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Abstract: The development of super large scale landslides on the upper reaches of the Yellow River has brought

certain impacts and potential hazards to the cascade power stations in the upper reaches of the Yellow River
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represented by the Longyang Gorge Hydropower Project, as well as the production, life, and property safety of
residents. To analyze the surface deformation characteristics in the distribution area of super large scsle landslides
in the upper reaches of the Yellow River. This study used InSAR to extract and analyze the surface deformation
information of landslide by using Sentinel-1A image data of ascending and descending orbit in the Xiazangtan
landslide area in the upper right bank of the Yellow River in Jianzha County, Qinghai Province. The monitoring
results based on the InNSAR method were then verified on site through field investigation. The results show that the
maximum deformation rates of the landslide surface in the area obtained from the ascending and descending
Sentinel-1A image data are 24 mm/a and 21 mm/a, respectively, with the maximum cumulative deformation of
133 mm and 128 mm. During the monitoring period from 2017 to 2022, with the increase in monitoring time, the
cumulative displacement of secondary landslide feature points A and B located at the landslide front of Xiazangtan
showed a gradual increase trend. The cumulative deformations of landslide surface obtained based on PS-InSAR
and SBAS-InSAR methods have consistent characteristics, and the results show that the InNSAR method is suitable
for monitoring the surface deformation of super large scale landslide from Lagan Gorge to Sigou Gorge in the
upper reaches of the Yellow River. This study not only provides an effective method for monitoring the surface
deformation of super large scale landslides in the upper reaches of the Yellow River, but also provides data
support and practical guidance for the effective prevention and treatment of ancient landslide resurrection in the
basin.

Keywords: upper reaches in the Yellow River; Lagan gorge to Sigou gorge; Xiazangtan super large scale

landslide; InSAR technology; surface deformation monitoring
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Fig.1 Geographic location and distribution area of the Xiazangtan landslide on the right bank of the Yellow River (The extent of the
distribution area of the Xiazangtan landslide on the right bank of the Yellow River is adapted from Ref.[24])
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landslide distribution area on the right bank of Yellow River
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Table 1 Comparison of cumulative deformation of surface feature points in the study area based on PS-InSAR and SBAS-InSAR
FRHIESSS  SBASEIMEHA/mm PSR /mm  2EAEXME || FHELL4S  SBASEIPEEH/mm PSR Amm  ZELXME

T1 22.3 22.1 0.2 tl 23.9 28.3 4.4
T2 30.5 27.8 2.7 2 —20.6 -20.4 0.2
T3 229 253 2.4 t3 -259 —36.4 10.5
T4 —57.6 —62.3 4.7 t4 26.6 29.3 2.7
T5 352 25.9 9.3 t5 —38.6 —41.1 2.5
T6 26.5 34.6 8.1 to 24.1 233 0.8
T7 17.6 18.4 0.8 t7 21.8 26.5 4.7
T8 17.1 22.7 5.6 t8 —24.1 —27.4 33
T9 —23.6 —28.4 4.8 t9 -21.6 -22.5 0.9
T10 17.6 20.3 2.7 t10 —28.4 —35.9 7.5

T RPTI—T100 5 TR R BB RHIE A t1—t1 038 TR R B R IE A
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Fig. 6 Distribution of surface deformation zones in the study area extracted based on SBAS-InSAR
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Fig.7 The relationship curve between cumulative displacement of the feature points G1, G2 and G3 and time
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Fig. 8 Location of landslide #1 and field site investigation
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Fig. 9 The relationship curve between cumulative displacement of the feature points A , B and time
G1. G2 #l G3 i3 FEIH ARt X U4 R S il e 7 AL A 9 T 822 0F B KR & 7, H e nl

MBI E R, HAZ45 e SRR it sEasie PIWRE TR S 20 Gl AR I R i 2 &R, BT K
M—E. BAN, RSN S IH & P B T Gl AR Sl AR T A B S AR, E— R R



2024 4 I %, % FE T InSARSOAR 1 B U v 3 IX b 3R 78 T8 i I -5 43 - 167 -

PRI IR I REAR, S 20 L AT 9 56 B2 IR, Sl R AR E
PR BRG], T v R A5 36 5 0 i O
F e Y T 3 Gk O G S A A LB 0 A, A A
Wee T 75 R T B SR Y GBI R
4.5 TSRO TR A R 728 M 0 Sl 2 S 1 23 A
k2 B D T B AL B PR HRAE AOC T
AL Ty 18] MUY AL B (4 HERA P, X AL B PN 4FAE £ Y
TE A T ) AR BEEAT T X A3 BT . #h 3.5 /b 2 ik
L THEL . BB YRR AE 5L A FITRRAE 53 B /9 R
B it i) (] OC R 4wl A1, AL B W SAETE A8 T 1) 14
NI B E AR TT I o A R — R R
K JH InSAR A FT 41 B 12 1 B 1A 3 2 08 A2 1) 7]
Mo TFE UL R, R InSAR £ AR B 5 8] 1 4t 0¥
AR 18R S BRIE AR AR TR A L Dy ) B, 2 9L PR
JE T3 1ia) A0 TR A S A RE 045 i LA B B — L 1) R AR
B X T 23 AL J5 ] AU, e Bl R T L R
BRI P 2 HUAY R Ak i TR A R R I A
FAAEZE 5% o R T ARAS T0  MERR 1 10 BOC TR AR 5
I M AR R AT AR B, JE Se T 90 51 AL T Hi A
J& GNSS AR B I & H, LASE B 1408 3O A2 1%
L IR B M

5 it

(1) Z Fl SAR 5% A5 5045 Fir £ B DX P9 T 38 1K
FH K B RN 133 mm, 5 KB A8 &Kol
—24 mm/a,

(2)7E ¥E H IRl A 1A SAR s 8k dis an i, R H
PS-InSAR #il SBAS-InSAR 2 it J7 32 Fif 545 14) 1 B 44 3
26 20 MERAE AP 15 ANERAE 5 Y 22 (453 HE/N T 5 mm,
UL 2 B IR ARG AR B b B R I — 2

(3)RFHTFHL . FR%L SAR S5 504 B2 B i 1 31k 4k
AR IXAEIE AR J7 1) b B AH — 34, RIH BRE AE X s
Bl 77 1) 359 K 8 B T A R 7 1), U R FH InSAR $i B
BT o A R IE AR (E BB —E AT AR

(4) 57 T S S e 30 AR T 5 o7 18 P9 O 3 3 AR Ak
TLRABASTE W B, 75 TR X2 0 W T R R A T W

S E Xk ( References ) :

1] Beaknm, BRI, A0/, 45 B9 b U7 < 1 ik —hr ik
B Yl I 2 R Kook B AR A Y BRI S (7). AR
ML BT 2% 4R, 2013, 21(1): 129 — 137. [ YIN Zhigiang,
WEI Gang, QI Xiaobo, et al. Spatial and temporal

characteristics of landslides and there response to climatic

(2]

[3]

[4]

[5]

[6]

[7]

change from Sigou to Lagan gorges in upper reaches of
Yellow River[J]. Journal of Engineering Geology, 2013,
21(1): 129 — 137. (in Chinese with English abstract) ]
Jal e ] b e (BT e —= v e B2 ) 4 DR 280 9 33 R
B ARRAE S B R DTS [D]. P % K%K, 2010.
[ ZHOU Bao. Research on development characteristic
and mass mechanism of super large landslide in the upper
Yellow River[D]. Xi’an: Changan University, 2010. (in
Chinese with English abstract) ]
FUi A, R EZ, AR, G5 SRR R B
AT 2% X GT R A B LA TS ALBE 43 #T [J/OL]. o
) b 5T 9 K 5 B iR 2 A, (2023-09-13) [2023-12-25].
[ WANG Yixi, ZHAO Junyan, ZHU Xinghua, et al.
Analysis on characteristics and reactivtion mechanism of
secondary landslides in the front part of the Xijitan Giant
Landslide, Guide Basin[J/OL]. The Chinese Journal of
Geological Hazard and Control, 2023 (2023-09-13)
[2023-12-25]. https:/kns.cnki.net/kcms/detail/11.2852.P.
20230913.1035.002.html.  (in Chinese with English
abstract) |
Sar B, BRI, B AR, . AL A SR TR I
KB RAE B A A (9], o [ BT R E 5 R
#%, 2020, 31(5): 15 —21. [ SHI Liqun, WEI Gang, YIN
Zhiqiang, et al. Characteristics and formation of Simencun
Landslides in Jianzha Baisn of Qinghai Province[J]. The
Chinese Journal of Geological Hazard and Control, 2020,
31(5): 15— 21. (in Chinese with English abstract) ]
B bk AT 3 S e IR TR R K TR S B
AU [D]. AR BB Tk 2, 2021, [ ZENG Lin.
Radar remote sensing landslide hidden hazard
identification on Longyang Gorge—Gongbo Gorge, Upper
Yellow River[D]. Chengdu: Chengdu University of
Technology, 2021. (in Chinese with English abstract) ]
MR, 220 0K, Bl 2, 45, 35 T SBAS-InSAR (1) 7]
T ZE b W OB AL 43 [J/OL]. s s K24
i (F BRI, (2023-01-17) [2024-01-16]. [ CHEN
Baolin, LI Weile, LU Huiyan, et al. Deformation Analysis
of Jungong Ancient Landslide Based on SBAS-InSAR
Technology in the Yellow River Mainstream [J/OL].
Wuhan: Geomatics and Information Science of Wuhan
University, (2023-01-17) [2024-01-16]. (in Chinese
with English abstract) ]
VEBL, M HE, R 2%, 45 sy vk ik 5 e 8
(7). B HT, 2020, 27 ( 8 ): 92 - 94. [ XU Wei, LI
Penghui, SHENG Yuxing, et al. Summary and prospect of
landslide monitoring methods[J]. TAnhui Architecture,


https://kns.cnki.net/kcms/detail/11.2852.P.20230913.1035.002.html
https://kns.cnki.net/kcms/detail/11.2852.P.20230913.1035.002.html

- 168 -

7K SCHb BT TR b S

5534

[81]

(91l

[10]

[11]

[12]

[13]

[14]

2020, 27 ( 8 ): 92 — 94.(in Chinese) ]

BAKEL, AL, SR BE, 45 W 088 W s ik 2Rk (T,
Hh Bk Py B A4 BEJiE , 2018, 33(6): 2606 — 2612. [ ZHAO
Yonghong, WANG Hang, ZHANG Qiong, et al
Overview of landslide
methods[J]. Progress in Geophysics, 2018, 33(6): 2606 —
2612. (in Chinese with English abstract) |

i, EH A ST R D TR 7 T W e A
LI op E R BT, 2010, 22(6): 66 — 69. [ XIANG
Xin, WANG Yanli.

displacement  monitoring

Application of close-range
photogrammetry in slope deformation monitoring[J]. Coal
Geology of China, 2010, 22(6): 66 — 69. (in Chinese
with English abstract) ]

F LA BT D-InSAR B4 43 BT 19 =i L ik 4 X4
BB (D], Jbat: b stk R, 2015, [ WANG
Liwei. Identification of Landslide Displacement in Alpine
Valley Region Based on D-InSAR Data Analysis[D].
Beijing: University of Science and Technology Beijing,
2015. (in Chinese with English abstract) ]

Wb, MR, AT 6, 25 InSAR [ T b i 9k 3 1
HIEUN A AT 5T SR S B 0] NIRRT, 2019, 5003
)] 2): 80 — 84. [ YANG Xili, CHEN Qian, REN
Guangming, et al. Research status and trend of InSAR
applied to early identification of geological disasters
[J]. Yangtze River, 2019, 50(Sup 2): 80 — 84. (in
Chinese) |

WA, k22, PREY, 5. JE T InSAR AR By G2 IR
JETTRAF U2 5 R R AR TR 5T (7], 7K 3
J T B, 2020, 47(3): 135 — 146. [ YAO Jiaming,
YAO Xin, CHEN lJian, et al. A study of deformation mode
and formation mechanism of a bedding landslide induced
by mining of gently inclined coal seam based on InSAR
technology[J]. Hydrogeology & Engineering Geology,
2020, 47(3): 135 — 146. (in Chinese with English
abstract) |

FEUE, 20, BUIR LS, 45 I EUT 51 InSAR £ AR AE
7 X b 2R TE A2 W I e 19 iy T ——L P 52 7 bR R
KA IX S0 LoD A [ M oK 45 B3 o i, 2022,
33(2): 71 — 78. [ WANG Hongming, LI Ruren, QIN
Yiting, et al. Application of time series InSAR technology
in monitoring ground deformation of mining area: a case
study at Huolinhe open pit mining area in Inner
Mongolia[J]. The Chinese Journal of Geological Hazard
and Control, 2022, 33(2): 71 — 78. (in Chinese with
English abstract) ]

T, BRAE RS, B, 55 R T PS-InSAR £ AR H)

[15]

[16]

[17]

[18]

[19]

[20]

[21]

R VA TG T R F 9 (1. 7K SC 5 TR b R, 2013,
40(6): 106 — 111. [ LEI Kunchao, CHEN Beibei,
GONG Huili, et al. Detection of land subsidence in Tianjin
based on PS-InSAR technology[J]. Hydrogeology &
Engineering Geology, 2013, 40(6): 106 — 111. (in
Chinese with English abstract) ]

AR, BRI, XK, 45, JE T Sentinel-1A 1) =Wk
DX Y 2 BT 3 InSAR W I 23 #r [J]. AR KT, 2022,
53(10): 103 — 107. [ ZHAO Beibei, HUANG Haifeng,
DENG Yonghuang, et al. InSAR monitoring analysis on
Fanjiaping landslide in Three Gorges Reservoir Area based
on Sentinel-1A[J]. Yangtze River, 2022, 53(10): 103 —
107. (in Chinese with English abstract) ]

FRACK, KRS, Bk, BT InSAR BRI i 3 2
TG IR 5 BRI 58— DA R BT A 3 o 451 (0. K )
248, 2020, 51(5): 545 — 555. [ ZHANG Yongshuang,
LIU Xiaoyi, YAO Xin. InSAR-based method for early

recognition of ancient landslide reactivation in Dadu
River, China[J]. Journal of Hydraulic Engineering, 2020,
51(5): 545 — 555. (in Chinese with English abstract) ]
GUO Changbao, YAN Yiqiu, ZHANG Yongshuang, et al.
Study on the creep-sliding mechanism of the giant xiongba
ancient landslide based on the SBAS-InSAR method,
Tibetan Plateau, China[J]. Remote Sensing, 2021,
13(17): 3365.

YAN Yiqiu, GUO Changbao, LI Caihong, et al. The
creep-sliding deformation mechanism of the Jiaju ancient
landslide in the upstream of Dadu River, Tibetan Plateau,
China[J]. Remote Sensing, 2023, 15(3): 592.

BN, B AR, B AR K, A5 BRI U e A T 4 B
AR SE AL B A3 B (0], b B BT K S B iR 2
i, 2022, 33(2): 1 — 8. [ WEI Gang, YIN Zhigiang,
LUO Yinfei, et al. Analysis on the accumulation deposits
characteristics and formation mechanism of Kangyang
landslide in the upper reaches of Yellow River[J]. The
Chinese Journal of Geological Hazard and Control, 2022,
33(2): 1 - 8. (in Chinese with English abstract) ]
2R/, SR/INAE, 22T K. AT R R S e X 5K e
B R R O LB o AT 0], TR 5 2 4, 2011,
19(4): 516 — 529. [ LI Xiaolin, GUO Xiaohua, LI
Wanhua. Mechanism of giant landslides from
Longyangxia valley to Liujiaxia valley along upper Yellow
River[J]. Journal of Engineering Geology, 2011, 19(4):
516 — 529. (in Chinese with English abstract) ]

BRI, /06, BRICR, 5. kT 2 ot iE B R EUR
B BT I T O R B RRAE I IE (30, TR M R AR,


https://kns.cnki.net/kcms/detail/11.2852.P.20230913.1035.002.html
https://doi.org/10.3390/rs13173365
https://doi.org/10.3390/rs15030592

2024 4F

I %, % FE T InSARSOAR 1 B U v 3 IX b 3R 78 T8 i I -5 43 - 169 -

[22]

[23]

[24]

[25]

[26]

[27]

2013, 21(5): 779 - 787.
Xiaoguang, ZHAO Wuji, et al. Characteristics of

[ YIN Zhigiang, QIN

landslides in upper reaches of Yellow River with multiple
data of remote sensing[J]. Journal of Engineering
Geology, 2013, 21(5): 779 — 787. (in Chinese with
English abstract) ]

A FR R, TR AR, 2R B e ik B AR MR
AU 3 OSL IMAF [J]. Hb i 4l 2013, 32(12): 1943 —
1951. [ZHAO Ruixin, ZHOU Bao, LI Bin. The
application of optical stimulate luminescence dating to the
study of clustered landslides activity[J]. Geological
Bulletin of China, 2013, 32(12): 1943 — 1951. (in
Chinese with English abstract) ]

B B LA HL R B8 A U G B M T A i 5T
(DJ. J8H#E - J8C#E B T K 27, 2021. [ LUO Yue. Risk
assessment study of debris flow in the Jianzha section of
the upper Yellow River[D]. Chengdu: Chengdu
University of Technology, 2021. (in Chinese with English
abstract) |

B AR, VPR, BT, A, BT I i B RTAE B RV
T Ak o R OB L (). 58 DO 22 #F 5%, 2016, 36(2):
474 — 483. [ YIN Zhiqgiang, XU Qiang, ZHAO Wuji, et
al. Study on the developmental characteristic, evolution
processes and forming mechanism of xiazangtan super
large scale landslide of the upper reaches of Yellow
River[J]. Quaternary Sciences, 2016, 36(2): 474 — 483.
(in Chinese) |

HONAT, A Ay T A IRS-P6 B BB fe e B T
TR B R ME T R A b A T DL i E R &
fi% , 2008, (2): 41 — 43. [ MA Xiaohong, LI Dongling,
WANG Lei. Application of IRS-P6 remote sensing data in
landslide survey of Xiacangtan, Maketang Town, Jianzha
County[J]. Management & Strategy of Qinghai Land &
Resources, 2008, (2): 41 — 43.(in Chinese) ]

LEE, kM, XS, 5. 75 A R B E RO
B IR 22 PR 8 b S (R w0 A (0], 95 i [ - 2R g,
2010(3): 25 — 26. [ MA Guozhen, ZHANG Fengxiong,
LIU Shibao, et al. Preliminary analysis of environmental
geological problems in Xiacangtan resettlement area in
Jianzha County, Qinghai Province[J]. Management &
Strategy of Qinghai Land & Resources, 2010(3): 25 — 26.
(in Chinese) ]

Jal 4, AR, I8, 4% BR4 Sentinel-1A T FEHLEUE
14 ¥ ke 22 46T 78 I (J/OL]. b BR Y4 30F 2, (2023-
11-13). [ ZHOU Quan, JIANG Yanan, LYU Peng, et al.

Multi-dimensional deformation inversion of landslides

[28]

[29]

[30]

[31]

[32]

[33]

[34]

using combined sentinel-1A ascending and descending
orbit data[J/OL]. Progress in Geophysics, (2023-11-13)
[2024-01-08]. https:/kns.cnki.net/kcms/detail/11.2982.P.
20231110.1120.014.html.
abstract) |

FERRETTI A, PRATI C, ROCCA F. Permanent scatterers
in SAR interferometry[J].
Geoscience and Remote Sensing, 2001, 39(1): 8 — 20.
BIES, 830K, LIEY, %, J£ T SBAS-InSAR i A
P8 1 T K H 3l PR R T TE I A TR A A (). b [ 3
TR E 5 B iR i, 2022, 33(5): 83 — 92. [ YANG
Zhengrong, XI Wenfei, SHI Zhengtao, et al. Deformation

(in  Chinese with English

IEEE Transactions on

analysis in the bank slopes in the reservoir area of
Baihetan Hydropower Station based on SBAS-InSAR
technology [J]. The Chinese Journal of Geological Hazard
and Control, 2022, 33(5): 83 — 92. (in Chinese with
English abstract) ]
ik . SBAS-InSAR %4 4b B 1 34k 7 2 W5 [D].
BT B LU K 2%, 2016. [ ZHANG Yu. Research on
Automatic Method of SBAS-InSAR Data Processing [D].
Nanjing: Nanjing Normal University, 2016. (in Chinese
with English abstract) ]
iz gy, REAREw, IR, 5. 455 PSHRIE A M
SBAS Hu I AL Wi (3], I 22238 41z, 2020(4): 91 — 95.
[ NIE Yunju, XIONG Jiacheng, CHENG Penggen, et al.
SBAS surface deformation monitoring with PS feature
points[J]. Bulletin of Surveying and Mapping, 2020(4):
91 —95. (in Chinese with English abstract) ]
FFEEE, /N, XGRS, 45— T BT K i A RS A 1Y
SBAS InSAR It J* iy 32 Ut Fie 4 M 7 i [0 i 225 41,
2019(2): 58 — 62. [ WANG Shunyao, LU Xiaoping, LIU
Xiaobang, et al. A SBAS InSAR time series ground
deformation extraction approach considering permanent
scatterers[J]. Bulletin of Surveying and Mapping,
2019(2): 58 — 62. (in Chinese with English abstract) |
2, T 5K, Rk, % . PS-InSAR 55 SBAS-InSAR
0 3t R A LU BRI ST (9], KM 0 A 5 Bk B
2%, 2012, 32(4): 125 — 128. [ HOU Anye, ZHANG
Jingfa, LIU Bin, et al. Comparative study on monitoring
surface subsidence with PS-InSAR and SBAS-InSAR[J].
Journal of Geodesy and Geodynamics, 2012, 32(4):
125 — 128. (in Chinese with English abstract) ]
FEh A, S E, 2 E M. AT InSAR HA W
OB BT 2 RIB AR (70 0 2258 4R, 2022(3):
138 — 142. [ LU Zhongxiang, FAN Yanguo, LI Guosheng.

Monitoring of surface deformation along the Qinghai-


https://kns.cnki.net/kcms/detail/11.2982.P.20231110.1120.014.html
https://kns.cnki.net/kcms/detail/11.2982.P.20231110.1120.014.html

- 170 -

7K 3CHb B

T2 M 5T

5534

[35]

[36]

[37]

[38]

[39]

Tibet Railway with the time series InNSAR technology [T].
Bulletin of Surveying and Mapping, 2022(3): 138 — 142.
(in Chinese with English abstract) ]

HCHl, WAL, 5 /T, 45 BT SBAS-InSAR AR
M 4 VPV IR IR A B B i OB AR 4 A (0], AR
M 2% 4R, 2020, 28(2): 384 — 393. [ FENG Wenkai,
DUN Jiawei, YI Xiaoyu, et al. Deformation analysis of
Woda village old landslide in Jinsha River basin using
SBAS-InSAR  technology[J].
Geology, 2020, 28(2): 384 — 393. (in Chinese with
English abstract) ]

RRISE, 8 R, sk, S5 BT B U VR A T R
WU Ko s m R (0] 10 2 4, 2022, 40(2): 249 -
264. [ ZHAO Shufen, ZENG Rungiang, ZHANG

Zonglin, et al. Early identification and influencing factors

Journal of Engineering

of potential landslides in the upper reaches of the Yellow
River, China[J]. Mountain Research, 2022, 40(2): 249 —
264. (in Chinese with English abstract) ]

JE V.. InSAR 47 AR 7E TG 7 Ll X 38 3¢ £R 0 5 1 00 9 7
A [D]. Vi K% K2, 2016. [ KANG Ya. Application
of InSAR technology in landslide detection and monitoring
in southwest mountainous areas[D]. Xi’an: Changan
University, 2016. (in Chinese with English abstract) |
B8, Bk, b, 3T I F InSAR 1 P g BL B K 2
Mo FRTE AR W 5 43 pr (00, v [ BT K 5 B iR A
& , 2023, 34(2): 61 — 72. [LU Wei, YANG Bin,
YANG Kun. Surface deformation monitoring and analysis
of Southwest University of Science and Technology based
on time series InSAR[J]. The Chinese Journal of
Geological Hazard and Control, 2023, 34(2): 61 — 72. (in
Chinese with English abstract) ]

e, 30k, AR, &G THREBL InSAR 575 43 B
FOG R SR R W R AR I U —— LT R R
i (3], r i 95 5 B iR 24 4, 2021, 32(6): 72 -
81. [ TU Kuan, WANG Wenlong, CHEN Hua, et al.

Early identification of hidden dangers of lanslides based

[40]

[41]

[42]

[43]

on the combination of ascending and descending orbits
InSAR and high spatial resolution optical remote sensing:
a case study of landslides in Longde County, southern
Ningxia[J]. The Chinese Journal of Geological Hazard
and Control, 2021, 32(6): 72 — 81.
English abstract) ]

AT SCHE, 245 8, THIEER, 45 6T IHREHL SAR Bl i
SO e = 2 T 7 B L | A R 7
[JJOL]. A 4K % 5 3% 8%, (2023-11-27) [2024-01-12].
[ YU Wenxuan, LI Yimin, JI Peikun, et al. Time series

(in Chinese with

surface deformation study of the upstream area of
Huangdeng hydropower station i n Lanping County based
on ascending and descending SAR data[J/OL]. Remote
Sensing for Natural Resources, 2023: 1 — 12. (2023-11-
27). https://kns.cnki.net/kems/detail/10.1759.P.20231124.
1317.008.html. (in Chinese with English abstract) ]

R 7R, A UG, 253, 55 . 56T SBAS/PS-InSAR H R
F14 7 353 SR W X L5 (0. DR M i 55 R 3 g
2%, 2021, 41(4): 392 — 397. [ FU Bolin, XIE Shuyu, LI
Tao, et al. Comparative study of landslide remote sensing
monitoring based on SBAS/PS-InSAR technology[J].
Journal of Geodesy and Geodynamics, 2021, 41(4):
392 —397. (in Chinese with English abstract) ]

DIAO Xinpeng, WU Kan, HU Dahe, et al. Combining
SAR

differential interferometry and the probability

integral method for three-dimensional deformation
monitoring of mining areas[J]. International Journal of
Remote Sensing, 2016, 37(21): 5196 — 5212.

XL, Bk, FIRYL, . W BKE InSAR I 2 HE
HARTr w5 1], Mg 2524, 2018, 24(2) 229 -
237. [ LIU Xinghong, YAO Xin, ZHOU Zhenkai, et al.
Study of the technique for landslide rapid recognition by
InSARL[J]. Journal of Geomechanics, 2018, 24(2): 229 —

237. (in Chinese with English abstract) ]


https://kns.cnki.net/kcms/detail/10.1759.P.20231124.1317.008.html
https://kns.cnki.net/kcms/detail/10.1759.P.20231124.1317.008.html
https://doi.org/10.1080/01431161.2016.1230284
https://doi.org/10.1080/01431161.2016.1230284

	1 研究区概况
	2 实验数据与研究方法
	2.1 数据来源
	2.2 基于PS-InSAR技术和SBAS-InSAR技术提取夏藏滩滑坡区地表形变

	3 地表形变结果及分析
	3.1 基于InSAR技术的夏藏滩滑坡区地表形变结果
	3.2 基于两种技术的地表形变结果
	3.3 基于SBAS-InSAR技术夏藏滩滑坡区地表形变分布空间特征
	3.4 夏藏滩滑坡复活状况分析
	3.5 夏藏滩滑坡体前缘次级滑坡形变时序分析

	4 讨论
	4.1 采用PS-InSAR与SBAS-InSAR技术所提取的地表形变点空间分布差异性分析
	4.2 基于SBAS-InSAR技术利用升轨、降轨影像所提取的形变点差异性及原因
	4.3 基于PS-InSAR和SBAS-InSAR技术所提取的累计变形量对比分析
	4.4 夏藏滩滑坡体不同位置变形量对比及原因分析
	4.5 1#滑坡坡面特征点形变监测数据差异性分析

	5 结论
	参考文献

