Ha4 H3W W I3 Vol. 44 No.3
2025 4F 6 A CARSOLOGICA SINICA Jun. 2025
T/ N TR B FTF InSAR AR 5 FEHLARMRIA I 0T T BE PG BO i 3 A B0 0] LA, 2025, 44(3): 609-620.

DOI: 10.11932/karst2025y001

4

E T InSAR AR SN ARMRE X F LRI
1< BE P £ iR 3K FE B PEVE Y

FONE R BB’

(1. PEERKF (FRR) 5%

2, Ak XX 4300745 2. KTk F KRG R

F 1%, #db KX 430100)

i + DLIE VL 0 B FH 0 BT 3 B 3T X 4, 2R ) SBAS-InSAR $5 A 55 B AL AR MR 53 15 4 45 & 9 174

Tk, u,ﬂiﬂiﬁﬁ:jﬁﬁﬁﬁm XI5 X 3 A B Ak HE AT B2 E A

PP 2 | M TS | K303k

N2 TR Bl 45 DU K2 3L 12 A PFA B 798 B 1 S F 5% DX 0 B 1 60 Pk DEAR FR A, SR FH B AL 2R ARASE
TUDTAr ¥ 5 A5 B, 5 BT M 455 780 vl 9 30 O B 0 2% L R R B A R A5, I P 9508 Sentinel-1A 7R 15 5
i, SR F SBAS-InSAR 75 ¥ 3K HUSRc BT (04 b T A5 T2 25041 85 A 4% 0 DA 485 200 v i) i 3 i, &5 R 3R, B
F InSAR Fi AR 5 Bl HL 7R AR 32 09 1 3 16 B M SR A AUC fH 0.90, iR . I A RO E T
b T R A S T A 0 o B, AT LA BORE RS I A% B 9 U R A A AL B v A e SR S
KRR : M YE; SBAS-InSAR; Bl ML AR PRIT 15 & B PR VEAL 5 WYL

BT A M LA T SBAS-InSAR 5 Bl AL AR AR AR 25 G 9 7 ¥ 1550 YL S BH VS BT B A I
JLrfr SBAS-InSAR 5 ¥ B I T Hb 5 ¢ 5 e 6 1k VAl 00 B ot AL 2R AR O R B IR T A% G T A0 A5 2R
VLK B 220 60 ¥ B R B SRR AE TR G AR 2R G R A B

th & 4> 2 S . P642.2; P237 X EAFRIAAD: A
XEHS:1001—4810 (2025) 03—0609—12

0 35l

il

THILR)E TR — 2, H ik B T
FINHEEE N, MR Bt = R
EURE . Fig 500 A iR B AR B 25Kk A A
WA IR EE R A T IR R R 2 =& RkIRE 7@
F, 72% LA b i B AR R T X, S R )
A X . WV E PG R AR, R DI LA, A K

423 km, KPR, T2 B T 38 VLR i A IR DT

Ly g 0% 1) 25 v HUSE, R R VS VL R PR B, & F
FHRE mBEA Y, X RCAERALERT, 35
FIZV AR R V%, W sh R AR V& W) 2 0k AL e I

=N 5;%%%\

T B (R IR AR 55) #7178 (OSID ):

FE R T HERUA, MERLUT W VLR Y SO, e 18
KA AC R i, s 0 35 . AR HERR | Hhz S5 i 2,
FERT IR R UL 55 00 & LA RS ABOERZ

I RHEBUATR E ML 22, W 5 e A= T 0, ﬁn{ﬁa:jl:ftt
BH VG Ber i Ll iE | P A XX R A
DX HA AR T S B 16, — LR T Y et 3 K B
6 A0 T A R YA — B T BORS HE B IR Y
Kbt

B G0 14 8 S A S P DA 8 5 DA T 39 ) Jo

(PR B2 S IR 2 (AR 9 07 T 2 4 @4%4"&:
b5 3 S 0 A A R, AR A 2 R X et
W o A F B fE R EEg, H IR B 45 2

BEBH -S89 L1 DX LI BT AT R M 2B SO e i Rl T A5 (DQKJ2023-4)

F—AVEHE TN TG (1988—), 5B,
Wk H391: 2024—11—01

g TR, PHAFgE A A, 22N SO PR B 2E TAE . E-mail: 362757097@qq.com,


mailto:362757097@qq.com
https://doi.org/10.11932/karst2025y001

610 AR

2025 4E

i ENER: S RSN S i RN - O [ ]
RYEURNZE A R ORI S SR, W & R
A AL 2 AL T G S R, A SRR Ok
PP RS B I AR, R AR FIAL A% 7 > H R
PR e, © 2838 W oy ] 11 W 0 fa B VP ARY
AR X W 3 2 B s AR e MR

T B e B M A5 AN BRI R b 3 P K]
5 I S R L H B P s R —
9 By A SR A Py s i, Jo ik B RO s
KRl SRR, S T4 S I S R M Y
F A5 M, 7 P 0T S0 T A T AR AR A AR A i
I F /N A L4 TR 35 T ¥ ( Small Baseline
Subsets Interferometric Synthetic Aperture Radar, SBAS-
In SAR) AR W] fift 13830 4 b R AE TE 854l 1R 3 1
T I A8 T AR (R R AR, AT R A AR v e I K A R
PEVPAR Y o 2501 5 A PR BV TR R A o

FAif, InSAR R, 41 PS-InSAR Fll SABS-InSAR,
E 289k 1z 7 T i T 99 A R e 5 ¢ 3 A, S R
T W SRR AT R B A T
InSAR AR GRS 2 BH 2 R AT A7 B E B A
B 7k AT VA i e T g Unl, o e R AR
T AR 3 O35 A AR T8 /)N 1 DX I 1 B8 RS A1 47 4%
USR] SBAS-InSAR HiARZE AR LR T T X
— R 7 B T A L b SR AR T A 25 S S Tk
FIIFH A B 1] 7 510 9 SAR £ HiE , 8 2o 3% 5 40 48 B[]
A5 T) SR SE /N ) AR B, R T B T 4045 o A 7
PE— 23R TR IIKS 5 Zhang %5 % PS-InSAR #I
SBAS-InSAR ¢ A Jifr Wi I i 1 15057 %% HEA TR mb
P TN ERS R, A5 3 T Hb A U R A B s s Genger
Li %1 78 5N 48 e 16 A8 T IX % it = K v 3R
InSAR FORGEAT I LA F AR 1 S iz sk . AL
WFFE R R, BARAE RS IE /N 1Y DX R ) i
PELAE—E IR, (H InSAR H A 25w
FeRG B T e AR R A A R SR BT
FE R4 45, AT HE P InSAR 5 AR FH - #b i o 3 515
PUR, AT 3B A A U 2 T 1

Bl AR PRI 72 B i & Leo Breiman Fi1 Adele Cutler
et T ] T Ak B0 2K 1) R [l 05 1), H A AR 9
Al e Ab B R ) Rz AR RERY, FE LT K E 5 K
VTN vh A B0 38 M), Deng 557 45 A 3
JE BT AME BB VA - B AL AR B 0 R A5 L X 4T
T W 5 KAV AR A B A 8, RS BT R 73 i)

FLTATARIC/N TS 2 ke o 455 RO B 1Y) 32 i [, 7 78
Oy 2% S R A 28 R R e R R L Ak g i R
Wang %% 1 Samuele Segoni 25" % 111 X 5 3 2K F
Fifi AJL R MBS TR R A7 £ 65 M L 5 R M TR s, A A%
ER T, (B A% AN RE A8 AL R EEE 1Y W R A A5 A
AFF 5 DX Mo 2% A4 A0 33 1) e a0, 5300 0 B 45 B4k,
HABALE FE . Lai 55 482 1 17— Flobr A9 A 1
FE T 1, R AL AR AL EE 1 8 45 A ) 1 Ik T
BIZE GV I AR VL BT A 78, 445 S 3 B B AT %
ARG P HE R R 33k 79.71%, {HBEHL AR AR AL 55
B AER (AR R ) R B DX I R B U M e T
e 2t DAY R 2R R U R B R
DLW 45 A % LA . Zhang 2501, Wu 451
1 BE BIL AR AR ASE AU 5 P SRR AU L 4 S RN [l 5 B
(CART). [ RHL (SVM) #E4T X Fe, Bl HIL 2R AR A
RUAE LRI 3 ) & M 0F A v 5L A O o 1 A
Bl L ARMARE B AE 2007 1 HA — L, HaRE S
ST AT O AL, B TR B A 2P
Tt

HE TN VL A FH BT I 1 K dt Hb i K 35 9T
M TAE, B2 F 20 6 TIPSR G e 55, gy
42 F T InSAR B AR T 1 3 S8 00300 ), (2 v
KEBNAFFHHPHE G HETIEN R, I,
AT 4L H {8 ] SBAS-InSAR % A 45 4 FEHL AR AR
05 K PG N0 35 e e e A B M D¢, BE RE R
SBAS-InSAR $¢ AR 3 W DXL 4F o Hly 32 I 722 B 4
YRR D3 5 9 AR, DAAAR B A 65 1 DA 7y s 8k
BB R FH B ATL AR PR 1 A A AR, LA 300 34 33 2 AR
ZH R T AL R, & a DA ARLLE R
ALE FHITERR N E TAERAE 2 T i FL (Area
Under Curve, AUC) {E WAL RE B JEAE N . BF 5T 45
TR RO T 058 XS SR 1 T S S B PR DA,
b 1 T 3 O B iR B e R

1 AR XERR R E R ER

1.1 HRERER

5T IX A7 T 3048 K BH + 50 [ 3f B 9% e
Ml TP (& 1), A 251.89 km®, At/
%, VIR 22 1931 m, J& A KBl v o 1 e X
PRy, A I, 2SR 16.39 C; Mg
TR by s s AR e e L X, R s s g, A E



Faak H3W

d/NFEE . FET InSAR HOR 5 BENLARMRET 12 AT VT 0 K BH PG B G B VP4 611

WX AEWIAL A 7

WFSE XA B B T 7

WX
WK F
ST

1 AR MEAEE

Fig. 1 Geographical location map of the study area
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Fig. 2 Importance ranking of evaluation factors
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Landslide susceptibility assessment in the western Changyang section
of the Qingjiang River Basin based on InSAR technology
and random forest algorithm method

MENG Xiaojun', XING Zhao’
(1. School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China; 2. College of Resources
and Environment, Yangtze University, Wuhan, Hubei 430100, China )

Abstract The Qingjiang River Basin, a typical karst mid-mountain geomorphic region where carbonate rocks
constitute 72% of the lithology, has been extensively influenced by long-term geological processes. Quaternary loose
deposit layers, mixed with soil and rock, are extensively distributed along both banks. These layers exhibit poor
stability and are prone to frequent landslide disasters, such as the Pianshan landslide and Maoping landslide.
Traditional landslide susceptibility assessments typically rely on static historical data and linear models, such as the
information content method and the Analytic Hierarchy Process (AHP). However, these approaches are limited in their
ability to capture the nonlinear characteristics of landslide evolution. To improve the timeliness and accuracy of the
assessment, this study integrates Small Baseline Subset-InSAR (SBAS-InSAR) surface deformation monitoring
technology with the random forest machine learning algorithm to conduct dynamic landslide susceptibility assessments
in Zigiu town and Yuxiakou town, covering a total area of 251.89 km’ in Changyang county, Hubei Province.

Based on the landslide development patterns in the study area, this study selects 12 evaluation indicators from
four categories—topography, geology, hydrology, and human engineering activities—as the landslide susceptibility
indicators for the region. It employs the Random Forest model for comprehensive susceptibility assessment. Due to the
poor timeliness and inaccuracy of landslide data in traditional evaluation models, the study utilizes the latest Sentinel-
1A radar data and applies the SBAS-InSAR method to obtain up-to-date surface deformation data to replace the
conventional landslide data. The interpretation results show that the central and western parts of the study area are
predominantly characterized by subsidence points, with a small number of uplift points, while the eastern region
exhibits a greater distribution of uplift points. The density of surface deformation points decreases from the southern to
the northern part of the study area. Along the Qingjiang River, surface deformation points are more densely distributed.
From the western part of the study area to Ziqiu Town, subsidence points dominate, while from Ziqiu town to the
eastern part of the study area, uplift points are more prevalent. Most of the surface deformation points are located
around towns and villages. In Yuxiakou town, both subsidence and uplift points are present, while Zigiu town mainly
features uplift points. The surface deformation points are mainly located in hard carbonate rock formations, with
densely distributed deformation points typically found on both sides of fault zones. The rock mass on either side of the

fault is subjected to intense compression, leading to fracturing, which forms a fractured zone. The uneven distribution
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of stress on both sides can easily trigger landslides. Additionally, the comparison of surface deformation points with
other evaluation factors reveals that these points are predominantly distributed in areas with slopes ranging from 8° to
25°, elevation differences between 10 m and 30 m, and proximity to construction land such as houses and roads, where
human engineering activities significantly influence surface deformation.

The 12 evaluation indicators and SBAS-InSAR interpretation results were used as training datasets, and the
random forest method was employed to assess landslide susceptibility. The importance of the evaluation factors, as
determined by the random forest classification prediction model, indicated that Quaternary thickness and engineering
geological rock groups were significantly more influential than the other factors. This suggests that when the surface
deformation rate is used as an indicator to evaluate landslide susceptibility levels, geological factors are predominant.
The hardness and stability of the rocks, as well as the thickness of the Quaternary deposit layers, determine the scale
and severity of landslides induced by surface deformation. Factors such as the influence range of river systems,
elevation difference, and slope have relatively high importance values. Within a certain influence range of river
systems, water level fluctuations may significantly affect landslide stability. Areas with greater elevation differences
and steeper slopes exhibit higher surface deformation rates, consequently increasing the probability of landslides. The
remaining factors have little impact on the prediction results; except for the distance to the fault, all are related to
human engineering activities. This suggests that when the surface deformation rate is used as an indicator for landslide
susceptibility assessment, human engineering activities may alter certain original landforms and potentially trigger
surface deformation and landslides, although their influence is relatively limited.

The calculation results indicate that the areas classified as extremely high-risk and high-risk for landslide hazards
in the western section of Changyang, within the Qingjiang River Basin, account for a substantial proportion, reaching
32.22%. These areas are mainly concentrated near Ziqiu town on the eastern side of the study area and along the banks
of the Qingjiang River, which aligns well with the spatial distribution of historical landslides. The Quaternary deposit
thickness, engineering geological rock groups, and river systems are identified as the dominant controlling factors for
landslide susceptibility. Areas characterized by thicker Quaternary deposits, interbedded with soft and hard rock layers,
and the distance proximity to rivers (within 200 meters) demonstrate significantly higher probability of landslides. The
ROC curve analysis of the hazard assessment model shows that the random forest model incorporating InSAR
technology can effectively capture landslide susceptibility, achieving a high AUC value of 0.90. This model exhibits
strong predictive performance and reliability, providing a novel approach to landslide susceptibility assessment and

valuable decision-making support for governmental disaster prevention and mitigation efforts.

Key words landslide, SBAS-InSAR, random forest algorithm method, disaster assessment, the Qingjiang River
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