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Abstract: Rainfall-induced rapid landslides triggered by short-duration heavy precipitation often exhibit
undetectable precursory deformation in InSAR time series due to geometric distortions and limited temporal
sampling. To address this limitation, this study develops an early identification framework that couples InSAR
surface deformation monitoring with the physically based SINMAP stability index. Using long-term monitoring
data from the Xishancun and Huangnibazi landslides (Lixian County, Sichuan Province), InSAR applicability was
first quantitatively evaluated via visibility and measurement sensitivity analyses. In areas of poor InSAR
performance, a spatiotemporal cross-validation strategy was established to integrate deformation trends with
evolving stability index patterns for comprehensive hazard assessment. Results reveal that the Xishancun
landslide is generally stable with only localized frontal instability under rainfall, whereas the Huangnibazi
landslide is highly rainfall-sensitive yet challenging to monitor using InSAR alone due to layover and shadow
effects. The approach was successfully validated on the 2019 Jichang rainfall-induced rapid landslide (Guizhou
Province), effectively capturing pre-failure signals missed by InSAR. This coupled deformation—stability index
method significantly enhances early detection of rainfall-triggered rapid landslides and offers a transferable

technique for early warning in complex mountainous regions.
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gi b, DU InSAR Mt AT RGH ) FL AT s 355 A i MEARRAE 10 B 9 5 R R R T, L A5
NI E B AR AE R RO A F A B B . SINMAP R 5L T IR e MAR A /K SO s, i
MBS LIRS RO RIS E MR (SD, S8 AT X8 3 5 RV

(Rabonza et al., 20165 Lin et al., 2021) . S8 H AL PR 17 HT 325 4 R AR i 12 B
AL G e B R SR AR, M S A AR E EAR BT A, TR 3 $R T H R I 0 P R
fil R LA ORI o BB Ah, 2R RR AN InSAR Joik ELRL RN [ R B A R

NI, AR Y — M AR - R VEAR B XU b A A 0 P R 20 SR A T B U AE 2
HIE R FaES I OB 2 TPl InSAR JRBRiE A PE, 7RSI M BAR X I LA SINMAP
i L AR PP AR S PR (SD B35 T B XA ATBER B e I8 16 7R )R, I SBAS-InSAR
I A AR ZR B0 IE SINMAP 3 XU X LS ii BRYE s Rpop) e, T ST ERFR(HIEAATI OR 55
RS IX I, AR AN ) CA R, BA B R R RAS KR, o AZAE SR T AR
5 B W 9Bl (R 7K SO SO AL A, AR SR T AR 9 R AT A S ARG R, R E PRI T
TR AR AR R A S R RE -

BT, AHIE T LAY 1B 7Y LA SR SR 300 A S S 2 e U B 9 KT
SR InSAR & FITE PO 5 B R AX S (RIN FP SINMAP #5871, R se BEROR AR : (1) JTJ S
B30 FME VP T B e T ERR AR X s (2) #54 SBAS-InSAR AR 7 5 sh A fa e M H0EAT
BB IRER 5L EHIR: (3) LA 2019 4 5t MING I B4 Y 784 58 A M iy R S il 30477 1%
BOAUE o BT AR D SRR I 958 o I 75 SRR S SRl SR 4 1 T SEROR AR, WO
DX T8 9 3 T 5 K T RR By I R AR AT RO A



1 Wk 7T XA

W58 X AL DU NG BTG R e ik B A M EE @ 2 (B 200 X P34 P L ) 2R e 4
B, W R, HIEERREIZL JABPRE . A R R T P AR ES RS 1, A AR RN
T, PERZRE N UMER SR v RUEn L b3 . 52 7 mE 2 KR EN R PR IR <R
o, XPNBENEEET T 5—10 H, HEFRWNER 70%0 EE LR k4.

W FE XK B P AL BRI 35 - 08 LRV 3R S e 0L 3o 7 L R O — B T Cfip
HIFH4E, 2019), HKZ 4200 m. BEFEZ) 1700 m. §IJ5 250 240 2000 m, SRS EE 25° ~
45° , FW ML 170° o BRI AL T 78 LR S0, J& S AL 3 (Wang et al., 2022),
YKL 700 m. B KB FE L) 220 m BT S 2R 2220 370 m, E R 30° ~36° , B A ML) 135°
PRADTE AR T 1) 2 b W R i, G BRI (B 3). GiitRoR, H 2017 4E1F3)
M3MH GH1HZESHIH) RitMEWERT 2016 F24EH] 70%, 6 5 Hm KFFEW
BINET 2016 FERAE, 802017 4F 8 H 9 HARAEHEIIEATY, InSAR W I [F] A H 30 ™ &
KM CHEIREE, 2019, W3 AN EERBOERAN T EE G317 W&k, &
PR A 18 22 AT . PR SRR BN, (HREMBE R, —BRASEEA
BRETLAS . B AT CA B S SO R AR IR %, 455 InSAR KT 2 FRIS

.

2 ] <5 225OI—I' BRI T W
E -egfw ) W, 185° WHOEBUE
5 — L ®at
= xE T

L B Wit

£ WEi

a3
bad
N
o
0
)
«©

\ M0 WRBUE
FHH
EHALER
[oe "] RARMEKM

31° 32'30"4k

0 400 800 1200 1600 2000 2400 2800
AKFEER/m

|
I
I
|
|
I
I
|
|
I
|
|
|
|
I
|
I
I
|
|
|
I
I
|
I
I
|
|
I
I
|
I
I
I
|
I
I
|
|
I
I
|
|
\
~

E2 fIRXER (i TrauErsEE O)BERNFEREIFMRFEE (ofUrNgRE TR bREHEE
Fig. 2 Overview of the study area (a) Schematic diagram of landslide plane position (b) Engineering geological

profile of Huangnibazi landslide (c) Engineering geological section of Xishan Village landslide
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