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Fig. 4 Dynamic susceptibility mapping process of landslide
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SVM %&fﬂ% :ﬁéﬁ%lﬁﬁ,m’fﬁﬁé—’fﬁﬂ':tme
i FEHLFR T %=42
Stacking Fe2f 3] 2=RF SVM LR, JC2% > #8=LR

(RF-SVM-LR) FNMEHAE=True , 5732 K373 LRHIE=7

3.3 EBRETME
SZAH AR A, S — PRI 2
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BALPERE R EDEAL T B, il 2 i) B R SR OE
R[] 56 Bk JE s A5 A TR AN [] 13 (BT A 3
(BE—JL 25, 2025). EIEFREKR SEBR N IE 5] B F
AR RS L B O AY LA, AR I AR R AR S B B 4]
B A A v e R S ) L . ROC T iy T AR
AUC (Area Under Curve) F T 12 fb AR BY () % 4 14
fE, AUCEBE 1, BRIPEREHLS, 2 AUCIHL
FRAZT T 0.5 0, BIAIRIAE[E TREVLEI . ROC
M2 B 0 R AN 2 N S, RE RS ELUL
S WA ARIEAN ] BT A9ALEE (Pham 55, 2017).

3.4 HEEZHFF InSARJFIE

SBAS-InSAR J& —Ff & F 1 (8] )37 51 43 B 19 B i
LARFIR T WM ER A, FZHT R %
IS (Berardino %5, 2002). HAER)SAR £ AH
AR SE, R /N L 4L s D B 23 A
B2, T O RS B b T AT E R .
O JBAR S T A AT 0 SAR B2 15 412 IR 23 ] S 4k 4
S VST ] ) B A5 B A SR U AL G i 2 ATkt
3w FE 5% (Golub A1 Van Loan, 1996) 45 )51k
R R E TR, FRE R FA LB, g
e EE AT MR FE S B A BE R, TR T ORVE M. R
T IX ST AS I (400 45, 2024b).

3.5 #84 SBAS-InSAR B ARHBHEES & HETEM
R T REAG S e B R PR MR B M R 2%

W BRI SR A {5 BN 5 K PRV 25 SR AR 4 A
VR W S B AS 5 K PEVEAY o AR TN ) ¥ 3 ) B
RMEEER N SAER, i WARS &M R
R B RN mAEN. WESEE (Wei
As 20245 ZEE AR 2026), HIERIEASHARAS K
SAEG, RlE: RAVEIE#E (0—10 mm/a) |
A HE (1020 mm/a) . AL BE (20—
30 mm/a) . FASTEEEE (30—40 mm/a) . W ASTE
HE (>40 mm/a) (ZhouZ, 2022) (K 6). ZA&HF
ST JEAE (2018) Fl Ciampalini % (2016) FrH
RO P 7 %, T X e ] — B 2 JE X ) L o B 5
P T HF 5T X B IR o 76 A A v B 1k 4%
PR, G RN RS SR, ER
TCRIAR AR T 8 32 B 35 8 N o5 AR vh 48 5 R PRS2
KT, SRS R Z S K E YRR
eI AR, AR, SRS KRS
G TEAR AR S RS HRAE T, oA
Oy RYEEH SR 5 RS RIEAR R —5, W
o I AR R R B A, DA TR R R R
0 JRUBSE o 22 B 11 40 ) B 7 3 3 5 A b AR TR
S, AT BT Db T AR T R RRAE 1 500 b K
Gt TR, O T ML B o S KRR T
PR T 200 InSAR B s Bk, X oKk M )
B S 28 T 114 DX 3ok 4 4 HL A 1 B R PR (8
A 58, 2023).
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DA Vacl N mEhas okt Wimshas o s
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DA Va1 =30 o At
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B o R &3h o Ktk
B o R {32 5 B
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Ko Mo Rk sh &M AR

Fig. 6 Dynamic evaluation optimization matrix of landslide susceptibility
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(a) Multicollinearity analysis of factors before elimination
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(b) Multicollinearity analysis of factors after elimination
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Fig. 7 Multicollinearity analysis and variable importance analysis

LR 75 TEAR M AG 96 45 SR A R = Ik A2 X114
A, DIBRMIE IR | R . R 34
T, B 205 25 5 Z T AF 45 A0 S B {1 20K
(7 (b))o e, KW, SU%. S, &l
e, PR, FERAE . WA S A
Pe. MRS R KRR | TR i
P R - M S Y A5 13 T 1A AL R W B
PR AR

T EFEEETEN
IRV 3 AR IRV 22 PR R S R A 25 23
(EANTR] A8 R S ) sk AN ] $iﬂ%$ﬂp
Xt BEHLARAMAE Y ) i B AT R (K7 (o) —

4.1.2

(d)). HrpwEf, M, WREE . R
X 44~ F SHAP{H A 4 5F K F 0.05, 8
T (B7 (e)), WY EER EEEEH T
e A T B Y DT R EE RS —, H SHAP{H7E-0.5—
0.3 Z P8, BAVWREE (LIS RmR) X
A ELA I 0 E ) 52, e R A X AR X
AL LB AN s A T A SHAP {H7F-0.4—0.3 2
(3 3, AR B DX A2 2 T 3 R A, P XS R
25U e B R, N TR R [ L fE

89 F AR, ORI E R A W
SHAP{HE7E-0.4 F10.1 Z %3l , WSR2 5 &
A, BEHTREKRRSRA LR, BH
0.5—1 m K AR R = A= sk 7, A ARz SR
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RS T SHAP [ 7E-0.3 F10.25 2 [a] )%
7, Y KAERE A 1100—1400 mm, 7—9 H 5
BHE60%, FMIHAEEY & ik 35% (-7 (d)).

4.2 HERWMZESEEITMN

4.2.1 HEWEMEFE

e 30730 m 7 BE AR AU MS A PEAN BoT, 78
ArcGIS Hof A0 5 B9 13 MTM B T H 402, IF
PEAT ZAE R R R A, T 5T DX R 9 1
AR KT L AR TTAE o A DA A 11 DA A 250 )
ABAE, Rme kA (e 1, AR 0)
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(a) Random forest susceptibility assessment results
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(¢) Susceptibility evaluation results of support vector machine

AV Ryt AT W e oy e PR RS (JREE, 2018) .
V5 Vi I A S B AL A3 PR 4Y, 70% A 1 Ry
WIERFEA, 30% BB AR MHAFEA 50 IE 5 Y
RPERE . HE LR . B EIE . SZREm
AL 3T —HLER B AL, DL S S o AR A A
Stacking (RF-SVM-LR) #E47 ¥ 3¢ 5 & P 3F-fi .
W5 T 45 R T AreGIS R AT 02, Bl
WAk oy & IX. (45%) . A5 KIX (25%) . b K IX
(15%) . Fizm kX (10%) . WEms KX (5%) 54>
B (FBLAF, 2024), & MEHIE) S RV 45
RE S (a) — (d) FiR.
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(b) Results of logistic regression susceptibility assessment
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(d) Susceptibility evaluation results of support vector machine
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(e) ROC curve of model training accuracy evaluation
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(f) ROC curve of model test accuracy evaluation
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Fig. 8 Model modeling results and ROC curve
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K8 (e) — (f) Fian., Stacking (RF-SVM-LR)
R 45 5% AUC 47 0.953, FlHLARFK K 0.949,
A ALY 0.943, B EIHBIE R 0.884, XL
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B MR RY RN SL Al 3 AR T 0, A s 2 B R ()RS
A BT, HRBEALARAR . S8 ) LA
o] P B B 45 SR T T 0.4% . 1% F16.9% ., 7F A5 Fl
MK, Stacking (RF-SVM-LR) #%1) AUC {4
$70.954, FEHLARAR N 0.943, SHFH LN 0.940 .,
T AR Ry 0.884, B R ) AR X L RE AL AR
MR SRR ) AUR 2 B A AL T T 1.1%
1.4% F16.9% . Tl 45 53 W] 5 il AU g £ - 1ot
KR, ATDERS #f G iR T 541 m H +
ZIAIARRPE R &

4.2.3 W&t A

Xk AN TR A58 250 1 35 B T AE 45 S A M 25 R 4 o3 A
WOBEAT T4t (FR4), 4REW, WE S ki
YA BT, W & g O, Ui A%

BEAY 55 SR 3 o A AR DL G by AR o S A
RUTEAR 55 5 & DX WA 56 L 3y v PR ALAR AR . S8
Ii] g AR 2 4 Rl AR, FERRAIG B & IX B R B
BlF ., Stacking (RF-SVM-LR) #7655 5 &
XA 5 513% ME T KB T 64.91% T3,
W LGRS 12.658, L TRENLARARAY 9.475, #4H
[l U Y 5.644, S HLELALAY 12294, JfF H
Stacking (RF-SVM-LR) M AK 5 & X i i 5% X
SRR 45.35% , AR A 12 X BEE AR 4341
WA AR 0, T REHLARAR . 2258 [m] 5 F0 S 4y
] LA 19 0.001, 0.026 F110.037, 8 i % 4 4>
BERY (A% G h 25 AT X b, A5 B4R ki T
RITE S 5y R IX o B ot i, TEAR S R X AR5y
FfeA, HAEABEETHE Y b BTN RS B .

F4 EERWESET
Table4 Model grid statistics

by BN T BB W XM A% %L TEFY L B ARG SRR X LA WL
BEHLARAR

WAk o & IX 12 315268 0.00 0.05 45.79 0.001
o kX 160 165245 0.05 0.67 24.00 0.028
g kIX 2466 109037 2.26 10.36 15.65 0.662
o RIX 9413 70823 13.29 39.53 10.17 3.888

Wt 5 K IX. 11762 36319 32.39 49.39 521 9.475

872 Al S|

WAL 5 K& IX. 277 307481 0.09 1.16 44.13 0.026
5 k& X 1796 173138 1.04 7.54 24.85 0.300
g RIX 5568 109938 5.06 23.38 15.78 1.481
5 5 R IX 9223 70131 13.15 38.73 10.07 3.846

e 5y K IX. 6949 36004 19.30 29.18 5.17 5.644

SCREm AL

WAk s & IX 410 319923 0.13 1.72 45.92 0.037
o kX 1080 158112 0.68 4.54 22.69 0.200
o RIX 2042 110085 1.85 8.58 15.80 0.543
Fo KX 5525 73424 7.33 23.20 10.83 2.142

Wt oy K IX. 14756 35148 41.98 61.96 5.04 12.294

Stacking(RF-SVM-LR)

WAk G K& IX. 2 315982 0.00 0.01 45.35 0.000
K5 K IX 28 172697 0.05 0.12 24.79 0.005
g KIX 805 100718 0.98 3.38 14.46 0.234
o K IX 7521 71569 10.42 31.58 10.27 3.075

e 5 & IX. 15457 35726 42.33 64.91 5.13 12.658

4.3 SBAS-InSARIE

43.1 HMRXMRETERRE
T SBAS-InSAR K 3 (iR 25 SR 0, iff

7% X B Ik PR ] 26O A8 3 % -92.27—71.02 mm/a
(9 (a)). HH InSAR BT 0 W 156 BF 7 41 1)
ST DA I mEE s, /N 0 A 1] 8 25
TEMIT Mz, WARRNGEITZERER,
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Fig. 9  Surface deformation rates in the study area for each time period
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Fig. 11 Landslide surface deformation rate and time series of point displacement
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Fig. 14 Comparative analysis of landslide susceptibility before and after optimization
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Abstract: With the operation of large-scale hydraulic infrastructures, many slopes located in reservoir areas are prone to deformation and
failure under the influence of fluctuations in the reservoir water level, thereby seriously threatening the safe operation of hydraulic facilities
and possibly leading to more severe secondary disasters. Therefore, conducting accurate landslide susceptibility assessment is of great
significance for landslide risk prevention and mitigation in reservoir regions. In this study, a refined dynamic landslide susceptibility
assessment was conducted for the Zigui-Badong reservoir bank section of the Three Gorges Reservoir area. First, a comprehensive landslide
inventory was established on the basis of long-term field investigations and historical records. Subsequently, 16 conditioning factors,
including elevation, slope, and lithology, were selected to construct a landslide susceptibility evaluation index system, and an initial static
susceptibility assessment was performed using ensemble machine learning methods. On this basis, long-term surface deformation
information was retrieved using the small baseline subset interferometric synthetic aperture radar (SBAS-InSAR) technique. An optimization
matrix that integrates susceptibility classes and SBAS-derived deformation rates was developed to couple static predictions with dynamic
deformation information, thereby obtaining dynamic landslide susceptibility results. (1) Very high- and high-susceptibility zones are mainly
distributed along the Yangtze River and its tributaries, and elevation, vegetation coverage, distance to rivers, and rainfall are the dominant
controlling factors for landslide spatial distribution; (2) compared with individual base models, the ensemble learning model more
effectively integrates their advantages and achieves the highest prediction accuracy (AUC = 0.954); (3) the dynamic susceptibility results
coupled with time-series InSAR data can effectively correct false-negative and false-positive errors in static susceptibility assessments. This
study improves the accuracy and timeliness of landslide susceptibility modeling and provides a valuable reference for the dynamic
management of landslide hazards in reservoir areas.
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