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Fig.1 Location of the study area and the

distribution of landslides

1.2 HERERTALE

AR SO ) B Atk K8 B 455 Tl B g s 3 KR
T M BT AT X ) b ST AE AR 5 ) A T
0 -5 g% Do S804k . - b ) SR, DA R B v e A Y
(digital elevation model , DEM) , 3% 1 i/,

F1 FREURFHKIE
Tab.1 Detailed sources of data
e 44 7% KR el #/E
1 iy s PG 15 07 S R R AT Excel #H O 2017 4F, Jy sl i SRS e ek 221 4k
2 R WA HAAT DS L ipg ELR ARIFUFMAARY , L RH 1: 200 000
3 FTBIXHE] http://datav. aliyun. com i FHrT 2021 4E5 A
4 HRERSEZ http://dcc. ngac. org. cn S
5 T I 5 1 ) https : //www. resde. cn 7"
6  THLFIH hitps ://gtde. mnr. gov. en W% RS A LR P LR 121 200 000
7  DEM 91 T i ALOS DEM, 43N 12.5 m

HT ArcGIS 65, A SO SR 1) 45 10 85 3 0%
BLIEATFIAL B K5 R B R L EL s W B R E

3 o PR AT R AR S T, IR0 —BR 4 A A
(WGS_1984_UTM_49N) , #h5s [a) FE Ak Klcdie 14
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IRo G, TR A TSR BUA Bl SR At TR 42 4
Wi A5 8, LURHI S0 fe/NPEAR BTG  BUROUL
LUVZ N ST 3 S A LIN B DI R P Z R 7
(HRDIEIRE sk SRR 240 (AR
HBBRAE bR (ARARZE L P (7 B 48 0. K BH DO i 4
B0 IKSCABEHEAR (TR B ES BE b K IR |
W= 53R ) DL R G SR bR (e B e B

FIE R R ) L 5 8 15 WURFIE S8 b #8290 20 VAN
TebrEdE A . HOR, i PCA FH RSB 5 4L 2k
ML W2 & T e O RAAE PR A , IF 45 6 iff e 1 R 4K
(certainty factor, CF) IR AG S, &or
Lk Te B % . 2, i Z AL A
TEIR ] 2 T W o MV, S U FEAR B e 1 IX )
JU IR A AR ) S XN F1 AR IR T B A oy
ARWFFEHY ONS Bdis . B, 454 FEHL AR K (random
forest, RF) FL 75 I J&& 5 3% 5y & M PEA i 1, >R FH 2%
& T AE FF fF (receiver operating characteristic,
ROC) £k T M X ( area under curve, AUC) 54 3
3 BT G 6 S T T

B P PR 5 AT 50 RV

i

HIF S IX 4TS S5 3

| st g || i 3 |

'

|
5 oy AR

SR B 4 |

WML L ONS |

| A

e
| SN

el

PNESTEE ST

ST AT ;

] |

[ we ] so%iise |

ROCH £/ £y Bk 5B
+ 9

CFH: |

[ |
| |
[ |
| |
[ |
| |
I FEHEF AR i |
| I
| |
| |
| I
[ |
| |
I

|
|
|
|
|

| o+

R e e R

| [omma] (220w :
|
|
|
|
|
|

U I 5 R S bR

U 3 54 42 P VP HE b A B H

U BRI K |

B2 BEEAREEE
Fig.2 Total technology roadmap

2.2 iFMrETIERE

P Bk 5y VR VE A A A SR T 5 A
TCH IR AR 2 AR A R 1 2RI BT
o B B L A R4 TR B il S B
) 45 AR AL DT 4 B R R )
I B TT A AR I L S b S5 VA R £ B e IX SR M T
TUE, BT ¥ e I B G L SRR T IE BE S) K
PEVEAREE A SR A BT HE R /N PE A B
JG. 2T GRASS GIS V&, ffi [ 1. slopeunits 1 {/f
SHAIFSE X DEM 0408 ) 43 #3200 76 08 A
[ s ¥ 3 a5 A LA E— S o AR B I B i
BT, 2R Z K, KA DR/ o sE T
1 km® [FRAE B BIF5E X R 3R 63 340 > RHH 5
JC(E 3) , Hh /MR SRR AR 0. 01 km? By

KIEFLHN 0.56 km®,
2.3 4FMEFEFRIGIE
2.3.1 PCA #*
PCA & —Fh U TR 4R JC B Bk,
B RE I 1 58 AR ok 22 A 4 1 A 6 (R RRAE 8 AR
5k D e AN TC IR BB R bR, T A 88025 B A A
FFAE IR 5IUA R B R TRz kg ),
FEBIHESE X R SR B |t oR R
VIRIVREE M RRE B | A8 S R A0 MR Ao 4
BUA LK A B 50 9 Tidg AR B e 1L E DEM %8
PETT ST i AR 5 i A b CORTR
HUR A ) I T I S R M ORI 2 (R
TG I 5 6 XK A ) )2 5 b g B T2 B S (O
5 J2 A A5 W2 AR ) )t 3 s X K e B
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Fig.3 Coverage area of slope units (a) and their details (b)

M e 40 TS AR BF 52 A Fi DEM 08 3R B Y 9
S FRIT e PCA . JEF SPSS Pro #0F Wi e Bk
FE my MR R UV EITR B R MRS e R
5 R ML TR AL B A DL B R B O RS £ 9 T
T bR 4 SRy £ 1 TG 56 BB 48 AR PCOT % PCO9 , Jf:
Fe IR T M BER R T 10% FFIER AT 0.9 1
PR, PR BT 4 BURFAEFE PR PCO1 2 PCO4 (3R 2) .
P B8 A R AE 48 A AR L BE IR A R 48 B 85. 26% 1)
HE AR T S AN BEEE

x2 BOEEESH
Tab.2 Ingredient information analysis
FFIEAR
Wi
FRAEAR FHEMBER/ % BT ERREE/ %

PCO1 4.216 46. 848 46.848
PCO2 1.393 15.475 62.323
PCO3 1.085 12.055 74.379
PCo4 0.979 10.879 85.258
PCO5 0.711 7.904 93.161
PCO6 0.368 4.091 97.252
PCO7 0.182 2.021 99.273
PCO8 0.046 0.516 99.789
PC0O9 0.019 0.211 100

2.3.2 FEMSH G REBYS b
SR HT T AT AR G PE R R VPAH 46 7

]G GRS I Fhek s ™ w] SR F O 22 i ik X
F(variance inflation factor, VIF) 48 Fr fig 75 6k
HABFEARER PR AR

FTF SPSS A, AR SCREAH S 3 A7 5 S 2k b
BWTAHZE A O 0 2 FRAE 8 A5, M 8RR <
0.35 H VIF{H <3 B, WA A% 48 broih 2 i 18
Ko B4 HT (I 4,32 3) ,PCO2 . PCO3 5 HAB 455
AR RBEE (IR >0.35) B BR, m& 1R
AR bR AR RIS Y BB DR 2 R B | b 3R K R R
B OHUZ S A R U A b R R S D
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Fig.4 Correlation analysis heat map
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#=3 HERVIFE
Tab.3 VIF value for each indicator

HOPRESH FRMRSTN BRI EEEES ANRAHL S I BEMROKIRRE RS BEWIEEEES EAUS PCO1 EALS PCO4

iS5 3 1.066 1.068 1.071 1.051 1.068 1.068 1.055
ARARSEA 1.070 1.075 1.070 1.072 1.073 1.027 1.072
T R 1.154 1.157 1.158 1.109 1.158 1.084 1.138
HEB b L 1.005 1.000 1.005 1.005 1.005 1.005 1.005
FEHL R KIRIES  1.133 1.151 1.106 1.155 1.155 1.151 1.109

L 2 B 1.014 1.016 1.018 1.018 1.018 1.014 1.011
PCO1 1.163 1.114 1.091 1.166 1.162 1.162 1.129
PCO4 1.134 1.148 1.132 1.152 1.107 1.145 1.115

2.4 FEMIER s LST IS KSR, CF 5 | SRR fEdE
2.4.1 CFHi PR j gy CF fB; RF, A5 | JSRHIEFE FR 1AL

CF Bk AR 2 — 3 B = 90 0 4%
PERERPRAL, AR T SR S Rk A SRS R
SV e A A VEARIR) , SHe s 5 e O R 4
b R, Ha 3 Ak

PP, - PP,

W (PP“ <PPS)

CF = o (1)
PP.=PP  pp = pp)
PP,(1 - PP,) « =

s CF i e Mk R A, Fom I 58 1 PR IR 95
PR BSOS G FITE] - 1,1 ] (8], CF {8
GBI 1 I AR SR A i B R 2 CF
BT — 1 I, AR ER I 3 & A ) UM BTG, Y
CF {HFEIT 0 W), FROR AN RE A 2 3k A 1) U R
5 PP, R 1 L BAERAEFEAR Y o 4328 AR Y
AR W] @ 2328 B R UL o 20 2T
KAG; PP, Dy S A AT ST DN R A Y B 5
WEAR T I 5 X T 3 i ok LA T 5 DX T
AT

2.4.2 CF-RF ##&

RF 5020 —Fh L F Bagging ( Bootstrap Ag-
gregating ) W AR U | BE AT RA b b BRAE e P
(B, AR AR AL, 2 W T ) R
#ro CF - RF fAUEN CF 54k 5 RF BIAUAHFE
G EN W — RS A ZERBE RS CF Bk
ELULME, L H# RF SRR & b BT
B2 W

LSI = (Y, CF; xRF)y 4 o (2)

i=1,j=1

H k ONFHEFE PR n RER

K (1) SR AT B FRAE 48 A5 1Y 43 M5 B
it CF 53T W WHAEAAT ] RF BRI 45 Br
FUE RF, %t AR , BRI AT SR AR FRAEF6 An 9 F & 15
B AREKRrEaEER# T HEMS A
— A AL H M AR B 5T X0 3% ) kP AE R ST,
2.5 ONS Fi%

TEW I 5y K VEVE oh |, R 2B 98 35 8 R H Bifi
BLA: Al b 10 SRR R A RS ) &
PR B T PREE YRR s AE T SR O SR AR
PEAEAFAEME S (4540 [T R OR [R] BEAIL 7 AE A 15
PR 2SR I 22 R ) AT 52 M DA K
I AS SO P E S 22 R R 5 PEAN AR B ONS
ik, R RSB . O F X5 IX
Ty 52 0 BRI 9 25 (6] 43 BT, e R 5 3k (1 2 o IX B4R
ALK EZWIX; QTEZ WP X AMREHLIMER K 413k
WY (K=2,3,4--); QWART Y 205515 Py sl
WY AN ALE K, ISR HAE S &
PEVEAN B, @75 (8] B 0 45 41 5 & VA I, 75 2]
NHR G R IXEH; @ T ALMS & X,
PR 3 DA A e AL HAR SRR a0
Bl 5 iR

ASCARPERIFFE DX T 39 04 25 () o3 A IR L R R
N TSR B, S A B RAR, A
GE PP 1 km, IEREALIIIC T 3 ZHARH IS 55
SaE e B R Lk DL 2 A AR |
Sy RVEVEN B 5 B A SIS K X
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Fig.5 Acquisition process of ONS method

JEHY) R S Y 45 b (LI B | B i R K A

3 WG K MEFEN B ERVEHI M L B S R BT L% PCOT  PCO4)
P2 X TR TE bR, M 4 LR A J& P2 ) kAT
3.1 $H{EEHRIER Sy YT IR bR, M4 I b g b R AR Ak

MRIRBE B R S e brm v AR R T ®. R SEE (R 4) 50 9 s
PERFAESE brd) 2 BB AR BR ()2 S350 ARbk (B 6) WP FR,

x4 MERFEERIRER
Tab.4 Classification information of feature indicator in the study area

B SSii] W bR Sy K AR CF 1§ E3i] WA bR 3 X bR CF &
EIEIN -0.567 1 <300 m 0.400 4
bk 0.408 3 [300,600) m 0.159 2
FRARIE 1Y HEA M -0.038 2 [600,900) m -0.017 4
TR AR 0.013 7 ; [900,1 200) m -0.475 1
oA A -0.105 8 B R R [1200,1500) m -0.5516
LGS 0.050 2 [1500,1800) m -0.1361
B EHER 0.378 7 [1800,2100) m -0.440 2
- RAR -1.000 0 =2 100 m 0.075 8
TEBR -0.792'5 < =26 -0.087 5
)25 =BR -0.767 6 [ =26, -24) -0.120 1
Fu 0.859 5 [ -24,-22) 0.374 6
HER 0.664 8 [ -22,-20) 0.126 5
FERFR -0.5328 [ -20,-18) 0.253 8
UK X 0.662 9 oL [ -18,-16) 0.1959
<250 m 0.5252 [ -16, -14) 0.167 7
[250,750) m -0.070 5 [ -14,-12) -0.140 0
[750,1250) m 0.103 1 [ -12,-10) -0.398 7
= 3 I [1250,1750) m -0.292 3 e [ -10, -8) -0.610 1
[1750,2250) m -0.3312 [-8,-6) -0.749 5
[2250,2750) m -0.682 4 =-6 -0.716 0
=2 750 m -0.3116 < —40 -0.6557
<2% -0.754 5 [ -40, -20) -0.5115
[2,12)% 0.689 8 [ -20,0) 0.008 7
[12,22)% 0.8512 [0,20) 0.123 6
s AL [22,32)% 0.874 7 [20,40) 0.204 2
[32,42)% 0.968 2 [40,60) -0.4256
[42,52)% 0.743 3 [60,80) 0.278 9
=52% 0.489 5 PCO4 [80,100) 0.005 5
<200 m 0.5277 [100,120) 0.214 1
[200,450) m -0.0152 [120,140) -0.1672
[450,700) m 0.089 3 [140,160) 0.2757
B K R [700,950) m -0.086 2 [160,180) -0.2132
[950,1 200) m -0.3133 [180,200) 0.5850
[1200,1450) m -0.601 8 =200 0.078 6
[1450,1700) m -0.8152
=1700 m -0.8773
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3.2 BESEMEE 04r
W FEIX T s K AT S A AR
WFE R NFEASE IR 7: 3 He i) 54 )
RV AL I R4 5 I S A RF 58 3
FTT A5 B A R AE TR AR A E (B 7)
WRIEFHEFE A S CF {5 85, 7E ArcGIS
A 4515k #5 ONS - CF - RF B8 5 CF - RF 4
TIN5y R 1 48 K, I 48 HEOAH G b 5 98 A 2 AR A
WE T S R PR L SE s A AR SRR

CF-RFf %)
[ ] ONS-CF-RF#i71

WFE 0 50 16 55 41X o 55 21X 75 55 2 X U R S
Wi 2 K IX 4 D555 25 R E 8 TR, Fig.7 Weights of the feature indicators
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| SRS | S
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Fig.8 Landslide — prone zoning in the study area

3.3 £RKRESSH ratio method , FR) MUK T8 45 M7 15 3 b 2 1k IX K1)
3.3.1 AN R BRI I A R (R 5) . &5t

BT s W K ERIG A S AR RN Y S 9T, ONS - CF - RF #5551 5 CF - RF f&#1 rpr 44 %5
RNEIX R AT 23 A B 32 350 JTTB0R e (frequency  RIX R4 AR 43— 35, M BB B4 T T4 5008

x5 MRREBERMEDHT

Tab.5 Comparative analysis of the model results in the study area

I CF - RF %!
X 3 A km? W B/ A W/ 10* m? FR {H
5 & X 751.348 3 2 1.664 0 0.037 8
o KX 1000.134 1 17 38.123 0 0.2415
R KX 837.074 2 43 22.800 5 0.730 0

e 2 X 495.120 9 155 143.907 7 4.448 7




5 4 3 a5, ETRHMEFE bR 5 R ALY LI XY 5 R TP <121 -
b ONS - CF - RF #i %
X B A km? WAL/ A~ W E AL 10* m? FR {8
%5 % IX 1 086.163 4 8 8.619 0 0.104 7
5 RIX 1 060. 840 2 23 37.142 0 0.308 1
o K IX 491.194 4 37 21.626 5 1.070 4
Wi 5 K X 445.479 5 149 139.107 7 4.753 0

B A H BT 85% M1 W34 Ak VE 7 55 W &1 &
R AT A B O A A, R A A B
PEZERK . ONS - CF - RF BRI & B o & IX FR
H¥E T 1% R T CF - RF BRI W&o &
X FR A, HIPN S5 R BB HER
3.3.2 ROC #1 %

ROC 14k /2 S e A4 7= SO 5 e S M i
R EAE G R NERETEbR , B2 b H] T 4 o K
Gy R VT AR K 55 a2 2T S PP A AL A T X Y
AUC KTF 0.5 B, RIZBR A T D)8, ) 2,
WA B AWM Yy g, 8% AUC 8K, AR % Fl i
PEREAR R, AN S o A A AR T 45 SR )
A SPSS #AEA 1 ROC i1 48 58 i — 25 K 56 A5 72 73
MGE ST, &3 ONS — CF - RF #%1 AUC (0. 988 ) %
CF - RF 57 AUC(0.893) #2717 10.64% (K1 9) .,
SRR, P A AR R 1) B A R4 Y T Py RE, B
ONS - CF — RF BRI T ¢ fig o sy

1.0

0.8F

0.6

ie2d
04+
0.2 yd [— | ONS-CF-RFRIH(AUC=0.988)
e
’ [— ] CF-RFRIH(AUC=0.893)
7 E Sk
/ =Z 3=
0.0 0.2 0.4 0.6 0.8 1.0
IS
9 ROC Mk
Fig.9 ROC curve
3.3.3 M ERoH

TEHORS BE B = ) ONS — CF — RF BERIPEA 45
SRR I A A EE AT S RS, 76 S B
S FH S LS, TSRO X ) M oy
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Tab.6 Statistical analysis of ONS — CF — RF model

ShK SPXHEIER XA W EEEE/ (A -
/km? /% /A 10 000 m %)
&7 & X 1168.1 37.88 8 0.68
5 KX 1057.3 34.29 23 2.18
Fo R IX 467.2 15.15 37 7.92
Wi 5 & X 391.0 12.68 149 38.10
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AUC(0.893) 42T+ T 10. 64% , 304G B A3 1t o 33k T 0]
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5 RV I UERA M

(2)%F ONS - CF - RF #H8M3 ) Ke Pk X 45
AT AT, KBGO 3 i G5 & IX ok &,
15 MR Ty R X B AT T 5T X NS 3l R A
FHTEAL A R )R ARG R X FE AR
TGSl e 3k L X B9 R T Ry e B
Yo EBIGIEURL A 4R T, ] Ay [R) 7 DX S 3k
Gy RS KPS H AR

(3) A SCHE U e A e 1L B3 &) e Ve A T
55, AL YK F BRI S AU FAEAR R Z
Ak, B ANBI 5 S R T R T i s S S ) S



- 122 -

hoE

G|

A 2025 4F

WERPETEA TARZ S TSRS rh ] 36 AR I A i ek
T IR R A (RH JEE [

£ 2% Lk ( References) :

(1]

[10]

[11]

EZGE R, E S HE % 2023 [ M. b5, P E S8 R
#t,2024 .257.

National Bureau of Statistics of China. China Statistical Yearbook
2023[ M]. Beijing: China Statistics Press,2024 :257.

VPR SRR TE TS A M TR E U A 0 SR R N BR
H[T]. ML ,2022,51(10) :2020 -2033.

Xu Q,Guo C,Dong X J. Application status and prospect of aerial
remote sensing technology for geohazards[ J]. Acta Geodaetica et
Cartographica Sinica,2022,51(10) ;2020 —2033.

ZIE, %58, ISR, . JETE B A - Ilds IR s A Y
KR 2 TT K i SR B S R PR Y [ D). I 2 4
2024 (8S1) ;237 -241.

Li Z,Leng L,Sun Y X, et al. Landslide susceptibility assessment
in the river cascade development basin based on the IV — LM cou-
pling model[ J ]. Bulletin of Surveying and Mapping,2024 (S1) ;
237 -241.

TEHE B, IMESE, F. TR PP ST Y =k X
T2 MRS L ——LLE R = B EL [ J]. &5 bRk 22
e HuBRFFE 1T, 2024 ,54(5) 1629 - 1644.

An X L,Mi C L,Sun D L, et al. Comparison of landslide suscepti-
bility in three gorges reservoir area based on different evaluation
units: Take Yunyang County in Chongging as an example [ ] ].
Journal of Jilin University ( Earth Science Edition ), 2024,
54(5):1629 —1644.

FEER  BEo, BE AR BE 45 BRAL B 1 A 3 O XU PP i
RRMHEL)]. HFGEAR ,2012,31(6) :979 - 988.

Tang Y M, Xue Q,Bi J B, et al. The construction of factors for as-
sessing the risk of collapse at loess slopes in northern Shaanxi Prov-
ince[ J]. Geological Bulletin of China,2012,31(6) :979 -988.
Jaafari A. Landslide susceptibility assessment using novel hybrid-
ized methods based on the support vector regression[ J]. Ecologi-
cal Engineering,2024,208 :107372.

Ciurleo M, Cascini L, Calvello M. A comparison of statistical and
deterministic methods for shallow landslide susceptibility zoning in
clayey soils[ J]. Engineering Geology,2017,223.71 —81.

Hussin H'Y, Zumpano V,Reichenbach P, et al. Different landslide
sampling strategies in a grid — based bi — variate statistical suscep-
tibility model[ J]. Geomorphology,2016,253 ;508 —523.

Silhan K. A new tree — ring — based index for the expression of spa-
tial landslide activity and the assessment of landslide hazards[ J].
Geomatics , Natural Hazards and Risk,2021,12(1) ;3409 —3428.
HEREIR, AR ARG, T L 27 ~) HL DCIlif 3 5 2 M VP AN
BIVNZRAEACRAE D 2:[ )] HBBEAA4,2024,79(7) 1718 - 1736.
Hong H Y, Wang D S,Zhu A X. A new training data sampling
method for machine learning — based landslide susceptibility map-
ping[ J]. Acta Geographica Sinica,2024,79(7) :1718 —1736.
SRR MG, BT, A I T AR IR B 043 3 B R PR SC
MRZRIAR KBTS R[], HusREL 22024 ,49(5) 11584 - 1606.
Guo F,Lai P,Huang F M, et al. Literature review and research

progress of landslide susceptibility mapping based on knowledge

[12]

[13]

[14]

[15]

—
—_
()

[

[17]

[18]

[19]

[20]

graph[ J]. Earth Science,2024,49(5) :1584 - 1606.

Aleotti P, Chowdhury R. Landslide hazard assessment: Summary
review and new perspectives| J ]. Bulletin of Engineering Geology
and the Environment, 1999 ,58 (1) ;21 —44.

BRI R A AR A AR LR R B ) R M
THERBBITE[J]. H A %5 TR H,2021,40(11)
2306 -2319.

Luo L. G,Pei X J,Cui S H,et al. Combined selection of suscepti-
bility assessment factors for Jiuzhaigou earthquake — induced land-
slides[ J]. Chinese Journal of Rock Mechanics and Engineering,
2021,40(11) :2306 —2319.

Xia D,Tang H M, Glade T, et al. KNN — GCN:a deep learning
approach for slope — unit — based landslide susceptibility mapping
incorporating spatial correlations[ J]. Mathematical Geosciences,
2024,56(5) ;1011 —1039.

R AR RTRAR, A B TR AL S 2 IR R B b AR
AW DX S BRI —— LA ORI [T ). vk R+
2023,45(1) .67 =79.

Li X, Su X, Zhang M Y, et al. Landslide susceptibility using
weights —of — evidence approach and multi — source data in Long-
zhong ecologically vulnerable area: A case study of Tianshui City[ J].
Journal of Glaciology and Geocryology,2023,45(1) ;67 —79.
PR, sk o, sk IENG, 4. B T80 U S A R AR AL 1
SCNGO - SVM - AdaBoost 22 JE A3 IS W R AR [ 1] B J7 L Y
K ,2025,19(6) :14 -25.

Yao X X,Zhang Y,Zhang G Z,et al. SCNGO - SVM - AdaBoost
transformer fault diagnosis technology based on data augmentation
and fault feature optimization [ J]. Southern Power System Tech-
nology ,2025,19(6) .14 -25.

S B 8 5. SET SVM - ANN BRI 3k 5 & 1
WA —— A= X AR L B B[] v 4 5K A5 B R
2F4%,2018,29(5) :13 - 19.

Xia H, Yin K L, Liang X, et al. Landslide susceptibility assess-
ment based on SVM - ANN models: A case stualy for Wushan
County in the Three Gorges Reservoir| J]. The Chinese Journal of
Geological Hazard and Control ,2018,29(5) .13 - 19.

FHOU, sl BRAL, 45, T 22 b 5 A A0 X TG il 5 1) 5
ST AR VN [T]. B BioR 5 TR, 2024,24 (29)
12452 - 12460.

Tian Y,Zhang J J,Yin H, et al. Landslide susceptibility evaluation
in Chaya County based on multiple mathematical models and their
fusion[ J]. Science Technology and Engineering,2024,24(29) .
12452 - 12460.

ESPAE, B IMGAE 55 BT CF - CNN — LSTM #8837
By RARTFN )], AARIK 44,2024 ,33(5) :84 - 95.
Wang S H, Wang R S,Sun X Y, et al. Landslide susceptibility e-
valuation based on CF — CNN = LSTM model[ J ]. Journal of Natu-
ral Disasters,2024,33(5) .84 —95.

EEOHE 2RISR S0 AF . BE T ORECHE A AL - BEVLAR AR A
SR 28 W TSR [T ], A IR Tl K22 i B AR
WT,2025,48(3) :360 —368.

Ge RY,Li X H, Yuan F,et al. Urban underground space demand
evaluation based on big data and entropy — random forest[ J].
Journal of Hefei University of Technology ( Natural Science ),
2025,48(3) :360 —368.



54 WA BT RIS IR ifve 5 R DAL O LU XA 5 A v AR - 123 -

[21] Yuan X Y,Liu C,Nie R H,et al. A comparative analysis of cer- Journal of Water Resources & Water Engineering,2024,35(1):
tainty factor — based machine learning methods for collapse and 197 -205,216.
landslide susceptibility mapping in Wenchuan County, Chinal]J]. [25] EVEfe, B ey, mm A, 55 ST 50 1l 8 f B e A i A
Remote Sensing,2022,14(14) ;3259. W35 K HEVEAR [ J]. HUBRZS [E)45 8, ,2025,23(6) <61 —64,78.
[22] B, RHHRH, & BRI X2 4 K E RGNS T Xia Y D L,Luo W Q,Gao J H,et al. Preferred coupled model land-
’ﬁl?[ J/OL]. Vi B AT R AR ,(2024 - 09 -03). http://kns. slide susceptibility evaluation based on logistic regression|[ J]. Geo-
cnki. net/kems/detail/51. 1277. u. 20240903. 0915. 002. himl. spatial Information,2025,23(6) :61 —64,78.
Wang W,Song Y ,Huang L, et al. Vulnerability assessment of com- [26] BREET,F W0k, FFEMS, 55, B ARGk O b 57 R % 5 kT
posite disaster systems in the Greater Bay Area[ J/OL]. Journal of Hy FR) 5 i) INTIiip b =SS K | I R B 0 & = i =4
Southwest Jiaotong University, (2024 =09 —03). http://kns. enki. 41,2024 ,35(3) :152 - 162.
net/kems/detail/51. 1277. u. 20240903. 0915. 002. html. Chen J P,Xin Y B,Wang Z P, et al. Effect of sample selection on
[23] BAFWHEMREHFTHA ). DD 2019 - 08 i % % i 4 H the susceptibility assessment of geological hazards: A case study in
ARZER(1:50 000) [ S]. b5 . [ A )5 ,2019. Liulin County,Shanxi Province[ J]. The Chinese Journal of Geo-
China Geological Survey. DD 2019 — 08 Technical Requirement logical Hazard and Control ,2024,35(3) .152 - 162.
for Geo — hazard Survey (1:50 000) [ S]. Beijing: China Geolog- [27] #KIT, BN, B, FeTIAUE B8 AU & 1 250
ical Survey,2019. RS T M 5 RV [T, o b R A5, 2024, 11 (3) -
[24] ¥, A1, ZFEE, % 2T LightGBM BRI H A IGE 108 - 116.
HI 5 KPR [ 1], KRR 5Kk TR 24,2024 ,35(1) ¢ Huang Y F,Guo Y G,Huang Y T. Landslide susceptibility assess-
197 -205,216. ment in the southeastern Tibet based on weighted informativeness
He Z,Shi Y L,Li F C,et al. Landslide susceptibility assessment and weighted certainty factor [ J]. Geological Survey of China,
based on LightGBM model in Linxia County, Gansu Province[ J]. 2024,11(3) :108 —116.

Susceptibility assessment of mountain landslide based on feature indicator
screening and negative sample optimization

YANG Ruojun'?, XIA Yangdelong’, XIA Le'?, HE Qiuhua'?, LI Mingbo'~
(1. Hunan Center of Natural Resources Affairs, Changsha Hunan 410004, China; 2. Technology Innovation Center for Ecological
Conservation and Restoration in Dongting Lake Basin, Ministry of Natural Resources, Changsha Hunan 410004, China,
3. School of Earth Sciences and Spatial Information Engineering, Hunan University of Science and Technology,
Xiangtan Hunan 411201, China)

Abstract ; Landslide susceptibility assessment is the basis of disaster monitoring and early warning. How to scien-
tifically and reasonably screen feature indicators and optimize assessment samples is still a difficult and easily ig-
nored problem. The authors took Longshan County of Hunan Province as an example, and screened high — quality
indicators by principal component analysis (PCA), correlation analysis and collinearity diagnosis, based on 15
feature indicators such as elevation, slope and slope direction. An optimize negative samples (ONS) method was
proposed to construct assessment samples, and then certainty factor — random forest ( CF — RF) model was used to
map landslide susceptibility. The accuracy of prediction results was tested according to receiver operating charac-
teristic (ROC) curve and rationality analysis. The results show that ONS — CF — RF model can significantly en-
hance the accuracy of model assessment. The area under curve ( AUC) of this model has increased by 10. 64%
compared to the AUC of CF — RF model. The high landslide prone area is concentrated in human gathering area in
the northwest corner of the study area, while the low landslide prone area is distributed in the high — altitude
mountainous area which is less affected by human activities. The research results could provide scientific guidance
for the prevention and control of landslide disaster in Longshan County, and could also provide references for the
landslide prone zoning in the same type of region.

Keywords : landslide susceptibility assessment ; feature indicator; negative sample ; receiver operating characteris-

tic curve
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