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Abstract

Earthquake-induced landslides are among the most significant secondary hazards caused by seismic
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events, characterized by sudden onset and long-term persistence, posing serious threats to post-
earthquake regional safety. To achieve efficient monitoring of post-seismic landslides, this study
takes the 2022 Luding Ms6.8 earthquake in Sichuan, China as the research background. Typical
landslide areas were selected, and a rapid deformation monitoring workflow was constructed by
integrating HyP3 online SAR data with MintPy time-series InSAR techniques. To address challenges
in traditional InSAR processing—such as error accumulation during phase unwrapping, suboptimal
reference point selection, and noise interference—this study employed the closure phase method
to assess unwrapping errors, applied water body masking to eliminate potential error-prone ar-
eas, and used root mean square (RMS) of residual phases along with median absolute deviation
(MAD) to optimize the selection of reference dates. These measures improved the accuracy and sta-
bility of deformation monitoring. Results show that both H1 and H2 typical landslide zones exhibited
sustained post-seismic subsidence, with maximum deformation rates of -13.2 cm/year and -16.7
cm/year, and cumulative displacements of -11.87 cm and -12.29 cm, respectively. Significant de-
formation was concentrated in the central and lower parts of the landslide bodies, indicating pro-
longed creeping or potential instability. The study demonstrates that, compared with traditional
processing methods, the HyP3-MintPy workflow significantly enhances data processing efficiency
and automation, making it suitable for rapid-response monitoring of landslides in post-earthquake
scenarios.
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1. 5|8

2022469 H 5 H, DU H A E B R4 Ms6.8 JiHbiE, FEIRIARE 16 km, fm 21 A FIIXE,
BTy e BB (RS 29.59°, R4 102.08%). HiB R AESE, sREVESNA R T RERAERY R E[1],
T 4 AN AN R P 3 ™ N A T AN SE R IR IR, I T BE A AR S R — B TR P R AR i
3. REASREEEREY, SREWESERE TR RKEIRE. Fik, FREGEENFSTAZR
W, A BT Bk B v 4 XS AR A e 3, o R FH s XU VP Al 5 R S B 42 £ =
FHERAE2]

A AL T K T3 & 5 R (Interferometric Synthetic Aperture Radar, InSAR)FE i Ho=2 K 2% 2 A5 iUk
FE TTHE SRS AR AR A KBTI, TR RE JE R R IO F Bz —[3]. Hoh, b
FLL R InSAR (Small Baseline Subset InSAR, SBAS-InSAR)J5 538 L0 4k T35 2L & 5K, 5 R4 b%
I T I 23 SRAH T SR 52, A ST S A KIS 8] e 9 T AR 17 ) R S T, A R S T B R 48 i ) 2
HORERAE[4]. AT, 5% SBAS-InSAR AbFRRFEAEAE SR R AL FRBCRAK[S], DR a 1 7 S5 e 7 1
P B I, A DA AL R L A M 0 S B A0 R T (1 R R

AR, AP EZEM SRR TRMPFEARRE, S5 InSAR HA Bl 8 5 w8y g4 7
FeAR M. 35 B iz 357 i TR bty (Alaska Satellite Facility, ASF)#F& ) HyP3 (Hybrid Pluggable Pro-
cessing Pipeline) [6]°F 5, SR T ARAETRAL BRI EL 5 50 T S 5505, mTSCH Sentinel-1 £048 1) H 3l {48
W IES TR AR, 256 HOD B T 27 fe 158 A< HE 2 SI2 48 = (Jet Propulsion Laboratory, JPL) & ) MintPy
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(Miami InSAR Time-series software in Python) [7]0 7/ HTHESL, BEWS M MR 4f SAR Hidf B Hh R A8
i AR AR R o BEAL, EFXTIS T InSAR ACER A OCHRR ZER, WARGIARYE R ZE . WS s M Al 25 i
LR R, AR — R NS, DRI AR S T O AR I I (RS B 5 m] S

FET I, ARSCLL 2022 FEE Ms6.8 Juth AR 5, FIH HyP3-MintPy BCA A EEFE, XREX A
BRI I RE JE B AR M I o @ A 25 s B KA HE B Ak B Je 228 H i e S5 O s D IR,
$ET+ InSAR ff4E o & 5T AL RIERSFE, 4R T R 5 I S AGRAIE, DR RE 5 b 5 O T 5 R
FRAERAR S SRR
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Figure 1. Overview of the study area
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2.2. HyP3 SAR #(#&

HyP3 (Hyperspectral Processing Pipeline Prototype)s& H Sl 7 4 il 22 ¥ jiti(ASF, Alaska Satellite Facility)
PRI — BT S iF RAE S SAR HUR LB IR SS, B AE R PR | ERD AR i TR R 20 AT At 4s SAR
i (1 2) [6]-

o b

Figure 2. HyP3 data products ((a) original interferogram, (b) unwrapped interferogram)
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Table 1. System resulting data of standard experiment
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Figure 3. Post-earthquake deformation rapid acquisition process
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Figure 5. Location of H2 typical landslide area
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Figure 6. (a) Spatial coherence map of the study area, ((b) (c)) Tint maps with different reference points in the study area
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Figure 7. Comparison of phase unwrapping error distribution. (a) Without water mask application, (b) With water mask ap-
plication
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Figure 9. Interferogram network of HyP3 ascending orbit data
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Figure 10. Interferogram network of HyP3 descending orbit data

& 10. %0 HyP3 BIET 5 EIRLE

2234 MintPy FEFFACIE, SREL T HI MEHEIXAE 2022 £ 9 F & 2023 4 6 HE G MR KRS E R, 45
mwE 1. Bl 11 ME 11(b)7rml @ T H1 I IX AR = /T 5 ot R B .

HUZHT, HI1 W XEAE % R, WERENE 1), BJE, %X A U S, Im AK A
R, R MR R X, 2R IR 11(b). EHEEE AR E 2%, HhE AKX
WAL R, T SRR [ 11(0)Bn T HI M X AR R, fe KL A AR 2k —-13.2
em/4F, FEAEPTEI AR, RIZIX S HE S M2, AFERR SR S EUR R S . Hodh, B GEE)
TR, EES T iR X R EGUE)R AT, b T X, RO SR AR T
& N TR AR IR AR, SEIR R AR EZE (] 11(d)), HI WX R AR 224N
0.89 cm/4F.

DOI: 10.12677/jsta.2025.133053 546 AR IRERHAR 5 8%


https://doi.org/10.12677/jsta.2025.133053

PUMEES

TR

cm/year

300 m
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Figure 12. H1 typical landslide area post-earthquake time-series cumulative deformation map
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Figure 14. H2 typical landslide area (a) Pre-earthquake optical/SAR image (b) Co-seis-

mic image (c) Post-earthquake deformation velocity
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Figure 15. H2 typical landslide area post-earthquake time-series cumulative deformation map
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