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Abstract: Landslide hazards constitute a significant controlling factor in the development and utilisation of land
in mountainous townships. However, research into the spatial development of landslides and changes in land use
within these areas remains insufficient. Taking Yunyang County in Chongqing Municipality as a case study area, a
landslide susceptibility index system was constructed based on 773 historical landslide sites, incorporating nine

influencing factors including elevation and slope gradient. Susceptibility modelling was conducted using random
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forest and logistic regression models. Based on land use changes from 2000 to 2020, the Apriori algorithm was
applied to identify association rules between susceptibility and land use changes in the main urban area. Results
indicate that average precipitation and elevation are the primary controlling factors for landslide occurrence. High-
risk landslide zones within the study area predominantly concentrate along the Yangtze River and its tributaries, as
well as road corridors. Association rules linking land use conversion to construction and agricultural land with
high-risk zones exhibit high confidence levels. Mining landslide susceptibility and land use change data clarifies
the probability of landslide development under different land use conversion patterns, providing a theoretical basis
for landslide prevention and mitigation.
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Explainability analysis.
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Fig.1 Distribution of landslide disasters in Yunyang County
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Table 1 Scale and proportion of landslides occurring in Yunyang County, 1955-2021
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Table 2 Data sources
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Fig.3 Causal factors of landslide susceptibility in the study area
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Table 3 Results of multicollinearity analysis for causal factors
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Table 5 Association rule mining for land use change and vulnerability grading in Yunyang County's
main urban area
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—— Logistic Regression (AUC = 0.711)
Random Forest (AUC = 0.882)
----- Random Classifier (AUC = 0.500)

0.0 0.2 04 0.6 0.8 1.0
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Fig.9 ROC curves and AUC values for Random Forest and Logistic Regression models

2L G 19 B AR T B TS 55 R DX RIS T 3 ¢ 56 S B AR S O, I3k 6 Fion . IR
R LR B, RF AL IAR 5 K XA 1%, LR BIMRIE S R IX S 15%, ST Ea K
X A 5 2 A IX B 3 ¢ 2 Bkl , LR AU (5 B 21.11%, 10 RF B8 (5 EL N 62.90%,

B E S 5 RV X A DU, RF B S RF & 20 U5 SEBR TS DL o
R 6 PRI T IV S g HE A 1 DL

Table 6 Distribution of landslide hazards under two modelling evaluations

MR 50 RN T AR T A Ee
WA 5 K [X 12,861 19.50%
K5 KX 17,846 27.05%
LR g KX 21,332 32.34%
& 5 KIX 6,446 9.77%
e 5 KX 7,482 11.34%
WA 5 K [X 594 0.90%
K5 KX 5,481 8.34%
RF g R IX 18,294 27.85%
1 5 KIX 13,034 19.84%
Wi 5y KX 28,280 43.06%
4.2 BRI B RS T

4.2.1 W 5 REZ B AR

MRYEEARVEAN TR RF BRSO BHF 7C X AT 3 5 I VRAN, R B B R IX A
FERTLHT R, 3K 2 BT VR 2 R 7T 1 Jo S T Bt XA K 2 3 R K S 2 A, AT
WA, RN A TREEE AR R T XA, BR T 3t Aee tE, H9hn 7 ik E R
EREER . KT BB SRFESMEN, WHE 10 Frm. WNEHTLUE s % kK XA
W5 o A DX THIAR (5 W 78 DX T AR 1Y) 9.52%, HR AETE I LUl il 62.90%, EId 89% (1T 3
BEPTEAR 7 A THAR 28.90% I, s iR g R IX, JUHRERE S KX, DA E 5% TR &
BT 40% MR E, RILT ORXIE. SIS KT HIRHIE.

Gt R, EFF AN, BT 90% i HE R TS E SR IX, WA
AR ARG, RIBEE 5 R VRS BRI iy, MR R s i aAs s, K
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Hrob R 2 A X S L A il 9.0395. M B K ME R “ &7 TR, BIRRAR 5 A IX T
R PE R B35 5 R AR, W 2 A XA o AR 48 2 e AR v
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Fig.10 Statistical distribution of landslide disasters in Yunyang County

422 WHR B FEERSHT

TENLAS 2 )0, T AR It A2 AR A RE S S (LT I . 3 I PRI ARE, i I L Tt &5 SR 1) IR
R, H A0 L0 AT R 728 AR S A TR L B R I 4 S AR Y | S A R AR Y
SHAP {H%(FMESESE, 2023). SHAP & —Mal R RR, HMS KA HATF K Loyd
Shapley % T 78052 (T W55, 2025), fE N —MERBEMEE TR, ErZ0EERE
ACRFAE XS SR 285 SR )3 BRoTBRE, MTTTE 42 R 5 Jm 0 J2 TR S TGS “ REAEASEARY " N ZEHIL I (1R
NEHT STEW 20, SHAP IR Y , AR SR ANRRAE A A X B 4 R SR R DTk 5
BERTREAN TN AR, A5 HY 2 25 ponf B2 T 45 5%, 1 SHAP (AR 7 & ANRHIELE R B FE A
o) BAR BB DTk . A TEAE B SHAP B8 3047 PR () PRt 20 AT, 6 VP DRl -k AT B 2
HEHET, W 11 B,

SHAP &, 158 r] & T 5 B R 7 DRl 1 A AR i L B2 M s 52 E1X) DR /0N, A T sl 2 JE e e G
FEANFEREA A ER —SE, IWEIFRT UG t, P2 B R e i ] b S 30 e v L e S 1)
AR, 3 SHAP {E VG 2 KT HARK 1, HEEREA R ZE G T 1E SHAP XI5, &
oe T 2 A A 8 XV B 2 R 1 ) i A DR, g s FE K HAE A R A T B s FE AR
PE, SRBER G INSAR R &K, Hlgs s LAARMPIEIRE, WMERBHRKENKE . @it
ik, HEfEreARSER T 0otik—0, (GEREAR I 2% B1E SHAP {6 X485, 3183
Gy RAETAR— s FE X e AR S il s R O X SR 1, i i N RIS B R
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WACTEE B S B BB W T3 50 A A R e R 1 4 o L/ 2R P R e T B B )
MBI T SHAP {ERIJT 1A, RUIK IR M A R AR R SR B F AR AR RS AR 42
PPN 0 T OR AR R AR . BEACK T, SHAP W RF I MY 8 7 1 78 X T4 5
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Fig.11 Analysis of the Influence of Evaluation Factors on Landslide Susceptibility: A Swarm Map

4.3 LA HBUL GERBTRERIRR

SRR 25 TR 0, N JSH ARG 3 T B0 S0y ARbk FH b 5 - 1 R AR Ak [ )
I, 0PI AR e = R — e FR RIS, RS M S R o S AR bR
FAR R SRR S AR, R AN A BSOS AR BRI, o R s B A T
A S TR BV o AR ERFRIE AR & 1 RIRBE R, HRIE HZE SR I AR 2 M 2% 1
T I 5 AN A RO S R v T AR AR R R [R)INVE E TE l T FR UE AT s
YER . BEAN, ARMRGE AT R (R0 B DA SR A 78 s 11 F e A R B AR A K i, D P Ty
NETA, B HFLBRK R 7T IR T, (SR AL T A X A2 8 IRZS (Lehmann et al,
2019); UFRMBERERRS, XPHRIRM A Pon A RPIA 2T 2k, MR E e 215591,
ARG Z AR LRGSR T AR, BEAARPUBIAR B IR RIS, R E I B3 T . IR
A R P BB A I O I Sk RN R B0 P R 1, I B 1) LARRE Bl 2 BRI AR ¥ 75 27
i, PRARARPE RS E M, B SISO T KTIAR M ASE K2, BEWT T R mi it 3 28
NBIE, R HEK RS20 B AR K AR, A R AR = i DX IR DU SR A, 3
THLBRKIE ST, 575 K BA R R MR 2 3 (Glade, 2003; Zhang et al, 2019). 4% H [X 35
AR A TR 7 5 DI, (ERAR R RV EY) TCT AR R AR R S5 A A T A, 5 B el K3

B FIRERE S, SPECHIRAEMIAEG S PRI T RS K, %L, TR
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T VEEICEN FS (AR RO B 78 5 B A TRI N B, b T R Z AR A e 20 B (R, WK
SRR A SRR PGE T, SN AR B IR A R IR R T, SRR R A AR
o GRRBTFRY], P s B X IR B PR 55 e RS2 AR B AR AR S AT 8] 33 e A i )
TS R A, A AR E I H SR AR 2 5535 H0 1 V5 3 (Begueria, 2006; Chuang and Shiu, 2018;
Bozzolan et al, 2023;Liu et al, 2024),

25 LRTR, BRMREEAR g SR A B 2 L e D R 56 . U R OK SR A AR
et T, BRARSBAR I 22 Ak, N O AR RORERR . R, AR ORI PR R T AL
ERE, B S SRR AR b R Re KR ) S 55 I v B I, TR S VB A fE o

5 &
R AT 5 3 0 B L b PR A AR 2R R A, ML R T A Y 5 ek

PN REHUZ IR T TNTF, DL =B EAE AR AIX, RABEVLRMEEEY 248 [
VAR R v 3 5 R AR VPR IR El b, R Apriori SIEASHRTE 3 2 R A -E bR F A4k
I SRR, 3B LAF 4518

(1) BFFLEPE ROC HZA AUC (HAHATREFEVEE, XL T R, BEHLARMAEIRY (1 7
MKERE (AUC=0.882) T @ FIFHA (AUC=0.711), FL1ES 5 K X A= 5 K X 1
KE s, N 55.46%, BENLARAMGIELGE DL B 4T 1R 4 X g

() EESH fRbrA R, PN R EBEE, HOEEE. Er i
PRRIR YR R P Rl b, B8 T I I S R PR R (R A AT, e B R X R AR R PE VL K H
SCRIERHLIX, B EMX Z =R EX &K, BRITESREN, ANRTREIME, BT
TR F R MIX . A, TERELRFM, BT ANSHHAT AT . RIS, R
TR X .

(3) KRNI IREE BRI, T3 R LR AR — Bk R, LA
HH AR AR HD A 5 A0 g e SR M R A FH S 50 3 v 2 R M B B ) ORI . LR,
HO R FH AR AL P R 2 S mm i RS e M, HET RIS R &, NS LRRTE 2h T 3500 - i R F AR 4k
YR FERIRE BAEEAE, 18I B AR R AR I S RS, AT =
BH 2 [ b2 (R R SRk e SR S 4%
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