.084 1.788 1 0.001
M)A 2.398 0.131 3.348 1 0.000
MRERR 2145 0.105 4.180 1 0.003
R A 0.210 0.002 0.170 1 0.001
P 1.630 0.428 14511 1 0.000
W 1.071 0.059 3.387 1 0.000
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Table 4 Results of susceptibility zoning

Gy RS IX CF #! CF-LR #i%1
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G RIX 34.75 3257
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B3 PR 5 & M X E
Fig. 3 Susceptibility zoning maps based on two models
a— CF 1% (CF model); b— CF-LR #%(CF-LR model); 1—{&5) & X (low susceptible area); 2—H1 5 % [X (medium susceptible area); 3— 5 & X
(high susceptible area); 4—# {5 %) & [X (extra-high susceptible area); 5—8- % (county boundary); 6—WiZ4 (fault); 7— I % % 1 (landslides site)
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Table S Test results of landslide susceptibility
zoning in the study area

CF 57 CF-LR #71

PRI e e W T

Si% LBl G Si% LB Gi/% Ri
KH KX 3027 7.02 023 4035 6.45 0.16
S KX 3475 2144 062 3257 18.60 0.57
FHEIX 2484 3150 127 1362 3207 235
Wmsh&X 1015 40.04 395 1435 4288 299

6.2 ROC £ #7

ROC 248 70 B iE AFEAE J5 15 8 145 B
P 55 1L B A B ) Bl £ 190, AUC {E % ROC 1
L5 )y e bR R AR, 2R SRR
— AARE, HAE AT 0.5~1 2Z 8], BT 1, W] R
TR AR L T 670 000 4 AT o 0 s 20 RS £
ROC £k tn[&l 4. 7304 ROC fhgR 4 %, B CF fisd
) AUC {4 0.884, #- G HRU[1) AUC {E°A 0.905, Ui
R A THTIN (4) HERR 2 LU B — CF AU EE .
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Fig. 4 ROC curves of two models
1— CF #RI(CF model ) ; 2—#EA 57 ( coupling model )
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