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The Jiuzhaigou co-seismic landslide hazard assessment
based on weight of evidence method

YANG Huayang, XU Xiangning, YANG Hongfa

(405 Geological Brigade of Sichuan Bureau of Geology&Mineral Resources,Chengdu ,Sichuan 611830, China)

Abstract;On August 8, 2017, the Ms 7.0 earthquake struck Jiuzhaigou City, north of Sichuan Province,

which is another strong earthquake happened in the margin of the Bayan Har block after 2013 “4.20” Lushan

earthquake. 1880 landslides were triggered by the 2017 Jiuzhaigou earthquake. In this paper, eight factors

influencing landslide occurrence, including elevation, aspect, slope, distance from river, peak ground

acceleration (PGA) , distance from epicenter, lithology and the distance from faults are selected as landslide

hazard assessment factors. Based on Geographical Information System technology, two types of landslide

hazard mapping are derived using two “weight of evidence” methods. The success rate of Add “weight of

evidence” method is 88.29% ,and that of Subtract “weight of evidence” method is 87.31% , which are both

comparatively high precise data. The landslide hazard assessment maps are divided into five categories,

including extremely high, high, moderate, low, and extremely low, respectively, with the application of

Natural Breaks method. Tt is found that the extremely high and high risk zones range 300. 17 km® by means of

add “weight of evidence” method, which account for 33. 84% of the whole study area. 91.10% of the total
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landslides are distributed in these area. And that of Subtract “weight of evidence” method range 214. 35 km? |

which account for 24. 17% of the whole study area. 85.04% of the total landslides are distributed in these

area. The assessment results provide a basis for the prevention, mitigation of geo-hazards, and especially for

the recovery and reconstruction of Jiuzhaigou National Park.
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Fig.1 The study area and spatial distribution of co-seismic

landslides triggered by the 2017 Jiuzhaigou earthquake
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Tablel Computed weight-of-evidence classes of various data layers based on earthquake-induced landslides

R R Kot 2% it % s E/ % SR B Wb B % e W+ W - Wadd Wsubtract
R/ km
1 1.9~2.3 280 279 3.16 4072 5.03 1.59 0.47 -0.02 0.45 0.49
2 2.3~2.6 697 611 7.87 11 152 13.77 1.75 0.57 -0.07 0.50 0.63
3 2.6~2.9 1151926 12.99 23 995 29. 64 2.28 0.84 -0.21 0. 62 1.05
4 2.9~3.2 1535215 17.32 25 252 31.19 1. 80 0. 60 -0.19 0.41 0.78
5 3.2~3.5 1 858 464 20. 96 11 325 13.99 0.67 -0.41 0.09 -0.32 -0.49
6 3.5~3.8 1737 821 19. 60 3130 3.87 0.20 -1.63 0.18 -1.45 -1.81
7 3.8~4.1 1156 100 13. 04 1715 2.12 0.16 -1.83 0.12 -1.71 -1.94
8 4.1~4.5 448 734 5.06 324 0.40 0.08 -2.55 0. 05 -2.50 -2.59
YepgE/(°)
1 0° ~10° 336 189 3.79 640 0.79 0.21 1.33 0.03 -1.54 -1.61
2 10° ~20° 1 084 736 12.23 2 364 2.92 0.24 2.50 0.10 -1.34 -1.54
3 20° ~30° 2 354 847 26. 56 9 203 11.37 0.43 3.28 0.19 -0.66 -1.04
4 30° ~40° 3 351 472 37.80 26 757 33.05 0.87 3.63 0.07 -0.06 -0.21
5 40° ~50° 1435672 16. 19 29 738 36.73 2.27 2.78 -0.28 0.55 1. 11
6 50° ~60° 258 137 2.91 9 891 12.22 4.20 1.07 -0.10 1.36 1.57
7 60° ~70° 40 071 0.45 1970 2.43 5.38 -0.79 -0.02 1.70 1.74
8 >70° 5026 0. 06 402 0.50 8.76 -2.87 0. 00 2.24 2.25
With1/(°)
1 Rl 5188 0. 06 10 0.01 0.21 -1.56 0.00 -1.56 -1.56
2 it 1 091 995 12.32 7 249 8.95 0.73 -0.32 0. 04 -0.28 -0.36
3 R 1232 842 13.91 13 412 16. 56 1.19 0.18 -0.03 0.15 0.21
4 * 1209 525 13. 64 18 392 22.71 1. 66 0.52 -0.11 0.40 0.63
5 A& 1 056 532 11.92 16 851 20. 81 1.75 0.56 -0.11 0.46 0.67




53 4 L BT K FE S B AR © 23

gk
A NSRS IR ERA WS/ % WA B W A% B % LR W+ W - Wadd Wsubtract
6 53] 960 124 10. 83 6 567 8. 11 0.75 -0.29 0.03 -0.26 -0.32
7 i) 1 185 068 13.37 5 883 7.26 0.54 -0.61 0.07 -0.55 -0.68
8 it} 1162 667 13.11 6 416 7.92 0. 60 -0.51 0. 06 -0.45 -0.57
9 | aYiic] 962 209 10. 85 6 201 7. 66 0.71 -0.35 0. 04 -0.32 -0.39
R B57K 52 /km
1 0~0.5 2 015 370 22.71 32 212 39.73 1.75 0.57 -0.25 0.32 0. 82
2 0.5~1.0 1 627 576 18. 34 20 057 24.74 1.35 0.30 -0.08 0.22 0.38
3 1.0~1.5 1 329 671 14.99 13 049 16. 10 1.07 0.07 -0.01 0. 06 0.09
4 1.5~2.0 1 128 435 12.72 8 707 10. 75 0. 85 -0.17 0.02 -0.15 -0.19
5 2.0~2.5 880 945 9.93 2 860 3.54 0. 36 -1.04 0.07 -0.97 -1.11
6 2.5~3.0 620 764 7.00 1 703 2. 11 0.30 -1.21 0.05 -1.15 -1.26
7 3.0~3.5 428 976 4.83 1471 1.82 0.38 -0.98 0.03 -0.95 -1.01
8 3.5~4.0 276 231 3.11 531 0. 66 0.21 -1.55 0.03 -1.53 -1.58
9 >4.0 565 156 6.37 434 0.55 0.09 -2.47 0. 06 -2.41 -2.53
PGA/g
1 0.26 492 391 5.55 9 788 12.10 2.18 0.79 -0.07 0.72 0. 86
2 0.24 2 290 230 25.83 29 312 36.23 1.40 0. 34 -0.15 0.19 0.49
3 0.20 3108 578 35.06 29 975 37.05 1. 06 0. 06 -0.03 0.02 0.09
4 0.16 1 398 004 15.77 9 831 12.15 0.77 -0.26 0. 04 -0.22 -0.31
5 0.12 1 346 086 15.18 1 836 2.27 0.15 -1.91 0.14 -1.77 -2.05
6 0.08 230 736 2. 60 159 0.20 0.08 -2.59 0.02 -2.57 -2.62
S E/km
1 0~3 282 697 3.19 1398 1.72 0.54 -0.62 0.02 -0.60 -0.63
2 3~6 848 216 9.56 9 028 11.13 1. 16 0.15 -0.02 0.14 0.17
3 6~9 1413 656 15.93 25 206 31.08 1.95 0. 68 -0.20 0.48 0. 88
4 9~12 1 867 058 21.04 29 069 35.85 1.70 0.54 -0.21 0.33 0.75
5 12 ~15 1790 827 20. 18 11 694 14. 42 0.71 -0.34 0.07 -0.27 -0.41
6 15 ~18 1131 749 12.75 2 840 3.50 0.27 -1.30 0.10 -1.20 -1.40
7 18 ~21 607 980 6. 85 725 0. 89 0.13 -2.04 0. 06 -1.98 -2.11
8 21 ~24 502 215 5.66 814 1. 00 0.18 -1.74 0.05 -1.69 -1.79
9 >24 428 726 4.83 322 0. 40 0.08 -2.51 0. 05 -2.46 -2.55
1 T 3 706 208 41.77 15 522 19. 15 0. 46 -0.79 0.33 -0.45 -1.12
2 P 1 427 207 16. 08 4 658 5.75 0. 36 -1.04 0.12 -0.92 -1.15
3 C 3115490 35.11 58 851 72. 60 2.07 0.74 -0.87 -0.13 1.60
4 D 624 219 7.03 2 034 2.51 0. 36 -1.04 0. 05 -0.99 -1.08
SR W2 B/ km
1 0~2 1336 750 15.07 49 060 60. 50 4.02 1.42 -0.77 0. 65 2.19
2 2 ~4 1457 382 16.42 11 375 14.03 0. 85 -0.16 0.03 -0.13 -0.19
3 4~6 1 576 003 17.76 3782 4. 66 0.26 -1.34 0.15 -1.19 -1.49
4 6~8 1 648 839 18.58 4518 5.57 0.30 -1.21 0.15 -1.06 -1.36
5 8 ~10 1 449 648 16. 34 5 305 6.54 0. 40 -0.92 0.11 -0.81 -1.03
6 10 ~12 831 681 9.37 4 347 5.36 0.57 -0.56 0.04 -0.52 -0.61
7 12 ~ 14 388 684 4.38 2147 2. 65 0. 60 -0.51 0.02 -0.49 -0.53
8 > 14 184 137 2.08 554 0. 68 0.33 -1.12 0.01 -1.10 -1.13
5 54 TR T 24 B/ km
1 0~2 1797 006 20.25 8 560 10. 55 0.52 -0.66 0.12 -0.54 -0.77
2 2 ~4 1373 134 15. 48 7 094 8.75 0.57 -0.57 0.08 -0.50 -0.65
3 4~6 979 620 11.04 3810 4.70 0.43 -0.86 0.07 -0.79 -0.93
4 6~8 836 888 9.43 20 083 24.76 2.63 0.98 -0.19 0.79 1.17
5 8 ~10 817 936 9.22 25 662 31. 64 3.43 1.26 -0.29 0.97 1. 54
6 10 ~12 770 881 8. 69 10 732 13.23 1.52 0.43 -0.05 0.37 0.48
7 12 ~ 14 702 153 7.91 2929 3.61 0. 46 -0.79 0. 05 -0.74 -0.84
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R0 R B o3 A% %2 WS/ % WA B W A% B % B W+ w- Wadd Wsubtract
8 14 ~ 16 626 958 7.07 728 0.90 0.13 -2.07 0. 06 -2.01 -2.14
9 16 ~18 561 183 6.32 1331 1. 64 0.26 -1.36 0. 05 -1.31 -1.41
10 >18 407 365 4.59 175 0.22 0. 05 -3.07 0. 05 -3.02 -3.11
SR YT W 2B B/ km
1 0~3 1563 230 17.62 5 390 6. 65 0.38 -0.98 0.13 -0.85 -1.11
2 3~6 1 457 453 16.43 21737 26. 80 1.63 0.50 -0.13 0. 36 0.63
3 6~9 1 169 500 13.18 7573 9.34 0.71 -0.35 0. 04 -0.30 -0.39
4 9~12 989 478 11.15 2 425 2.99 0.27 -1.32 0.09 -1.23 -1.41
5 12 ~ 15 964 671 10. 87 5 105 6. 30 0.58 -0.55 0. 05 -0.50 -0.60
6 15 ~18 904 944 10.20 24 475 30. 18 2.96 1. 10 -0.25 0. 85 1. 36
7 18 ~21 768 554 8. 66 12 482 15.39 1.78 0.58 -0.08 0.50 0. 66
8 21 ~24 604 551 6.81 1537 1.90 0.28 -1.29 0.05 -1.23 -1.34
9 >24 450 743 5.08 372 0. 46 0.09 -2.41 0. 05 -2.37 -2.46
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