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Abstract: This research aims to tackle the problems existing in the traditional hydrological analysis method for
landslide slope unit division, such as ambiguous boundaries, overly large areas, and the overlooking of the spatial
heterogeneity of environmental factors. A landslide susceptibility prediction approach that integrates the multi-scale
segmentation algorithm (MSS) and the coefficient of variation to quantify heterogeneity is proposed. Taking the
Meihe River Basin in Ruijin City, Jiangxi Province as the study area, the optimal segmentation parameters (scale 7
and shape weight 0.9) were determined based on the local variance change rate. As a result, fine slope units with an
average area of 0.027 km? were delineated. Meanwhile, the mean values (representing homogeneity) and coefficients
of variation (CVs, representing heterogeneity) of environmental factors were extracted. A 34-dimensional feature set
was constructed and then subjected to dimensionality reduction through correlation screening. Through comparative
analysis using the Random Forest and XGBoost models, the results show that the MSS-XGBoost model exhibits the
best performance, with an AUC of 0.915 in the test set. Bootstrap analysis indicates that its average accuracy is 0.742,
accompanied by the lowest standard deviation (0.033), suggesting high stability and generalization ability. The
analysis of main controlling factors reveals that the coefficient of variation of NDBI (weight: 0.196), the coefficient
of variation of precipitation (weight: 0.154), and lithology (weight: 0.117) have the most pronounced impacts on
landslide development. The results of susceptibility mapping further demonstrate that the extremely high-risk areas
are predominantly distributed in river valleys, showing a high degree of coincidence with regions of high precipitation
variation and magmatic rock strata. This study demonstrates that the use of MSS for slope unit division, combined

with the quantification of environmental factor heterogeneity using the coefficient of variation, can effectively
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enhance the accuracy and reliability of landslide susceptibility prediction models. This provides scientific support for

regional landslide risk assessment and prevention.
KEYWORD: Landslide susceptibility prediction; Heterogeneity of Environmental factors; Slope unit division;

Multi-scale segmentation method; Coefficient of variation

03518

WY 5 R T (landslide susceptibility prediction, LSP) A& HE 3 o 35 XU PE-A% 5 3t R FH A
R A% DR N Z¥ (Igbal et al., 2018; 524855, 2023). HElT, [XIIFIE 5 Kk VPN TH I 18 2
AHREPEI R, ARG TN R T R R R . BRI T RIA I TE & e ML S B R BT
A B AN Ve A A, I 8 o) B e ) B AR 1 T SR MR ROME A 4, 2022; 90 KSR, 2024).
M Z R, IR SN 8 PR B R 22, SR 5 MRV BIE 0 38 0 X 3 e 5 R A
() T i A A PR (Tehrani et al., 2022, 55 & B1%%,2025).

T 3 S HAH DS PR DR 1 ) Tl B3 e g MR A S (AL A b ) ORI B 117 o S REAS T L
ST SUFIRBUR LS FTT, 7073 SR I PR 05 DR R AL, DA DX 3T 48 2 1 (R s 4 T 2 3t
R SR SR Bl (Huang et al., 2024). T SCHRKEH H 107000 52 0 R 0 A 136 Mg oo, &)
WG, ANREEATC. M BT L AT R JG(Huang et al., 2021; %2 555, 2024) ., 5K,
TSR 3K ST SR AE R 43 (AR o G R L R Y S I B 5 SRR A 2 T R B 0 R OB
Wi 52 31 9%7F (Huang et al., 2025). 1G0T 10 197K SCo AR LE R 20 R L TR, 5 B
TOTAR R R« PREE DR 1M RS 100 SO 55 o R, i LIRS it S e 48 7 18 R 5 (B 1 4,
2017; FHL5E, 2020). #5028 R H T RT3 0 43 /KU vE DASEIL ST 4 SR s 1) 43, HZ 7
AR R WK ST B A A L 7 AT AEAE R PR (TR IR SE, 2018). 53 A W 70 2430 51 N UG 43 5k
WLEE S ) Bk, FE TR RSN SE AR S e i E sk 4 . Bt H BB A5 (2023) R 2 U
SrEITTE, R AR A 56 RHMER R R R AR B KRR, RE AR IT
Loy 7R B, E Rk = 43 RIHT € &AL THARL A R0 RIS BRI, SBOER
FERVER GO RHE R E A L, BN 20 R G AR U GBS . £ RES 4
R FNEFIAI E 1, Al PR . R SE IR e B30 REHE S FIT SR 2 B 7
M (CREFEE, 2025),

55 R B0 AH G R RS Rl 1 AR R S RS AR A K T S A S 2 (R TR PR R o M AT AR AT
e SCVE I N IR R S RAE 7%, BIEE A KSR S WO 3 R AR DR 1 7 R R B R
fiE(Huang et al., 2022). SR TR0 K30, HRE G LA S, FISHET 40



o H5Z BB AT GIS 2 (8] 73 e T IBR 1, 2 00 AR A 10 A &) 1 3REUI P85 ]
T XFE BRI BT A R ARSI TN BCR R R 4%, 2025). FEMEEK 5 3RIAT T, DA
F 2 KRB R e NS IR T (R 35ME, SR N BB, TR T BT Y R S P RRAE
SN TR IE BRI (Huang et al., 2025), 3 ([0 $2HCEA TG P B3R5 R T 1031 5
AR S R A, T LA PP S T, AN SE AT L v b I TR R T A SRR I B R
(Bhattacharya et al., 2024). [Ftt, HLERIFFEF A, M2 R4 2 s S 12,
AR B TC IRy, RIS I RS R T 78 A AU B R R T

T 0 BAS 20K 3 B e A R IR BE IR T A AE R A, X Bt IR h Y (X S 3 B R 1k VA
A FE A 220 (Huang et al., 2024). A£G0K SO HHEAERI - RHBCA T FAALER “TIRIR. 14
TR FNIREEIN T “ A RIEHRE " SFRIE, ASCIR IR 2 R RIS A 548 7 R 8
SCHREH A T IR AR 53 A0 A IR G R 1 R AE . S 2 R ISk RS 8k
BN E MR E M, B2 —Fh & T A0 X Sl TR RTINS BE RIS F)D) (Gt i vt
Tk e ZJTPNE 4G A R BUR R AE AT, AN RIS RS (R O AT DR R &
RV, SEPUR SN S i B . AT 0 B 1R R AR 1A XU PP A B2 £
SRR T B Rt SRR S
1 B TE

AR SOR X355 P AR PR e RUBE TR e A S B 55 R 1 (14 AR R AIE B 3 5 R Mk 4y A 84T LSP 2
o I S5 GBI B EIE . GIS BORFBIEIKAIRAY, TR DX 45l 78 A3 B 70 RUBE R B 35
Gy RV At L. G 1 FR, AN E RO R 3 AL DU YA IR

(D REEHITTHI BRI BT R 53 R 7 72 RO AR A th 28, (e AifE R
T8 RV R TG A IE A EURBEE, R4 B A AL (0] G R R AR A s . S5 A TE X
P 1 SE I PR T A5 R0 R R A 2 TR AN R 5 S B A

(2) HEHEFERMRIG RS ORI MRBE IR b, 4 SRS RIS 7
MIME 58 R Horh, B T S B RHBEL TG A B ER B8 R 1 B AR — S, AR R R AL
W T A A A . (E R

(3) HHm RS e 35 FHBEALAR AR AN XGBoost 1 e s 14 458 i 0 A0 X s A5 700 3k
17 LSP #H. BHAARMBR R AR, 5 TR BB ReR M, ) 12 B TAH S8 .
XGBoost M| K 7E AL AR 28 P ] 777 TH 2 0 HH 1) AT PERE, AR S E AR AL 25 5

(4) BEADREFEVP: B 2R3 TAERHEMIZE (ROC) « M3 5 K M4 B 2 181 40 A 1
A Bootstrap VEFEAT AT E S VAL, DA ORI 45 R B 5 P S
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1.1 £ RESFEERI 7 RHECE T

AP EEER ) 2 Ry ENE AT RO B TT ORI 53, [F I A Gk SO ik AT 1
T E 4, DM AR 22 RURE 70 ST i Tt 5 A0 e
L1 KA HTEE

IK 353 #ridi(hydrological analysis method, HM){&KHE R 11 B SAKFIE, 2T 546G DEM $2HX
WA ZRANLPFZ, =38 B INASTE A K 7 3 BRI A R 5T (Huang et al., 2021). HM %14y



R AT AR IR

(1) SHEREMTE . AR BT R KREAS TR R B, JE45 & S sebrith e
REAE 15 e TR TR AEEE TR P AR s [RIRE b, 0 St T (R KR B A2 T B R BB IR B, e 3L
TN BRI T R VR S R

(2) mERENTE: FABERXIRN OA FRRR B, THEAS Iz DX % R
9078 km/km? o FE IS A, VRREF LU B 5 e 0 B DG R I, I R A% DT G S oy o] 2
R A AR N EH R E R eI, Sl R S O R, R
SIEME HAR GRS T S AR, e TR R R E

(3) PTG TR R 0T TE 1 TR A i 5 (TR IR P BB AT S A 3, R B A
I R B BRI, 3 T A AR /KRB R & s o) S i T B s TR i AT T A 3 9 B T R
FEIUR 1A BE 7K IR R B o e &0 T 1) 5 e ) S 7K I T R kAT 5 0, AR e B I R B
JCIA T

HM EAE 52 bR B s TG — 2 £, FER 0 (4 S o0 FAR AR RO ] 8 ERDRS, HE LUK
AR 4 2 A I O SRR A o 78 1L X A b SR PR B v 25 5 7 AR TR AN I B85 K g B — PR
S ITAEE BT Yk, Tk 7E o I T (0 P 78 25 TR S 0 R AR B, 2023). Rk,
DUARECEE RS2 58 B o R SRR, AT A T 2 U B
1.1.2 2 RESEE

N5 AR G K S BT AE S 2 M T vh Kl 4 B e I JR R, A 98 5] NSk ¥ 22 FRUBE 43 )
771 (multi-scale segmentation, MSS)Xf RHHE BT AT FEANKR] 73 . MSS A& — P T BEUR 7 #r 1)
[ R0 R8T, 1l | R R BRI BEE IR, B4 RN EE BT
HH L TA] 7 5 P fe R RIRE G, DT B 47 sz Bk A i b B P 52 o 2 2 2 B R3AIE(Wang and Niu,
2010). 2 P43 #107 250 40 R R e i BB IRy -

(1D #ERHHE: B DEM S o 42 Bk F72 35 5 AN v 1 A SRR I S AR S N B, oAy
R ITI R SRS B . AN, G IX 307 52 A A R RE

(2) ZHife: 2 %5 EIEIRE RN T R TR, TERAUZ . TEAREEIER
5 A R S M LIRS B R 40 1) 45 S (Dragut et al.,, 2014), K584 8 R B @ v B AR
FIREE X RNIMG RN 2, BRREMEZHE, eRERE. @dBrHRE
SRETA E Ja 30 B D0 R AV 45 S I 9T XN g s I B B TR S A RUBERRERA E « I L RUE S
BB R Z AR (R) B3], SRR, ZRENRRSEIRE. B2
ﬁ%%%ﬁﬁﬁ:R=mm®{H%%Joﬁ¢LﬁEﬁE%%%ﬁ%,LlﬁEﬁELF~

JEX BRI T %
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(3) RHEEITHIRIY: MERETFIR, 8 TR 40 XA AE AR AL 115 3R TR A iR
B, P T S AN I D G R ORI R X 3 e i 1 s RRE R SRR i B 5 1
S, BT B A AR A A 57 5 I (R RHBCER TG

(4) JEBRRA S VEA . XIHIERI45 B0 1 B en RIBEAT /0 B A IR S — AR
WAL BRI FEAT R SRR, DLER R S e v A A, 055 SRAS I T X A IR
STV

MSS [IRBE T A E =28 RESH. TRRFMEREMESERE. RESH
& MSS IEHENSH, BEEIE 70 RIE R R ITr RN, RBUEBOS, A i 5
JCHAREE R, A ERBE . ORI E S GRREZ R 1, H T34 R b gk
RRE CANBA G S IE R SO IE CUMROC K FEE(ED XX R & IR R M m . 5% &
DEM fiT4E /it CAnd e Hm)) miARGIE s, TORRHEAL 8 3 5 € 7E 0.5-0.9 2 [8], [
TARRFHE 5 e S Wt 50 70 1) UA] J M (R SCAR AN AR I, 2021) . SREFERCE F T4 0 R
SRR, EVHENL R BRI, B R, BB GBI, B R R (T
JEfRAIRET 71, 2020).

1.1.3 R TT P EREA SR R T 10 359 J At A S o 4 R AIE

£ LSP B Ferhy, R RAE R o0 AR TR 1 i3 B e 5 S o 1t Ao BB R L (E g
FRFLAR, 2017)0 @ THE R s ABREE N 7 CAndg e . LR AE . MREWS) 1T
B, FILASRBZ B TR S R 3R BRI, D9 B AR L 5 A S R e R A SRt A A . 399ME
SRR AL T 5 2 e B A A B RS, IR NS SRR R T IR L T S e, HBLT
PR T — BT St A NGE TR N AR R EGE TR, TR
7 BT DAY A TR (1 2 () A S AR o v PR 7 22 R AR 5 DR A AR B 7 N A A
4K, X FPAR AT RE A EH TR I . MO AT AR . AU S R 5 2 B DR 3R R [RE I 45 2R (Huang
etal., 2021). ItAk, 287 ZE(coefficient of variation, CV)E NbnitE 2 SME LU, 4L T —
PN TR R, FEE T AR SN RIS R 7 2 MR . ZIehr e
5% H 7 AR e 35 (AR (B A S M A KA DR, 6 R 300 5 e 3 v IR X Sk L A B

LA is B CV 1T J7ik, Al DLUSE 4T Hh 20 i R ST A SRS R 1y, 123 18] 43
ARAE (B 2D, My LSP SR b IR SL i 308 . LR G RAL T VEA A B TR 500 3
R, IR REERAG IR UK B ALEI AR, A B A BB A SRS AR IR . X —
SHTHESS, W FU Bete T R G TR M 3 S R e 5 AR R T R R B M AT R P
[BIfFIOC 2R, RTHIE O T R VAl 5 4 B AR P 5 T S
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Figure 2 Mean and CV of environmental factors related to slope units

1.2 RS EY
1.2.1 BENLARARR A

BENLARMR (RF) 2 —Fhbe T BELHRE RIS ) R AR i S B, ReS A Al B A
BEHRBREZRIMAEREXRR, FAER T 24, 288 WHUT % F Bl (Youssef et al.,
2016). K H BEALARMO 3 2 R e T ) BB IR ELFE . 1D BRImRE R R I SRR
s A TR ) Bagging SIFEA S N MIGRFEAR T4 20 FHIEEEG: WML TEE, Bl
WREFR EHCREI m NIRRT AR I RRIE (N T A (e 22 bk, PR AL A&
R 5 3) RGPS THEAREAS S RUREAE A0 R B Gini F80 (BUE B
#1) . MKIE Gini FEEER/N BRI R B O R e 2 R R B e R A 2R, Y
B s MR S R WA B AT 08, BREW R TR A oS s BEARS. W
BORIRESAT MBS , AAKH —RRS BRI RER: 4 BEVRRER ST &
EHATULEPIR CRAEEFE . Gini 5. RESRD TBREF B INES, &R
RN, SRHMRIEE X IBHSL, T — IR T A AR e PEAN R SR . G PR EL A
5N 75 48 HMRZE AR, 0T DL AL IR AE X A AL T 1 B (R DTRREE . b, BRI R
V)2 PR AR B A2 R T R R B A 1 DG B ] 25 (Huiang et al., 2022).
1.2.2 BRPRER SR TTIE A

WBRAS EEHEF (XGBoost) A& — Ik T PR S ML AS 5% 2] 7772(Tiangi and Carlos, 2016; 5~
FEHESE, 2025). ZBEVENTS IR, AR BOHT IR LLIR/D BT LS IR 722, IR AR Rl
RERTREA R TIUMAE 22 E AR NS HH B 2 I TR, XGBoost ¥ H A5 e Han=X( 1)

il

n 1
L(j)zz|(yi,yi(j—1)+ fj(Xi))+Q(fJ-) (1

AXDHF, L2 Dot fikm i, AT MEBNIE g, 5 BAsE Y, < BREE. QX



(5] VR B R A AR T o R DL B 5 AT IR A0, B ) R i ANSEBITESS § X
AR A TNAE, T DR S AR s AN UL s /ME H AR R L O F g B R B I 452 19
BENBARE 7 A K/ RIREA, BENLE SR . % TR o (R RIR 1 4/5 13
PEREAT 5 P38 XHAIER ISR XGBoost, MM E H B A BALE S 40 (Wi IR E 540
TR/ E . BURREC N gamma. RS, DERBRAEMEEM A, 2 XRIE
FIREA AN ZE F (Martin and Chai, 2022; 548 K%, 2025).
1.2.3 RN TTIE

(1) ROCAE AN : 2k TARRHE (ROC) k@it 2 m MUK E (EFHTER) 5 1-4 5%
M (BBIMEER) e R, AL RS —r R ) ) I B8 ) (Hosmer et al.,, 2013). BEAATN &, 8
J&FE (true positive rate, TPR ) AR AFR, 1-K5 57V (false positive rate, FPR){F
bR, RBUSEARLZE BT A T RE B T I REALEE 1 L. ROC #i 2k R IXTII AL (area under the
curve, AUC) S flif B AR B AAPE RE ) B B4R bR . AUC HBEEIE 1, FoRBIA X 48 IE i RE
T8 AUC N 0.5 £ BENUE I . fEAM T, RIIRSERA NERKRIEH, 0~7
REBARM ) A5 AR B (BB T 3 5 K v PRI RIE O SR T 543 2 TPR I FPR (453U,
2021). WG R P AT [0, 11,816 Q WAL [0, 1], FE P> O N, FMINIE, k2

W A . Heh, TPR A FPRFE AR N:

TPR = )

STOEEN

FPR = 3)

KQOMB)H, T RAFEARFNIERP > O MM, ARFEARTNIERINEG FOREARTR
FHP > QWAL BAFEAT N HIIAHL

(2) W KSR EIEARHEZE . BB SRS BIE R A FrvlE 22 SN 800 1) B K
FREE . B THE I Y G R VTR BB bR AEZE, AT LAAR BT F X0 48 TR0 45 SR 1 o i 1k
(Huang et al., 2023). X ELAS IR AN THB7 538 R o3 2 R PEAR B E bR 22, B 3IAF 7
TR FE 45 5 (Huang et al., 2021).

(3) Bootstrap VA THZ R Z: 0 EE R TRz AR 2, A APl HAE AN A
RS bR g P AT AT SEME(ERFL 4R, 2020). Bootstrap 532 FH Tl R R fb 1% 22 it #E
LAFELLN USSP IR B e AT B B, B AN SR Af St 2 rhod e A T8 el el 2B R 1l
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R RIIGIESE, FRHR TR SR 5 300E: B 2 IRE IR, SR1G 2 MM R A 1T
B B X AT H P E . PSSR, LR PR 132 AR %
L H R M. % Bootstrap T MR ERVN, ABAEZ POEMRF R 8 MBI AL RS
s vz AL e
2 B ST X RS SR IR
2.1 B FE XML

WRXAL FIL AR &N, Wi LR NS . mAREM TS . A bR
NIRZ 115°42'—115°58", Jb&hi 25°52—26°17', KAHIAN 583.679 km? (& 3) . Fi& kit
s AR, A TR AR — G oo, BTSSR RN E R PR,
H 2 e A, MG R A AR R AR, RS AT 162—1232.9 m Z A, AR4E
HOEHRRAE, B 9T X AT R 40 AR A G A L e FR R R PR & HTE . TR ih HERA BT DL A
Rt SRR . Horh, ERHOE S S HAL, 295 S S AR 80.35%; LU i b iR I
FUARIE o AR HIF 78 BT i B0 DI F 3 & i v, F B R S AR, ERuEA
141~859 mo ZXIHERAERD R M E R, WA S it sduic, B
ARIAZRAETT Rl AL AN AR JEm pE R A, 8 L XS A . R AL TR
A X e A X R Y, R A R KGR Y U, PR 160 ~27°, AR
BIREKEIE 1710 mmo. T ERM DI F, BRARENRI L, BRER. K
B AR RS ANE A D B O AR R Kt RS B 3 B AERA AR,
M, DLRE B

Bt 4 T R R VRN 4 ¢ T R AR TR AG RS MR R, W R XD B AR, LR R T Y
S, JORA 88 A, KE RN 0.057 ~ 0.344 ANkm? (F 3) o iR G EEE R,
A EEEA 2 1970 45, 1975—1997 4F 6 &b, 1998-2007 -1 28 &b, 2008—2015 4F[#) 180
Ak YR FERFWROZFTE, FEEREGEN3IHETHA (8P .
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Figure3 Images and landslide distribution in the study area
2.2 LSP 3R 7 He A
2.2.1 HEERIR
(1) DEM 4 SR IE T B 2= (A 5dE = (http://www.gscloud.cn) , Z¥[E 3 HEF N 8.9 m, Hf
[B]A 2020 &, K52 RGN WGS 1984 Transverse Mercator. A W FET-1% DEM #4EHEEL T &
FE SR Yim) R th AR A IR B R 1.
(2) BB [FIAE T 2 B s E = (A 54 = (http:/www.gscloud.cn) , Z¥[H] 73 #¥ 2N 30
m, FREUTTE]AN 2019 4, B2 RSN WGS84 3 degree Gauss Kruger CM_117E. ASCHIH %
TEBGCAR B PRI T SO R — A KR e . 3R B P — (R 48 B S5 Sk A

¥

G) EVEBIERIET “HUBAL” RATH P E 1:100 755 -k B RS, TR
B FE X IR TR S

(4) T8 %5 R S A VR T RS B ARk S R4 (http:/kmap.ckeest.cn) A
TR s g, el RO 1:250 000, FHERTE]DN 2015 4F, BGE RSN CGCS_2000. %54 H
THEEUHTE X N BT RE B TR L T R e A M LR
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(5) BEKBHE RV TR EAS SR EHE M (http:/data.cma.cn) AL Gk s W E s, 2EHX
Rk AL GV VY T (RS | VLA (—REED L LR S () L TEPE X E
(Rt YLPEF# (M) RV 8 (—f) , BRI 2010—2021 4E. A
FT bl A T SRS T I X AR S K
2.2.2 S T HIIRET ¥ B e

MM ArcGIS. ENVI 1 SAGA GIS Z88fF, MWEFT X B HEE IR SE Bt 3 . oo A
T KSCHF L MR DR TSNS R BB T (R D

(1) SR FafEmfE. SR, Jm . iz, SPim S a2 3% 6 0. # R,
TR E R S I AL IERS 70 A0 % R (8 4%, 2023). AN ERERE T AT 4 5 3
AV AR S M O R I R B By — BRI AR RO . B R S = N, BT P
CRFEREMEHD BE2 358, MM S 1Ok A ] BEYE(Pourghasemi and Rahmati, 2018).

(2) MR T R EERUAPE R 3 . S BoR, 7RSI RIS o0 AT DX 300 SRR 6
K, T H X A IR (Kincal and Kayhan, 2022). Uk, HbJi Rk &k B R RO 20
JlE AR, BRI AR e B, DT AR R T O T IR R AR BRI T A R S (Fang et al., 2022).

(3) KT L3RI 7 T, OFGFE KR B, WREE S SR — KRR
B IKVUREEAR L. MR IR TR B S DTRRias B 16 5. b TR S 3 B AT IR AR T /R
FREEUTIT ) IR LI B K B s, 3 8UE L ARRUEVE T (Magri et al,, 2024). L, HE/K
FRT, WYORAEMR S KREWEH R AR GRE R —, ROk S SRR, ik
SER TR (B SC AR, 2025),

(4) HFRBH T CRFIBECRHEEE SRED H T EA0Ph TR E . BEEH R
RE MR, DL R WA A KR 5 A2 9 (Guha et al., 2018). A B 7 i i AR & 7752 ]
ek J2 K S 9 G B3 AR B RS E P, T LEAH [R] B3 2% 18 R B AIK 17 3B 5 ok 5 R R AR MR . Al
B RGBS B0 R AN TIN5 AR RS EVE, USRI R (BT A, 2024).

(5) NETREEZHF (B SIEMEIE L) SR A A B8 A .
T B G M BN T3 L g 93 AT A K ST s H8 i B 79 A 1 FH AL A 0 M 3 3 7 1
AT R, P SR R ) )R B R O, 2 80% I R AL AETE R 200 KA
M (p<0.01) (3kFEHSE, 2022).
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Table 1 The calculation method of environmental factors
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YRI5 AT BV . R F8% O B EE, 2023)H THIoEd, REMEE 1, BBk
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Figure 4 River flow threshold and gully density diagram
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Figure 5 Slope unit and landslide spatial location relationship; (a) the hydrological slope unit and landslide position; (b)

multiscale landslide location in relation to the slope unit
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Table 2 Unit slope landslide area and shape feature parameters with history

Mg | =HAE - ‘ﬁﬁ/kmz — RIEH
PEME | ARiEE | ROKE | RAME | CPIME | MRdEE | BOKE | BROME
(6,0.8,1) 0.021 0.014 0.141 0.001 21.113 3.587 48 16
(6,0.9,0.9) 0.026 0.017 0.167 0.001 20.967 3.183 44 16
(6,0.9,1) 0.024 0.016 0.158 0.001 20.626 2.987 40 16
(7,0.8,1) 0.027 0.018 0.178 0.001 21.863 3.843 52 16
(7,0.9,0.9) 0.033 0.023 0.241 0.001 21.727 3.424 48 16
N;;S (8,0.8,1) 0.033 0.023 0.230 0.001 22.576 4.043 56 16
(8,0.9,0.9) 0.041 0.028 0.336 0.001 22.434 3.633 50 16
(8,0.9,1) 0.039 0.026 0.271 0.002 22.023 3.448 50 16
(9,0.8,1) 0.040 0.028 0.346 0.001 23.231 4.269 56 16
(9,0.9,0.9) 0.050 0.035 0.401 0.001 23.068 3.823 52 16
(9,0.9,1) 0.047 0.032 0.348 0.001 22.621 3.650 50 16
HM i% 0.176 0.215 1.752 0.002 29.545 12.674 154.747 14.606
T _— 0.012 0.006 0.041 0.001 15.450 0.990 21.158 13.912
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3.2 B A ITTHE R R T 4T
3.2.1 REEE USRI E F 72 M 7 R 2L 54

ISR 2 R AR L N 3R . AR FCLEREAT LSP I, 75 20K S O R R P85
R IRE 2GR T R CBR TG, AT R SR i AREEAIT ST X R 3, AU, X
NDVI. NDBI. MNDWI. &f2. . Py, g, P, SmmihR., E\REs. @ik
B, MBS MR, KRR TR . HORIRIE . DIRs RS Ak
B KA 18 ANPREEEE o o SR 5 0 N I SR P IR 1 (R AR AR I, 23 S RO SR P PR S5 A
THIEM CV, BHBENIA S mAE RS, 18 NI T4 N 34 AN T
Hof, BT HM A MSS SRR, MR A T T 12 Fh. MR R
ZHE T3 8 P HAKSCHEF 14 %0 (B 6) o X —7730, 0] DL A 21 i R 50 A FR R
58 DR 7 [ 25 [ RFALE

X CHREUN 34 ANIRSEE FHEAT B ARAMEICIE AT, S BRbi RE S 2 o P P 85 B DA 2>
ZEILENE, ARET AR R R (B D o R AR OARSS IR TR, M
HERERIAHOC R RHEBMEA 0.8, 0.5, 0.3%5, S5E Mk GRS, 2024)F1 2 L R H4
SHE BUE HEAT S50, BV ¢ REZEXE BIE Y 0.7 RSN 73R s it . HM A1 MSS
VB ¢ R B RHME /N T 0.7 B TN 24 A (32 3) o AT BRIGIF R T R34
M, BT Z K AT (Variance Inflation Factor, VIF) 1% 2% (Tolerances, TOL) (Li et
al.,2021) . 2 TOL>0.1 A1 VIF<10 I, FEFRIAASFAEZ HILL AN, B SPSS 19.0 Ff4 ALtk
ST SRS TR, THE 24 NSRRI F 1) VIF A1 TOL, Hf2En) TOL f/hJF B VIF
R, YR8 0.421 A1 2,468, RS ILLESHIRE, 5HMPRRFRAFEILLELR.
Ik, 24 NS FiE I SRR RIS, I H 5 R R S 1 45 R — 2

# 3 HM-based il MSS-based 12U O¢ REAE XA /N T 0.7 FREEA 7

Table 3 HM-based and MSS-based select environmental factors with an absolute value of the correlation coefficient less

than 0.7
R I MSS-based HM-based
7N - MNDWI. NDVI. SPI. STI. TWI. i & . A2, WVER . i,
2 BN N, P iy
15 MHEE ., BRE. WHIRE . “FIIMK. EREE R Bnl. A
. MNDWI. NDBI. NDVI. SPI. TWI. B E. &2, FHME. WE. FY
B R .
T FE7K

17



N E_CV

NIEFEE_CV NDBI_CV
o501 o 26.12 U 15
—7 0 —7 0
10 S 0 g 10 5 0
— Km 1 Km
k 1 N,
At MNDWI_CV'
® Bt 05
O i att | e
O®EaEsaY i
4 @ 7Kk ()
10 10 5 0 10 10 5 0

Km

Km
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Figure 6 Basic Environmental Factor Maps: (a) Elevation cv; (b) Slope cv; (c) Curvature cv; (d) Annual Average Rainfall
cv; (€) TWI cy; (f) River Density cv ; (g) Road Density cv; (h)NDBI cv;(1) NDVI cv; (j) Aspect Majority; (k) Lithology
Majority; (1) MNDWI ¢y (Environmental Factor such as STIcy and SPIcy are not included)
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Figure 7 Heatmap of the difference in correlation coefficients of environmental factors between MSS-based and HM-
based
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Figure 8 Importance of landslide environmental factors in different models
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Figure 9 landslide susceptibility drawing; (a) MSS - RF landslide susceptibility drawing; (b) MSS - XGBoost landslide

susceptibility drawing; (¢) HM - RF landslide susceptibility drawing; (d) HM - XGBoost landslide susceptibility drawing
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4 vHiR

WA XGBoost F RF AR TR 3 5 e 1 45 AN 58 PEARFE,  MSS Rl 73 R S TT IR RS
FEAER, PRBEIR 723 0] 3 T MR A 55 2 /N M FE T JR T i
4.1 AH ST
4.1.1 ROC ¥ B

PETEER (B 10) oR, 2T MSS JiiAlrrIR T, XGBoost BN EE E
AUC fHiA %] 0.846, RF %N 0.837; 1M+ HM Rl R H G, XGBoost Fl RF FE R[]
WA AUC fH73 714 0.719 A1 0.656. MSS J7ikfE-THE R MERE Ty T BAA oA RE IS, T
WK WA s S5 AU 2H 5, XGBoost B (1 IS B2 3575 T RF B, 26T~ MSS 1) AUC 8
2t 0.75, MR4E Hosmer et al. (2013)%& H FIHIWrbriE, 4 AUC>0.7 I, #5285 A B i 1
e
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Figure 10 ROC of different combination models; (a) MSS-based model; (b) HM-based model

4.1.2 ZF Bootstrap FIBEIZ LR Z A

K H Bootstrap FEALAHFE 1000 IRI T, X PURPMH SR RZ AR ZHEAT 1 2L, o7
flifabr T UERAE . drtEZE & 95% EAEIX (8] (CD , BARZERME 11 fros. BL MSS &)
Ir R T B, XGBoost BRI AL SR A MERE, PR L 0.742 (95% CI
[0.674,0.807]) , &3 =T MSS-RF [ 0.737, [RIFNZAEAbRAEZ N 0.034, {&F RF [ 0.035,
ENEMRIRRE . £ AMEIARBE R IT T, XGBoost THHERAE 0.710 (95%CI[0.640,0.781])
iF HM-RF, {HIEPEGEFEFRY B ZLT MSS J7rvk N xRk A, M E {7 X 18] 5t FE 23 #r
MSS-XGBoost ] CITEFE (0.133) % HM-XGBoost (0.141) 4%, JMt MSS J5i% F A {1t
(IASHA SE A . 383 Bootstrap 231 BAIE 1 MSS RII43 7 : 7 (-5 TS B 1) [R] I 2 35 4271 1
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B ARPERE, RRBITE MSS J7iE R I R “AS BE-Fase it 4.
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Figure 11 Comparison of Model Performance (Average Accuracy with 95% CI)

4.1.3 W 5 R IR B EN IR ZE

fE ArcGIS 1, it 7y X Gt it AR T 3R T MSS—XGBoost. MSS—RF. HM—
XGBoost Al HM—RF PURf T30 T AT FEIX I3 5 AR FE B B ShruE 2 (AL PP B AR E
MAZSFEMED o PSS REN], DU TO0 T A5 A0y 0.358. 0.372, 0.375F10.396, K PIYM
TR EBEAR _EXPRIEFE X 3 2 R AL TR A B — 8. AR, At 22 i 45 R 2B 0 22 5
39 0321, 0253, 0.311 M1 0.251. FrifEZE St 183 o KM Fa BE 25 6] B 32 AR L
XGBoost 1A [{)bx#E 72 Wik T RE AL, 3 B L T0M 25 SR BN MESE R, %of Jm) i b 35 B
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Rl 22 . WHALIX N, FE A LR o IO AP 5, RHEECE AR B, T S 4
SRR s AL OB ARER T B 2 LA R B o 3, HTRRERE, DD sk,
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S22 e AR AR PR FHEIN 45 R o NGETE A1 BEN 35 5 R MEFR B b e Z2 45 SR it — o S 1 Y
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4.2 2 RS BIERTNE I 5 R AT ) 3& o ik
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