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Abstract: This study employs the SBAS-InSAR technique to process Sentinel-1A ascending and descending orbit SAR data from
2014 to 2022, focusing on the impact of the Baige landslide-induced river damming event on the activity of the nearest downstream
landslide cluster. The Shadong landslide, which was significantly affected by the damming, was selected for terrain-constrained
three-dimensional (3D) deformation inversion using InSAR, with GNSS observations used to validate model performance. Results
indicate that, following the damming event, deformation rates of the riverside landslides generally increased by a factor of 3 to 7.

In particular, the Shadong landslide, located on the concave bank of the Jinsha River, exhibited a notably impacted area of
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approximately 1.85 km?, with the maximum deformation rate increasing up to 7 times compared to the pre-damming period. The

3D deformation analysis demonstrates that the Aspect-Parallel Flow (APF) terrain-constrained model outperforms the Surface-

Parallel Flow (SPF) model in reconstructing the deformation pattern of the Shadong landslide.
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Fig.6

The impact area of the damming of the river
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P XoF Y B R S R R HUOE AR BEA TR L
InSAR %5 B S T W AR W 30 = 48848 . 24518
(I

(1) 18 iF SBAS-InSAR % & 4k # Sentinel-1A
B FERE B SAR G 7E VD /R & ZMERA £ 43 5 B0
9 Ab 1 13 Ak 1 35 B £, JHE e ORI AT 0 B AR 2 4b
AL B AT R o A 5 Ak

(2) FAAR T8 350 38 T2 R o 0 R 0 e e 2 T A )

T2 BE B0 52 W) 38 R AT R B K, PRI 2 SR G
Wi AN O 5 52 1 V52 W) 9 39 1) T 748 S 4 30 g 38 T
R R0 VA R R R AN EI N R S i 78 A
e iz R, B AR 32 52 ey T AR 24 1.85 km”, i k728 JE N
i e RO SE TR 745

(3) =B I AL 25 SR R WY, 1 7ol 3t T 249 TROASE 70 4
B AR AR B BUR B LR W BIRAS L R E-W )
AU-D [ B 45 8 — BOPE 8w 5 N-S B AL f i



1198 HERFF=  http://www .earth-science.net %51 &
407 a 801 b
~ 301 -
£ ol W E 601 :
m% 201 - H‘ M m% e il
o Hj] el i Il 'Y f
, Rl ., 40 2= R
) T e | w o 4]
210 IRRCIE SN0 S, , 2 ey J
= o A RAFBE X 20- e R F G % 5
B ﬁ‘: S, GNSS B L GNSS
® SPF 0 : ‘_A:'G' 1 SPF
o APF * o APF
-101— : : ; ; ; ; : v ; . . :
2022-01-14 2022-03-03  2022-04-20 2022-01-14 2022-03-03  2022-04-20
2022-02-07 2022-03-27 2022-02-07 2022-03-27
I (- H-H) I ) (4E-H-H)

K8 AKF-T5 1 HBUR A2 45
Fig.8 The cumulative deformation in horizontal direction
a.E-W il REULAE ;b. N-S ] RBUE 2

K2 KFFAREHHEEREST L
Table 2 Comparsion of the annual average deformation rates

in horizontal direction

Berlin, Heidelberg, 1—75. https://doi. org/10.1007/
978-3-642-04764-0_1
Fan, X. M., Dufresne, A., Siva Subramanian, S., et al.,

2020. The Formation and Impact of Landslide Dams -

SPF APF
SPE AP GNSS mE m State of the Art. Earth—-Science Reviews, 203: 103116.
K615 (mm/a) 75.31 7472 8207 6.73 7.35 https://doi.org/10.1016/j.earscirev.2020.103116
AL (mm/a) 198.21 124.43 137.00 81.21 9.57 Fan, X. M., Xu, Q., Alonso-Rodriguez, A., et al., 2019.
KT £ () 20.80  28.74 30.92 11.88 0.53 Successive Landsliding and Damming of the Jinsha Riv-

APF 5y n] 5, SPE 7R 7E B i il B4R 1, APF A
BT SPF 1EJE A2 4071 Fl o3 X rp R B 4

References

Berardino, P., Fornaro, G., Lanari, R., et al., 2002. A
New Algorithm for Surface Deformation Monitoring
Based on Small Baseline Differential SAR Interfero-
grams. IEEE Transactions on Geoscience and Remote
Sensing, 40(11): 2375—2383. https://doi.org/10.1109/
TGRS.2002.803792

Chai, H. J., Liu, H. C., Zhang, Z. Y., 2000. Development
and Distribution Characteristics of Dujiang Landslide in
China. Mountain Research, 18(S1): 51—54 (in Chinese
with English abstract).

Chen, J. P., Li, H. Z., 2016. Genetic Mechanism and Disas-
ters Features of Complicated Structural Rock Mass
along the Rapidly Uplift Section at the Upstream of Jin-
sha River. Journal of Jilin University (Earth Science
Edition), 46(4): 1153—1167 (in Chinese with English
abstract).

Evans, S. G., Delaney, K. B., Hermanns, R. L., et al.,
2011. The Formation and Behaviour of Natural and Arti-
ficial Rockslide Dams; Implications for Engineering Per-
formance and Hazard Management. Natural and Artifi-

cial Rockslide Dams. Springer Berlin Heidelberg,

er in Eastern Tibet, China: Prime Investigation, Early
Warning, and Emergency Response. Landslides, 16(5):
1003—1020.  https://doi.  org/10.1007/s10346-019-
01159-x

Franco, A., Moernaut, J., Schneider-Muntau, B., et al.,
2021. Triggers and Consequences of Landslide-Induced
Impulse Waves - 3D Dynamic Reconstruction of the Ta-
an Fiord 2015 Tsunami Event. Engineering Geology,
294:  106384.  https://doi. org/10.1016/j. eng-
ge0.2021.106384

Guo, C. B., Wu, R. A., Zhong, N., et al., 2024. Large
Landslides along Active Tectonic Zones of Eastern Ti-
betan Plateau: Background and Mechanism of Landslide
Formation. Earth Science, 49(12): 4635—4658 (in Chi-
nese with English abstract).

Guo, C. B., Yan, Y. Q., Zhang, Y. S., et al., 2021. Study
on the Creep—Sliding Mechanism of the Giant Xiongba
Ancient Landslide Based on the SBAS-InSAR Method,
Tibetan Plateau, China. Remote Sensing, 13(17): 3365.
https://doi.org/10.3390/rs13173365

Hu, X., Lu, Z., Pierson, T. C., etal., 2018. Combining In-
SAR and GPS to Determine Transient Movement and
Thickness of a Seasonally Active Low—Gradient Trans-
lational Landslide. Geophysical Research Letters, 45(3):
1453—1462. https://doi.org/10.1002/2017GL076623

Joughin, I. R., Kwok, R., Fahnestock, M. A., 1998. Inter-

ferometric Estimation of Three-Dimensional Ice-Flow



5% 43

P WA S G VP UL 177 SBAS-InSAR W 3 = 4 8 A48 Wi 5 3% 7152 i 43 B 1199

Using Ascending and Descending Passes. IEEE Trans-
actions on Geoscience and Remote Sensing, 36(1): 25—
37. https://doi.org/10.1109/36.655315

Li, M. H., Zhang, L., Ding, C., et al., 2020. Retrieval of
Historical Surface Displacements of the Baige Landslide
from Time-Series SAR Observations for Retrospective
Analysis of the Collapse Event. Remote Sensing of Envi-
ronment, 240: 111695. https://doi. org/10.1016/j.
rse.2020.111695

Li, X., Guo, C. B., Yang, Z. H., et al., 2021. Develop-
ment Characteristics and Formation Mechanism of the
Xiongba Giant Ancient Landslide in the Jinshajiang Tec-
tonic Zone. Geoscience, 35(1): 47—55 (in Chinese with
English abstract).

Liu, X.J., Zhao, C. Y., Zhang, Q., et al., 2021a. Integra-
tion of Sentinel-1 and ALOS/PALSAR-2 SAR Datas-
ets for Mapping Active Landslides along the Jinsha Riv-
er Corridor, China. Engineering Geology, 284: 106033.
https://doi.org/10.1016/j.enggeo0.2021.106033

Liu, X.J., Zhao, C. Y., Zhang, Q., et al., 2021b. Three-
Dimensional and Long-Term Landslide Displacement
Estimation by Fusing C- and L-Band SAR Observa-
tions: A Case Study in Gongjue County, Tibet, China.
Remote Sensing of Environment, 267: 112745. https://
doi.org/10.1016/j.rse.2021.112745

Penna, D., Brocca, L., Borga, M., et al., 2013. Soil Mois-
ture Temporal Stability at Different Depths on Two Al-

pine Hillslopes during Wet and Dry Periods. Journal of

Hydrology, 477: 55—71. https://doi. org/10.1016/j.
jhydrol.2012.10.052

Samsonov, S. V., d’ Oreye, N. F., 2016. Multidimensional
Time-Series Analysis of Ground Deformation from Mul-
tiple InSAR Data Sets Applied to Virunga Volcanic
Province. Geophysical Journal International, 191:
1095—1108.  https://doi.  org/10.1111/J. 1365~
246X.2012.05669.X

Schulz, W. H., Coe, J. A., Ricci, P. P., etal., 2017. Land~
slide Kinematics and Their Potential Controls from
Hourly to Decadal Timescales: Insights from Integrating
Ground-Based InSAR Measurements with Structural
Maps and Long-Term Monitoring Data. Geomorpholo-
gy, 285: 121—136. https://doi. org/10.1016/j. geo-
morph.2017.02.011

Song, C., Yu, C., Li, Z. H., et al., 2022. Triggering and
Recovery of Earthquake Accelerated Landslides in Cen-
tral Ttaly Revealed by Satellite Radar Observations. Na-
ture  Communications, 13: 7278. https://doi. org/
10.1038/s41467-022-35035-5

Wang, G. F., Bi, Y. H., Li, H., etal., 2025. Developmen-

tal and Distribution Characteristics and Formation Mech-

anisms of Large-Scale Landslide Disaster Chains in Bail-
ong River Basin. Earth Science, 50(10): 3885—3904(in
Chinese with English abstract).

Wang, L. C., Wen, M. S., Feng, Z., et al., 2019. Re-
searches on the Baige Landslide at Jinshajiang River, Ti-
bet, China. The Chinese Journal of Geological Hazard
and Control, 30(1): 1—9 (in Chinese with English ab-
stract).

Yang, Y. T., Liu, M., Quincey, D. J., et al., 2023. Cyclic
Landslide-Flood Chains along a Major Mountain River.
Geomorphology, 439: 108835. https://doi.org/10.1016/
j.geomorph.2023.108835

Yao, J. M., Yao, X., Liu, X. H., et al., 2022. Landslide
Detection and Mapping Based on SBAS-InSAR and
PS-InSAR: A Case Study in Gongjue County, Tibet,
China. Remote Sensing, 14(19): 4728. https://doi. org/
10.3390/rs14194728

Zhu, S. N., Yin, Y. P., Wang, M., et al., 2021. Instability
Mechanism and Disaster Mitigation Measures of Long—
Distance Landslide at High Location in Jinsha River
Junction Zone: Case Study of Sela Landslide in Jinsha
River, Tibet. Chinese Journal of Geotechnical Engineer-
ing, 43(4): 688—697 (in Chinese with English abstract).

Zhu, W., Yang, L. Y., Cheng, Y. Q., et al., 2024. Active
Thickness Estimation and Failure Simulation of Transla-
tional Landslide Using Multi-Orbit InNSAR Observa-
tions: A Case Study of the Xiongba Landslide. Interna-
tional Journal of Applied Earth Observation and Geoin-
formation, 129: 103801. https://doi. org/10.1016/.
jag.2024.103801

XX 5 % 3k

Se 7 XIBUE SRR TG, 2000, H E 3G T O & F 46 4
fE . 23z, 18 1) 1): 51— 54.

MRS, 24, 2016, 42 Vb TT b i DR e T B A2 20 25 4
R RASFEAE 5 HLHE . 7 ROR 2 4 (3R B 22 1D,
46(4): 1153—1167.

K, RERG, M, &, 2024, TR JFUR O S A i A
KB UT B R AT S S RB ML b kB, 49(12):
4635—4658.

A MK AR, S, 2021, 4 Vb T TR Ik TR AL
WE Yk H RRE S TR RHLER . SR R, 35(1): 47— 55.

EEl, Kt AN, 4 2025, [ VT R O gk
BE R H O AR AE JOTE AL . Hb Bk BL 2% 50(10):
3885—23904.

AL, WA, IR, S, 2019, b E U 5 A VD VT S W O
JEERGY . E LT K E S B iR AR, 30(1): 1—9.
RTEM, BEIRE, TOf, 45, 2021, 4 Vb VL4544 & 0 o 2 g
e R R WS B s T X SR 5 - LA A Vb VA ¥ B )

HE T REEEIR, 43(4): 688—697.



