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Abstract: Through field survey and data collection, 18 influencing factors involving landform, geology, hydrometeorology,
human activities, rock-soil mass properties and vegetation coverage are selected to evaluate the landslide vulnerability

in Jiyuan City of Henan Province on the basis of information-convolutional neural network (CNN) coupling model, with
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GIS spatial analysis to quantify the spatial distribution characteristics of landslide. The results show that the landslide
disasters are distributed aggregately in the area, with multiple high value centers of kernel density. The areas with very
low, low, medium, high and very high landslide susceptibility account for 45.04% , 34.58% , 8.67% , 9.12% and
2.57%, respectively. The very high and high susceptible areas are characterized by developed faults, fragile geological
environment and hydraulic erosion. The highest landslide density is 0.804 per km?, occurring in medium susceptible
area. The ROC curve and AUC value indicate that the evaluation results have good accuracy, and the prediction ability
of the coupling model is reliable. The top 5 influencing factors of landslide susceptibility analysis are distance from
roads, distance from faults, slope aspect, terrain roughness, as well as erosion degree and type. This study may provide
scientific basis for the prediction and prevention of landslide geological disasters in cities and towns on the Loess
Plateau.

Key words: landslide; susceptibility evaluation; information method; convolutional neural network (CNN); geological

disaster; loess plateau
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Fig. 1 Landform and landslide distribution in the study area
1—¥8 3 9% % 4 (landslide disaster site); 2—32 % ] 3 (main river);
3—Wi/Z (fault)
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Table 1 Impact factor data sources of landslide susceptibility
Al AU IS R R Hidlg e S3HEAIm
R LT 30
Yo L 30
Wem L 30
HES LY 30
I A 3£T SAGA 7.0 # {11 ASTER 30 m-DEM T4 IR HL
HOIEALRE R L 30
HIEALIRE L 30
R L 30
HIBALEARE(TPI) L 30
R R o B M S AR L 500
HER 5 WAL= 5 B [ NASA DACC LA 1000
[EatiE S Ak A RN [ A7 AL bR v SL190—96¢ 3B /324 43 AT 1) /e 1000
HE TV R PE 1:400 J7 F EAAREEE HEEEAY 500
REKRXL HIBRREFEE(TWI) JLT SAGA 7.0 {1 ASTER 30 m-DEM 4 A1 LY 30
Rk SRR M LR 1000
R Bk i Predictive Soil Mapping with R LT 1000
I e rhE 1:400 77 F AL ERAR LY 500
A3
NEL % [E NASA SEDAC JEZEAY 1000
ek JH—ALA R £ (NDVI) Landsat-8 iz B 15 sl 1000

Ee2 S0 RN B b ] S i e &2 i = 9 R N S Y
AR SRR PG T I A AR 3R A KR

Ni/N
S/ (4)

A, VY, X)X, 520 K FAEXT i3 R Y st
NS SR s N FORIA K G N, RoR
X, 52 A — G o 3R AT R 5 S R
WS BROCHY BET R S, FOR X, e — 1w, X
7 (RIS BOGTRT R, 24 TV (Y, X,)>0 B, FoR eIk &
KA BIMER R 2 VY, X,)<0 B, ik k4
WERA; 2 IV(Y, X,)=0 I, TR R A TSR 2
24 HRWEREEE

L PR 28 I 2% 2 — BT A2 S 3 ) e

IV(Y,X)=In

STIRIZM BT, Ga B R E AR e
PEATIRAFNERRE 226 , 2R M 282 T 2 5 B R=
MWALZ A ER)Z 3 R SRR IR IR 4%
OERAY, TR AR A 1 A A e S R AR
SRR RE EEE R T RB T R

Ci= 2 fwpxxxb;)

Krh, G FRGRZ MW RE; £ RORAEL A BOE
PRE; w0, WAL 5w AR R A B ; b .
BAZ R AR I SR S B R S0s NS U
it e R LA AR
25 MARESAERE

AT 5 K PEPEA A AR R T AR R

j:1’2’“.’k (5)


http://www.fineprint.cn

840 oo B

2024 4

SRR S R 28 A5 ASR  FEA AP BRI« 1)F]
FH GIS 25 [0 43 B il SAGA FAFARAT 18 Filt Al 1y S
Bt s 2) 2R LA A e An i 8 AN e SR 2R M1
S R, A AREARL; 3) I HIE B A4S B O
VTV 7 B AR Ay K25 5, TS & X AR 2 & X
TEE N ST FR AR I I A, T S B A ) A
TREE 1115 4) PR YRR AR B A A B4 R b 22 o 2%
BRI GRREA TR A LU Ry 71235 SRS
SRR PEAf 25 5O B 4 B B B ROC i Z6 A1 AUC $UfH
(ROC MR MEFR A2 TAERRIEM £, AUC {E A i
LR AR, I T 0.9 Ik BB i B, T
MIRETT38 )5 6) ToeJ XA st PRl 1~ A 7 fs 3 HE P
I3HT.

3 #R
3.1 ZFEDHEFE

I AR HE B0 s (OB I X B A T3 2
), A5 20 Y A S LI B 5 o 407 m; LATE IR
AHCR 404, HFFTIXTE RN 1931 km?, W5 4B AT 48 £
9 0.354, FE R G IE T I Ik 2 (0] 0 A R AiE 322 2 R R
ERESC. R 2 PR, WFSY XA B A 45 S o 7
PGS AT A0 B - o A L SR A7 AE 22 A% 55 P )
EHG, R RERHES A0 R BRI & IX
SR T ML O B A W s X S, AT
LT B W 3 A
32 SARMESR

] 3 S ) AR 2~ R R 8 I 45 B TR A5 3] 1)
VR T 5 R PEPEM 4S9, SR GIS 23 a0 i 1 4%
(1) DB 30k W T 0 X e R 5 ) R Mk R B 4 S K 5
X AR S K X R B K DX o K DX R Kk X 2]
W 5 DXV M W 5 5 DX g g DX 3 o R T ALY
11.69% , 24045 F A0 11 b A PES 1 25 4 e bR
. DA b XA A A 4% . MU AR 25 7 4R
K FHMURERERE W72 2RV 1) & B R 2E Ll 1l 37
ANFEFEREE K TR SRR AE (] 3,36 2). bAh e 5
R DX R S % DX PR A 2 i BE AR A XL 2 DR R
BN, FEEBRMEKAVE T 4017 AR 2 1 E .
WFZE DX A0 A R T AR S 5, 32, L4 ) 2
TR IR R , N OB RS A TR AS.
w3 2 PR WFR XARAR 5 & DX TR R, 249 o S TR

[ 45.04% , Y& B LN 0.143 Nkm?; W 5 KX )
WYk B i, M 0.804 4/km?,

K2 WX SR AT
Fig. 2 Landslide distribution and kernel density estimation

in the study area
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Fig. 3 Landslide susceptibility zoning map of the loess plateau
1—#% A% % % X (very low susceptible area); 2—{% % %& X (low
susceptible area); 3—H1 5 % X (medium susceptible area); 4— 5 %
[X (high susceptible area); 5—#% %) & X (very high susceptible area);
6— W9 45 (landslide disaster site)
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Table 2 Landslide susceptibility zonation based on

information-CNN coupling model
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Fig. 4 Classification maps of landslide susceptibility assessment factors
a—1 2 (elevation): al— 0~200 m, a2— 200~400 m, a3— 400~600 m, a4— 600~800 m, a5—800~1000 m, a6—=1000 m; b—¥% J& (slope
gradient): bl— 0~15°, b2— 15~30°, b3— 30~45°, bd4— =45°; i1 (slope aspect): c1— N, ¢2— NE, ¢3— E, c¢4— SE, ¢5— S, c¢6— SW,
¢7— W, ¢8— NW; d—ili# (curvature): d1— <-1, d2— -1~0, d3— 0~1, d4— =1: e—HJEHIBEE (terrain roughness): el— 1.0~1.05, e2—
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1.05~1.1, e3— 1.1~1.15, e4— =1.15; f—FEIRIE (relief amplitude of ground): fI— 0~50 m, £2— 50~100 m, f3— 100~150 m, f4— =150 m;
o F I (ground incision): gl— 0~20 m, g2— 20~40 m, g3— 40~60 m, gd— 60~80 m, g5— =80 m; h—HIE(7 EFE 4L (TP): h1— <-1,
h2— -1~-0.5, h3— -0.5~ +0.5, h4— 0.5~1, h5— =1; i—HUEMESEE (TWD: il1— 0~5, i2— 5~10, i3— 10~15, i4— 15~20; j—fE 15k &
(erosion intensity): ]1—7J(jﬂ§”fﬁ1fﬁf§‘ (slight hydraulic erosion ), ]2—7J(jﬂ 2R (mild hydraulic erosion), J3—7J(jﬂ A (moderate hydraulic
erosion ), j4—7K S {2 5E & (strong hydraulic erosion), j5—XUJI 2 (slight wind erosion), j6—X 12142 & (mild wind erosion); k—XU{LZE
J& (weathering depth): kI— 0~10 m, k2— 10~20 m, k3— 20~30 m, kd— 30~40 m, k5— 40~50 m; I—JH—{bHBAEEL(NDVI) : 11— 0.2~0.4, 12—
0.4~0.6, 13— 0.6~0.8; m—IEW)ZIE % (distance from faults): m1— 0~0.5 km, m2— 0.5~1.0 km, m3— 1.0~1.5 km, m4— 1.5~2.0 km, m5— 2.5~3.0
km, m6— 3.0~3.5 km, m7— =3.5 km; n—FE{] 7 HE 2 (distance from rivers): nl— 0~0.2 km, n2— 0.2~0.5 km, n3— 0.5~1.0 km, nd— 1.0~1.5 km,
n5— 1.5~2.0 km, n6— 2.0~2.5 km, n6— =2.5 km; o—JEIEIEIEZ (distance from roads): ol— 0~0.2 km, 02— 0.2~0.5 km, 03— 0.5~1.0 km, 04—
1.0~1.5 km, 05— 1.5~2.0 km, 06— 2.0~2.5 km, 07— =2.5 km; p—F%ﬂ(ﬁ (precipitation): pl— =320 mm, p2— 320~330 m, p3— 0.5~1.0 km,
p4— 1.0~1.5 km, p5— 1.5~2.0 km, p6— 2.0~2.5 km, p7— =2.5 km; q— A H%E (A/km?)(population density): ql— 0~200, q2— 200~400, q3—
=400; ﬁ%ﬁ*ﬁﬁ%(clay content): rl— 0~10%; 12— 10%~20%, r3—20%~30%, r4— 30%~40%
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Table 3 Collinearity analysis of landslide susceptibility influencing factors

RN R J7 22Nk R A (TOL) ZRHE (VIF) AR T E MK R E(TOL) B (VIF)
e 0.112 8.896 [EqE 0.249 4,015
53} 3 0.126 8.176 KALRIRSE 0.284 3523
1] 0.463 2.160. NDVI 0.265 3.778
= 0.404 2474 R T2 B 2 0.150 6.665

Hh IR B 0.837 5.785 iR B 0.186 5.379
HhF AR B 0.479 2.653 PR T A 0.830 1.885
P B 0.229 4234 KoK & 0.158 6.342
TPI 0.172 5.829 UNEE: ;S 0.214 4,681
T™WI 0.331 3.025 RkL 0.460 2174

B I FE

P AUC=0.505
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K6 5S-G MAEEHI ROC & AUC fH
Fig. 6 ROC curve and AUC value based on

information-CNN coupling model
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