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Abstract: Landslide disasters which occur frequently in the Loess Plateau, seriously endanger the safety of
people's lives and property, and affect the construction of major projects. Accurate landslide susceptibility as-
sessment is useful for efficiently and quickly landslide risk prediction, and can provide scientific backing for dis-
aster prevention and reduction by identifying "where landslides are prone". Taking Wuqi County on the Loess
Plateau as an example, we use the optimized MaxEnt model and 505 landslide points to evaluate the landslide
susceptibility. Elevation, aspect, slope, terrain roughness, lithology, river buffer, rainfall, NDWI (surface humid-
ity), road buffer, and InSAR surface deformation data, which was introduced as dynamic evaluation factors,
were selected as influencing factors. The results show: In the MaxEnt model based on Enmeval packet adjust-
ment, when 90% landslide points were randomly selected as the training set and 10% landslide points as the ver-
ification set, the model accuracy was the highest (AUC value was 0.855), and the simulation effect was accurate
and reliable. InSAR surface deformation rate was introduced as a dynamic evaluation factor, and the model ac-
curacy and evaluation results were both improved. In the study area, the area of high and relatively high suscep-
tibility areas accounted for 10.27% and 6.33% of the total area respectively, and the landslide points in the high
and relatively high prone areas accounted for 73.27% of the total landslide points, of which the high prone areas
accounted for 48.11%. The evaluation results of landslide susceptibility were consistent with the distribution of
landslide points, which proves that the evaluation works well. Elevation, slope and surface roughness contribute
significantly to the simulation results, and are important factors affecting the landslide susceptibility.

Keywords: loess landform region; optimized MaxEnt model; loess landslide; evaluation; Wugqi county
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Fig. 1 Geographical location and landslide distribution map of the study area
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Tab. 1 The importance distribution table of evaluation factors

based on knife-cutting method

WA T DR (%)
i35 38.4
ik 18.6
g 18.1

I 28 X 9.4
W 6.6

TR IX 2.6
NDWI 2.3

b MBS 1.6

Hh F I AR R 12
[ W L1
NDBI 0
NDVI 0

- T 2 0

1 iy 0

PRAN TR s R L M) L B K b RS B Al b B s
6] #6352 b RS BE A 30 m Y DEM B8 4 il 18 4 2%
WX TR R v X @ i AreGIS10.7 H IR wh X DI fiE,
PL 200 m R 3 BE B, 1A 25 v B Sk UR T BR T
A4 HL R A B T B B VG A8 ML AL [ I AN R
2000~2022 4F S ELAE S R A, SRR TR A A4
Jai; NDWI 45 {5 B Landsat8 #2142 1155 .

(D HJE R 2 s HP b 30 2 5 ma i 58 X 3 2 B
FREE g P R 2%, RHE R BOE . M B B 45
S M R R ST R (B 4, 20115 22 A 5,
2018) . ZE 34 LLZS 0] 4 HF 4% 30 m 1Y DEM i He i, if
A E AR BB R DL R M RLRE B 4 A e
T

(2) b 5 PR 262 i J2 ok S 7= A W 0 . B R
FLRb, 5w A AR E A IR (B AR, 20115 P
TEMEAE, 2019) o St B M2 5 T A PR T B, bR
NSl o | - LN S S S 00 w1 L TSR
FEA W RAFE LA LR A IS, (EHREY)
TH A R 0 % 5 AL R A T R R TR 2~
20 mo AU AR 4 KBTI RLTEE O IX N S i )2

(3)7K SCPH 3R+ 7K SC PR 2R 2 i 334 A 17 0 25 i
& (845, 2018; Huang et al., 2018) . R H N
KARBE, IR N =R RN, a2 a
A Il N 7 S W1 R S S S W s D (9
ol 23 39 0 B 5 P A2 ) — a2 A S ), 7 D0 b 27 A e B
B o gl W R . A L AR U I 9% v X Ok 3
fEK R R FEM . BN AT 38 A 7 B, B fr 5
WACZLRE ., % KT | B/ s B R B B R, TEAR
X B KR ALIE W b2 K s ik, 3 KA R AR )
LI AL B K R 7, RS T SR B2, DT fisk i 85
WY R R AR IR R A S, 2011 2 AR AR
2018) . ST Hb X FE TR & BN, HEIE T, W L
AAE 6~10 A, H & AENIK S 248 H -3 W 5 0
I G, U B U 3 1 2B S TR e DA R R R R AE
KR Y], NDWI e T M 3600 B RRAF, ] 92 s i T
e 1 7K 43 7 2 (Huang et al., 2018) .

(HANEKTHRREZE: BB EEANLTRIEDN
R FHAR B KERBIEMHEZ —, & L&
DX — PR T 45 e T R i G B, T2 UK 8 1) 8
BE 30 30 K S AR, 6F N B3I 7 3 s e (BEE1) 4%, 20115
JE B 5, 2012; 4 44 45, 2017), SCH ORI 38 % 28 of
X3 FE A2 TR e .



176 Wodb o H R

NORTHWESTERN GEOLOGY

2025 4F

i[©

>z

o TR
0 10km 2285870 10 km

— 1 —

v 1772 iﬁ%f()) 365 iﬂgg?sn
| — . .

9 10km - oy |[0 t0km o R =

@ RIB A

(®) R {1 (L)

;|‘,cr_"'¢
i

FAFR (mm)
w483238( | 10 km
362.212( | —

>z

NDWI
= 0.624 047

90728 452

0 10km
—_

200

a iy bR el dIIEMLS; e AME; IR IX; g &R hNDWI; 18 BKZ%ah X
B2 SEHENEFHHE

Fig. 2 Distribution of Susceptibility assessment impact factors
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Fig.4 Map of surface deformation rates in Wugqi County

AR, EHTEE X I — 5 m, A SR ML fe=nhtnf+ynfi++nifi (D
SIS . O X E LT n AT, S0 ey Be— AP T, f 2T D T 181
T 10V E o0 5w R L B SR M RMERE S

JEL A R g eh X BERT . NDWIOH —fL /K K 45 PCY) (R 22 77 10 11 5 T 19 497 -

H0) | 52 vh X ) InSAR JEAEEHG o A W% BT P - ol )

Y(Y EX)HRINA — AT WU LEME R P(Y), F 35 RS, z



178 o4t o# R

NORTHWESTERN GEOLOGY

2025 4F

W Z —WH . e ARELS WFIIME, Rl

iy
PRI F EN—TCRRIZIT e HIMH . PRYZIR
FNF InZ, Rle—- E|<B, B AAEEAE

E=)" xp®f.

InZ, = % Do fit D B

b A R, P —H SR
3.3 MaxEnt #E S E 1L

MaxEnt 45 %1 7 P 8 32 2 27 I 2 A5 4 (RMD) A4
fEZL G (FC) P A~ S50 ), L BRIA IR 45 45 450 RM=1,
RINFFAE 414 FC=LQHPT, F| H Enmeval 1 {b 1 #E 17
SRR, W] LU S0 /D B AL B HLA (Muscarella et
al., 2015; Phillips et al., 2017) . i b #Ed, LL 0.5 K
] B, 15 0.5~4 H 8 P45 £ 431 ; MaxEnt 45 764 {1t
5 MR, 43 9 R £ PE 4R AE (Linear, L) . ¥R AU 4R
(Quadratic, Q). A Bt AL 41 (Hinge, H) . 3 R4 1
(Product, P) Al [ {f 14 4511 (Threshold, T), ¥E#¢ 8 4~4F
fEZH 4, Bl "L, "LQ", "LQP", "QHP", "LQH", "LQHP",
"QHPT", "LQHPT", 5 A #5422 [ # 17 S 8058 L4
A, kAT 64 F S84l A . A H Enmeval £ 4k 4 X
64 Tt 2 B AL A 43 5l AT PRI, AR 4l A AR 10% I 5
18t 2 F Delta AICc {H A iff i A5 70 1) 02 e A 1, B ¢
HEHX Delta AICc= 0 1Y fie 1 S B 4 A A5 1A O S LA
7 (Muscarella et al., 2015) ,
3.4 HERBEEM

VB 5 S Mk DT 285 SR 1 O T ) S B
X DT 25 BE AT A BN AR R A L2 . ROC
MR (32 3R 3 T VR HRRAE 2R ) & — Fh I AG 5645 UK
J¥ #7735 (Yikunoamlak et al., 2020) . % )7 ¥k LA%: S 1
VAR, SRR S NG, 2 ) 26 ROC Bk .
i LA AUC {H (ROC 2k 5 1 il i . 25 i T AR ) ok 3R
TSR HER M, AUC (BB H2 30T 1, 26 B2 158 BURS
M. AUC{H N 0.5~0.6, 75 WA 5132 504 i 411K

3

(4)

(5

AUC fH 2} 0.6~0.7, & B 5 R 32 B8 BF — i ; AUC 1
N 0.7~0.8, F WAL ARG R 4F; AUCTE N 0.8~
0.9, K WA iz S B 30 s AUC A 0.9~1, R
BEAY 8 RRE FEAR 1 o
3.5 FEMBETFEEEESR

K J1V13: (Jackknife) X 4 AT (1 PF-f A -7 57
Tk e B AT VAL . AEX R S OTIA T, BT
W PR s W B — Uk, IR ISR B P PR i i
JEAT 08 R AR AR 5 i T AT DA BT T A
RS I8 155 ) S 705 o A A P RSB AR AT L A, Ak T
i 2, X PEAR PR BTk (20 A 06 0[] s A5 2 e 1
i 2R e A VAN B 5 SO AR 2 B A O AR

4 ZEE 538

41 BERUBRTENBERRBLER

F A Enmeval £ {5 46 25 R B /R, 5] A iR ATE
RGN, V548 RM=1.5, $:fif 41 & FC=
LQHPT, 1454 15 3| Delta.AICc=0, 10% Il % 35 I % Ny
0.129 843, BRIA Z& 1T BRI #2245 45 RM=1 JRRAE 2 45
FC=LQHPT i}, §14575 3| Delta.AICC=13.089 6, 10% Il
Zratt s Ko 0.131827; K51 A MR AT MR 0L F,
PP AEAR R RM=0.5, $51F 414 4 FC=LQH, 3125 %
Delta. AICc=0, 10% Il Zk 35t i %6 4y 0.115 884, BRI F& 1
 BPE £ 45 558 RM=1 K& 1 41 & FC=LQHPT i,
1154 153 Delta. AICc=37.4817, 10% Il 25 35t I 5 N
0.126679(F 2) . FHX FEIAS 5L, MR &0 F ik
FEAY 10% 2535 I R 20 0 F % T 1.51% 1 8.52%,
RUKE BEAF B4R T o AR AT 22 R T I 25 L 3] B (3
FEIoA 70%~90%, ) 48 TR BN B2, 28 5 X RL)I|
R BIHEAT T ik . L BEH 70%. 75%. 80%. 85%
1 90% 1y BEAL YN ZRAE A B s L], e I 3R 2P TR A
RIZEAT 10 Ik, FRHLAUC {H 43 %14 0.853. 0.851. 0.850,
0.852. 0.855, 44 S R WI B 5% IXAEA LU A5 Ry 90% Bif, A5
TURS FE fe e o

K2 AESEIZET MaxEnt IREFMH 45 R

Tab. 2 Evaluation results of MaxEnt model under different parameters setting

REEGIAMBILAE R BAT 4 LEECXRT FrIEH & Delta.AICc 10%il 2535t i 38
L3N 1 LQHPT 13.089 6 0.131 827
51 A M 26 1 s % \ N
etk 15 QHP 0 0.129 843
LN 1 LQHPT 37.4817 0.126 679
AT 2 e % \ N
1k 0.5 QHP 0 0.115884
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Fig. 5 ROC curve verification of susceptibility evaluated by MaxEnt model
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Fig. 6 Results of dynamic evaluation of landslides

susceptibility in Wugqi County
BRI G, PE RS S
43 BEEZEWIZETFHMEF
A5 FI ] MaxEnt BRI “ Jacknife” K15
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Wras R sk . &7 iR A He R 2 T H Al 5
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R F 5T R R/ IR Oy R AR (25.2% ) > B (20.1%) >
HELRE B2 (14%) > ] i 22w IX (11.7) > 5 1 (11.3%) >
R (7.1%) > 3% 7] (5.1%) > Hb & A8 JE 3 2R (3.2%) >
% 2% vh X (1.5%) > NDWI(0.7%) ., H i, & &
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HLURE B2 (PC=14%, PI=11.3%), XA AL 401 48 SR 57 ik 4
(2 4) o b PF A PR A AR 30 [ A s, e R
W B FUORLRE B = 345 20 dac i, IE RLA U538 2506, U
IR 25 [E A AUC A 23 34+ 0.2959., 0.273 1, 0.301 6,
0.3013, 0.2747. 0.302, 0.714 8. 0.7033, 0.7148, H %

B
w
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Tab.3 Comparison of susceptibility evaluation results and landslide point distribution status

5 R0 A (km')  ERE (%) EECECR () WA W
= o B X 241.96 6.33 243 48.11 1.01
Bom H R IX 392.90 10.27 127 25.15 0.32
o kIX 596.17 15.59 80 15.8 0.13
BAR 5 & X 845.52 22.11 44 8.7 0.05
ik 5 & X 1747.84 45.70 11 22 0.1
&t 382439 100% 505 100% /

F4 BENEAFHORBEMEREZHILESR

Tab. 4 Contribution and inportance of impact variables affecting the landslide susceptibility

VA T ¥ BTk % (%) B ETE%)
o 25.2 33.9
g 20.1 24.2

MRS 14 11.3

T 2% e IX 11.7 73
T 113 4.1

W T 7.1 7.9
1w 5.1 22

Hb 3R AR I 3.2 3.6

TH #% 2% v X 1.5 43
NDWI 0.7 1.1
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