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Fig. 1 Geographical location (a, b) of Zhidan County,Yan'an City and distribution of disaster sites in townships (c)
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RF & () AUC 1A 0.87 KT IVM #E Bl f) 0.66, F
] IVM-RF #RY ARG B2 T vy . 00 B ) S 47, RS
AP AT R AR S . IR a R T
Hr & LL IVM-RF FE A AR 5) T 03 IX 45 5 Sk Sl
AT

4 HRRF R

4.1 BEEREFLZEZSIHTERE

I SR VAN & A 2 RPN Sl S
TS T R 58 [ R LA R G e R R b 7 405 e R AR
it 16 G b o b 6] b 72 2 2 850X R 81 ) (GB18306-
2015)", JE T B i 5% sh A sk B PGA=0.05 g, IZ
REERAE N 0.35 s, I, fERPEPEM IS A % &
HhRE R, R RN T 22 a A9 H FoKRE
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Table 2 Classification and IV values of evaluation factors
HF i TE AU SRR B A SR T A /m? FEAHE

[1058, 1289) 16 608485 380302991 1.284253630
[1289, 1377) 7 1317352 823345276 -0.314832308
Fm (1377, 1457) 8 1630754 1019220989 -0.394719147
(1457, 1540) 12 1552184 970115147 0.060125067
(1540, 1726] 1 935256 584534972 -1.918183422
[0, 9 7 953159 595724375 0.008 765236
[9, 15) 1242953 776845625 -0.816314099
[15, 21) 10 1303633 814770625 0.052311650
W) [21, 27) 8 1086974 679358750 0.010925392
[27, 33) 7 767382 479613750 0.225562246
[33, 40) 7 474786 296741250 0705682791
[40, 68] 1 215144 134465000 -0.448670753
N[0, 22.5), [337.5, 360] 6 665049 415655625 0214535566
EN[22.5, 67.5) 1 748633 467895625 -1.695612058
E[67.5, 112.5) 3 944041 590025625 -0.828920490
ES[112.5, 157.5) 8 667542 417213750 0.498476051
Hrwl/(%) S[157.5, 202.5) 9 664204 415127500 0.621272065
WS[202.5, 247.5) 6 673845 421153125 0.201396 174
W[247.5, 292.5) 7 954627 596641875 0.007226279
WN[292.5, 337.5) 4 723506 452191250 -0.275177659

FIH(-1) 0 2584 1615000 0
[-29.44, -2.72) 7 755668 472292335 0.240945191
e [-2.72, 0) 19 2350223 1468889970 0.104809896
‘ [0, 2.72) 14 2187230 1367018525 -0.128696 869
[2.72, 28.32] 4 750910 469318545 -0.312354189
#t 14 4131521 2582200634 -0.764706755

AR TR 0 205738 128586332 0

IR gkt 0 1074 670650 0
BRI 29 1644572 1027857804 0884696905
YR IR v i o 2 1 61126 38203954 0.809694 166
[0, 100) 25 1192609 745380334 1.057614410
(100, 200) 5 1010958 631848502 —0.386578551
A7 B 5 /m [200, 300) 4 875906 547441357 -0.466327796

[300, 400] 0 751641 469775319 0
>400 10 2212917 1383073863 -0.476 845456
[0, 100) 16 663742 414839058 1197331278
[100, 200) 8 641810 401131058 0.537786529
3 2 /m [200, 300) 5 626302 391438738 0.092242079
[300, 400] 3 609756 381097518 —0.391809817
>400 12 3502421 2189013003 -0.753 666199
[0.21, 0.65) 5 126663 79164373 1.690544739
[0.65, 0.75) 10 790323 493951624 0552780697
NDVI [0.75, 0.81) 8 1503227 939516840 -0.313291013
[0.81, 0.87) 17 2009315 1255822463 0.150300547
[0.87, 1.00] 4 1614503 1009064074 -1.077850971
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Fig. 9 Landslide susceptibility zoning of IVM model (a) and IVM-RF coupled model (b)

%3 IVMREF IVM-RF SBEEENRERS R S X5t
Table 3 Statistics of landslide susceptibility zoning for [IVM model and IVM-RF coupled model

PR GRS G mAHA P 2T H% T BVkm® TR H/% G S km )
W5 KX 6 13.64 1004.2651 26.56 0.0060
5 kX 2 4.55 10752974 28.44 0.0019
IVMEERY oKX 25 56.82 1552.7663 41.07 0.0161
AKX 5 11.36 130.1442 3.44 0.0384
MR KX 6 13.64 18.5271 0.49 0.3239
W5 K IX 1 2.27 1830.3821 48.41 0.0005
5 kX 5 11.36 1237.8994 32.74 0.0040
IVM-REFEG AR oKX 10 2.73 403.1599 10.66 0.0248
AoEX 12 2727 2612671 6.91 0.0459
W5 KX 16 36.36 482915 1.28 0.3313

H M
H MR

o7 —— IVM(AUC=0.66) o —— IVM-RF(4UC=0.87)
4 ’
0 0.2 04 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0
I8 PR 5% [ELER

K10 TVM A% (a) Il IVM-RF #EE R (b) i) ROC fHZKIE (4UC J ROC 2k F fif
Fig. 10 ROC curves of IVM model (a) and IVM-RF coupled model (b)
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Fig. 12 Annual maximum monthly rainfall (2001-2022) in the study area
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Table 4 Monthly maximum rainfall at different probabilities in Zhidan County, Yan'an City

PR T LA [ECES Ol JBCRIERER= 7 (1+¢C,)/mm
10 a—it% 10% 133 196.822548 5

20 a—if 5% 1.82 2155319084

50 a—1f 2% 2.40 237.6776815

100 a—1# 1% 2.81 2533324520
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Table 5 Hazard level classification
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Fig. 13 Hazard zoning map under four rainfall conditions
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Table 6 Hazard zoning statistics under different rainfall

conditions A km?
FERTH WIRERX REKRK HERK SERX HEaRX
10 a—i 1429.47 1219.17 801.90 300.67 29.80
20a—i8 122397 133022 85005  326.10 50.65
50a—i 106858  1369.08 8811  376.57 85.66
100 a—if 896.72 132748 94421 47543 137.50
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Collapse and landslide risk assessment based on machine learning improved
IVM-REF coupling method: A case study of Zhidan County,Yan'an City

QU Pengxin®’ , XIE Wanli** , LIU Qiqi®*, WANG Yuchen*"

a. Department of Geology; b. State Key Laboratory of Continental Evolution and Early Life, Northwest University, Xi'an
710069, China

First author, E-mail: 1279806472@qq.com
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Abstract: [Objective] To provide data support for disaster prevention, mitigation and risk management in Zhidan
County, while providing reference for risk assessment in similar regions and addressing the research gap in collapse
and landslide risk assessment that neglects cumulative rainfall impacts, this study conducted risk assessment under
four different rainfall conditions: 10, 20, 50 and 100 years recurrence intervals. [Methods] Using Zhidan County as
the study area with grid unit as evaluation element, we selected eight evaluation factors through Pearson correlation
coefficient method: elevation, slope, aspect, curvature, rock/soil type, distance to river, distance to roads, and
normalized vegetation index. The information model (IVM) was employed to evaluate the susceptibility and analyze
the correlations between causative factors and disaster distribution. Through programming implementation, the
analysis, transformation, management and drawing of the previous factor data are automatically processed, the [VM-
RF (random forest) coupled model is improved, and the automatic cycle iteration comparison selection of the model
is realized. The accuracy of the two susceptibility models is compared by ROC curve. Based on the evaluation
results of the coupled model, the risk assessment was carried out. The Pearson type Ill curve was used to estimate
the rainfall in the study area under four different conditions of 10, 20, 50 and 100 years, and the risk zoning was
carried out. [Results] For the results of susceptibility zoning, the AUC value of the evaluation results of the
information-random forest coupling model is 0.87, which is better than the evaluation results of IVM. For the results
of risk zoning, the area of high and extremely high-risk areas have gradually increased from 10 to 100 years. The
improved coupled model evaluation method not only simplifies the operation but also improves the accuracy.
[Conclusion] According to the survey results, the coupled model does have better evaluation accuracy and
prediction ability.

Key words: collapse; landslide; information value method; random forest model; risk assessment; machine

learning; Zhidan County, Yan'an City
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