L p R

GEOMATICS AND INFORMATION SCIENCE OF WUHAN UNIVERSITY

FF2016—20204ESent ine 1 - 15538 M -5 43 H71 = gk B X A B 3 e 1k
KEFE, SLgHE, BB, BEZE, ki, BL

FIHASLC:

RIFIE, Shgs [, F#E, 2. FIFH2016—20204FSentinel - VECH Wi 5 43 M — 02 2 X AR B i A e PE D], BRDUKR 222441 - 5 B Rl
Wz, 2021, 46(10): 1560-1568.

ZHU Tongtong, SHI Xuguo, ZHOU Chao, et al. [J]. Geomatics and Information Science of Wuhan University, 2021, 46(10): 1560-1568.

FRSCEEHER (FEEA KINERIEN AR EE CE )

Similar articles recommended (Please use Firefox or IE to view the article)

DU 1 LRI 45 DX B 43 I A R s e S AU -5 1A s
Detection and Monitoring of Potential Landslides Along Minjiang River Valley in Maoxian County, Sichuan Using Radar Remote Sensing
HBURZF A4 - (5 BRMERL 2021, 46(10): 1529-1537  https:/doi.org/10.13203/j.whugis20210367

VUL 5 DT S A2 38 B3 HT 5 InSA R AE Wl
R - A5 BRFERR. 2021, 46(10): 1569-1578  hitps://doi.org/10.13203/j.whugis20210168

I FE B 1 2 Sentinel - LG LAn 25 5 FHFEBL3E FOPERE 5 3B
FEIUICEEZEH - (25 ERIEM. 2021, 46(10): 14501460  hitps://doi.org/10.13203/j.whugis20210130

i ¥ InSAR T2 BERZ K AL AR
Time—Series InSAR for Stability Monitoring of Ankang Airport with Expansive Soil

R - (5 BRMERL 2021, 46(10): 1519-1528  https:/doi.org/10.13203/j.whugis20210223

TG A P AL TP InS AR Uit )22 4 8 A E 12 VP A
Evaluation of Time—Series InSAR Tropospheric Delay Correction Methods over Northwestern Margin of the Qinghai-Tibet Plateau
BRIBUREF2FAR - (5 BRI 2021, 46(10): 1548—1559  https:/doi.org/10.13203/j.whugis20210254


http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210247
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210367
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210168
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210130
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210223
http://ch.whu.edu.cn/cn/article/doi/10.13203/j.whugis20210254

%46 % 5 10
2021 4F 10 H

KBRS FE R YW

Geomatics and Information Science of Wuhan University

Vol.46 No.10
Oct. 2021

MXEHS:1671-8860(2021)10-1560-09

DOI:10.13203/].whugis20210247 ~ El%SAE

FII T 2016—2020 4 Sentinel-1 Xcdit I il 5 4
B == g ) DX B PF 3 Bk fa e

v HE H B KEE® K OB

1 A E R B S 5 B Db, 1 i, 430078
2 TRGEFIRE R TSR, 8 A0, 230601
3 DRI 2 R B TR E R e s, ide i, 430079

RER' BLEA A

i EOTARRRAEAHARAPEREREREZY 0, PE R ER FRGBERPNA -4 2 XiE, KR
T B S AR YO B X 3 2016-03—2020-03 9 111 5% 4 3% 1 % (Sentinel-1) #c 4% , A A oF 18 5 7] & R 3L 12 & &
F @ M & # K (interferometric synthetic aperture radar, InNSAR) 3t iZ 2 4% & P ¢ S48 F & B #fe 5 A X B 4Rt
TV KR EBRREWRAREL, 2REF, EHRXAATARKRL FERRKRS, RX T Bk £ 5 70 mm/a.
5 4¢3 Y GPS R & UL A 3 47 P 4L, B T InSAR £ R 49 A 2tk . 8 s A3 e = 01 0R S g AR H e B
MBI ERKAEFe P ERARRENGEILY R E, FRRAGEEIRARRET EHALH,
LR B, AR A A FALED IR T RAZAEAFRARGASE, FEWMXEAG LB L AT
B PP 45 RAEMA B B InSAR AR T VAR 2R A Ao Yo 7 5, A R 9 F R e A BB M R 08 B R R
i st R L4

KRR AR I W InSAR; B KL @

FESES P237 XEkPRERD A

T R Fh A 28R i T b g A PN S b T A%
TEABE R H R NS B Al kR G R
D3 e R 42t o o [ 5 A% R A A L AR
T E SR T Ak A2 NI B R A BR S AR A
SR, 9 X R TR SR b S U A L T R N2
A0 R A, 2017-06-24, B T R 52
DU 1] e BT B A A e L S 10 ABE TS, 73
N R EED S 2017-08-28, 5% M 44 2 B 5K 575 43
WA BT T SR 2l 25 A = A 5 4k I
KB AR A, e k26 N HE, 9 AR
B, 8 AN, 20184F 10 A A 11 H 4071 (4%
KA IR T P I SR BT SRR R R RS 3.42 T N,
BT L EALEY s XMk E A
A B L S A E B 70% L BB R T
BERTE B BB S T R L, T R b R R E
T ) 5 T T A A R

1% 55 10 75 8 W I - BE QK o ) Fn 4 Bk

fit L& &R %4t (global navigation satellite system,

I B #.2021-05-17
T BB {5 [ RRE 34 (41774006,41702376,41907253)

GNSS) 45 IR BE i, (E #0200 B0 s it 0L
I, N 35 PR 9 L T A Y R R —
Fofr S 4 Al | 20 R R AR B R R T I8 i 1A AN
M TN v O A R OR ek A AR O A AL AR
5 ik T % M & (interferometric synthetic aperture
radar, InSAR) 4 AR ] ] 22 W 8 5200 /1 5 nl AL
#& B 35 (synthetic aperture radar, SAR) 5 1% #H fiz
TR AR IBOH 2 B INAE T A b T 9 I 5 R
ORI T EEAEH

2003 4F , ZRER LH R K E 135 m 5 T
e PP B R R U E A BT S A
PR, P DX R R M () 5 A 92 56T .
T e A DX A KRR R M BT AR A A S
KLU R AR 2 0k B AR i R MU
2000 4, SCHK [ 16 ] 3 Se1F = Wk J32 DCORT o 1 38 | 5k
I A P RV B A R R 3 A B AR S A L T
J&& 2 43+ ¥ Ul & (differential interferometric syn-
thetic aperture radar, DInNSAR) £ AR ¥f 3¢ Wi I , 45

F—EE RFIE WA, EENF R RTIL T W &Ik 50 5. zhutongtong@cug.edu.cn

BIAESE B EH L W1 Bl . shixg@cug.edu.cn



546 30 10 RIEIR4E R 2016—2020 4F Sentinel-1 55040 Wi 55 45 7 = i J22 X A 5 35 31 B o8 M 1561

5 IR WAL B T DInSAR £ W
P W0 A AT AT M o A H T DO A R L
FEEAR K, i 28 K A0 T FOR S 30 %5 T4 R R
il T DInSAR £ AR B H o S~ 17 50k ik fa] @,
fif 18] J7 31 InS AR 73 Hr 4% A 3 3 6 22 1 A SAR %
Tt B8 v Y v A T L H bR R ) P LR R AR T
A X B AR #EAT 0T B T IE S KRR
TR AR W DORS B AR = e PR DXL AR 3 3 W D v B
RN FH o SCHR[17-19 143 531 5% FH /N 3 2k 42 4%
#it 4E (small baseline subset, SBAS) . 7K A HX 4 &
T il 1= (persistent scatterer interferometry, PSI)
HE 7K A USSR (quasi persistent scatterer, QPS)
BRSNS B AR B 4 W0 e A8 B A M, 0 BB
MY AR JE RRE . STk [ 20 138 oF 5 5200 B s LA, 3
UE T SBAS J5 v 4R U A £ 40 38 A2 I8 45 2R i m]
SEVE T R T W AR T S A REAE R XS R K A AR
A B g R A O o SRR 21 ]38 A X b B T 3k R
Fil X Jk 2007—2011 4F 5 2 Jfi 3t W03 10 A2 (ad-
vance land observing satellite, ALOS) #H # 4 %4 L
I B A W fL 42 75 ik (phase array L-band SAR,
PALSAR)#12015—2018 41 £ 1 %5 (Sentinel-1)
B L) InSAR S5 58, & BLIK S N 283 3l 1) 52 i
TR R B . SOk [ 22 58 i R ALOS
PALSAREUE & #4740, SRICT = e 2575 3| Bb
U DX Sl g 35 R AR T 3 32 e 2 TR 9 5 T N
b AR 30 I . SCHK[ 23-24 1R 2012 4F
JE DX K A A s I 300 A e 4 B R X Bl M SAR
(X-band terrace SAR, TerraSAR-X) % #f& % ) 1
TR AT W A M E IR XS . T
W B i e AP AR B 78 3 AR f AT LA A B
35 mm/d"™, 45 KT S 1 R K 4 4w
I, 2014-08—2015-06 , AH ICHB 1% A4 £ 3 3¢ & vh
T HE AR Y X AT U N 2R B 9 R GPS Xt
NEBLN o S I i R UL (ER AR DS =i i s P <
PR o DALt 5 6T v B A9 AR 7 0 i R AT o Y
W 53 A, AR HROH AR TP 0 [l S B 28 4R 41T

A 3¢ F B F InSAR $ R X 2016-03—
2020-03 Sentinel-1 ¥4 5 $EAT 43 BT , 4K BURY BF 18
e J JE L DX Sl 3 AR AR O A TR IR BR T .
Tk X R B =T A AR e 3 0 B R AR Y A AT
AR W 0 A8 TE R AR A2 [ 25 . BB A, i X R
GG L AR T (4 52 e KR AT T e .

1 SBXE5#HE

USRS R R A R LSRR A N EN S W R S A )

W XA TR GE BT %0, 20 A A T B
R —R S0 (W 1) o 525 XA R, B
PR Hh T 2 H P 2 [ R 52 150~460 mm.
S 58 DXl P R AR AR, SR 30°~40°, i AR
Fl 7 500~750 mo [ 1 Hp 3R (8 HE JEAE IX 38 AR 5T
S X, DX A A A H R A B BRI R AR
BP-JR R WL ARG o 2 A PR LA 5 e a5 )
BOR N E RICT R R B2 h =& R4
EARMARE AR A . SR EEA
PR% Z R S8 3k 1L 2H 5 AT 0 R R R 8 o by b
KA SR A B R e S ek
IS 2% 3 J5 i 3 2% X W i 2, I 1 b
N HRTE 22 4h W 3 OCH A P R
AT A RSN 7D 9CE S F A
RE 3AKE ST T L R R W A
&

K
it
RE A g I 1240

T W W

HER]

1104°E 110.6°E 110.8°E 111.0°E

1 SEIX
Fig. 1 Study Area

AR 30 4 2016-03—2020-03 1 T MR T 95 B
7 (interferometric wide, IW) Sentinel-1 J} % %t 9
111 5o IW 8 20 09 51 90 &2 505 14 (single look
complex, SLC) — Mt H1 34~ 2% 777 2 1, 54>
AL 9 burst™ 7 36 MU F 29 250 km. b TR
FAH T AR SO B IR AR LAY 508 2 47 9 A S
LA B TV AL A, R A KBS 34T 34 JE 9T LA
WTWHE, T HGWHRME 2R . A3
T B 35 S8 X 30 m 2r BE Ay AW 3D DSM
(ALOS World 3D Digital Surface Model)'*" #F 47
i B C M L 25 43 T U0 IR AR ORI b 3 2 5 AR T
AL T4 B 35 3 BB GPS 3l 55 ZG86 Fil SP-6
(1) 2016—2018 4F WL I %5 45 3 UE InSAR 25 3 5 4%
B 2016—2020 4F 1 I A R4 ol i H (A B3 T 450 40
A= B e K B T T R M R R
DA i

2 B} InSAR &8

AR HL Sentinel-1 TW %48 B, K 26 3k o 78 5 4>



1562 ) G == T

fi B F 2 R 2021 4£ 10 H

burst 15 B 1] 3 WS A T4 3, 07 1) 2238 i vh
DR B2 KA AR . R, B S B AT FE A9 Tn-
SAR B Ab BT B3k B T 0.001 1% ) fic 1
R BE YA B R o BN PR BRI AR A R 25 . AR X
K AW 3D DSM Fl Sentinels ¥ %8 & B it JH T
burst [F] (4 JL AR FE 1 , JF 1) FH 38 58 335 3 4 J7 1ok Ak
TF I () 7P 80 0 7 A %, 14 7RG 0 o 2 X T
HERPEEZ MG SLC BE AT 2 TR i 4L A, A2
HRRE ) 22 5 T ¥ L

150

—
[V =3
oS O O
T T

114/
2

1004 4

-150F

._200 1 1 1 1
2016-03-10 2016-12-30 2017-10-21 2018-08-12 2019-06-03 2020-03-25

H i
B2 TWwERAS

Fig.2 Interferograms Combination

SAR AR T AR 2 0T LL 43 R 7k KBS R 15
R AL EOIRMR R . AR AR R E M,
G THOE A WD BAE BRI B B AR .
Gy R TE AR S s b oA )iz AR A R
FEME 22 o A SR T e o3 A 2 H AR R 7 v
P& ¥ 1 A 1 43 A X5 R ) 0T 4R X A
TWE T ERE RS A HR R RERE
PESY SR F AR G Bk i B 22 5 =X 50 B B AR
TEVEZE MR ZR SR 5 X 0 2k A R AT A 7 A Tk A3
Bk WO & B R G, AT = 48 M A R
g AR RAR R S p 7EE i AT R LAY i A
iAE ¢, , 7T LAFRIR N
bip = ot T Pipe T Pl T it + " (1)
K, b Pubopil, b A Pn? 43 KR B T HLE
AT RE M BT R A (digital elevation model,
DEM )15 22 iR AR KSR P 5 | B i) A 2 4
o B EAER T DR AR S B A K
e B AR A 43 1 AT DLGE f WU PR 2 1 A Al
TIU2 5 v R R 22 A G A 7 40 o n] L) ) A 2k
I DEM 153 22 2 ] i 2 M 56 &, i die /N 3 1
B 5 5 A0 o W) ok 5 g R 0 R M S LA
B 04 UE e 1 O KA AR U . ZE RS B R A
B0y & J5 B P 22 B A5 5 AT DL ad o 5 5 (8 53 %
(x2S

3 BE InSARZE RS

31 BEFEHETERE

AR SCHEFR I E 76 0814~ o5 H bR, £ BE A H
14904 /km?®, Bl 345 T 555 X 2016—2020 4F:
P AL 2k [ 4 S B 8 08 R K] 21 (il ) 3R B
Primes A, O GEE) R HisfEi DA, H
i JE GRUA T M B KR e A R B VD R
B T S R S M M MR =TI N i i b
KERWA s HART MR E S RRE . PN
T 7 VD B B S R XL e 5 T T R B
A MBI AES . F TR =R A
Jo) GR35 W A RN e U T A L R K
FHACPH AR BRI ARE . KILTRE
J B 2 AR T 9B KRl N S0 = Ak AR IR A R W
WU IR R AR A RE . T RILT X
Uit 2V Ak B U SRR s 1T B e K AR T R K F
50 mm/a. [6] B, AR S0 % PR AR 58 08 i 45 M A7 7E ]
B AR AR TE | B R R 2T 45 mm/a.

G Q AR
31.00°Ng A, penpe 4 G rgpe * 9EE
{ > Lo ¥ PR
1 A ﬁ;&mmi& iR | kR
s s : S 1 /(mm-a')
70
30.98°N
0
11056°E  11058°E  11060°E  111.62°E  111.64°E

P33 A (5]
Fig.3 Mean Velocity Map

32 WIEBEREMSHN

BB YA FAVLAT 5 L BE = R INZ4 47 km,
T Y AR A o B R AR, B b ) R A 1 b R
B E T BE, B3 22081 357, TR
PAK 25 800 m, R P4 FE 29 700 m, 1 JEE 25 50 m,
MARFRZ) 2.75X10"m?*, 2014-08—2015-06, % [&] 4
TP S A R B X BRIEAT T O Ak 38 DL RIS
WY A E RIS AT A7 ]I IR R 3 R B i
PR 4 25 Y T AR TR AT DL & B X
H Bl % A AR B R 2l 20~40 mm/a, W 9 FE AL
] 1 8K vl SRy B h AR JE vty B KB T 2 42
70 mm/a. A% SCHE A B AE B EE A B0 A GPS
il A5 ORE B UL T 4) 3R A = 4 B )3 A2 T1 X000 4% 5%
B E IR ), 5 AR InSAR VLI 217 X 1,
WK SR . ZG86 Fl SP-6 #5 5 InSAR f 7E4AR T



546 30 10 RIEIR4E R 2016—2020 4F Sentinel-1 55040 Wi 55 45 7 = i J22 X A 5 35 31 B o8 M

1563

WL Ak 8 22 {8 - 48 43 930 24 7.2 mm Fl10.7
mm, 2 E AR EZ 55 8 8.2 mm Ml 11.1 mm., i%#
Z R 2l GPS 5 InSAR A5 78 B 8] F125 [
EARZELEESFH. BIKKEE InSARL R Y
GPS Wal 25 5 Wy G453 845, Bk T InSAR 45 1 (1)
CIE A

Ly L
0 HITbCR
2

/(mm-a l)
¢ 70

30.98°N 8

! - =70
110.61°E 110.62°E

4 RSP IR 248 0 o AR [
Fig.4 Mean Velocity Map of Shuping Landslide

J2E 7K AL AB Ak R R R BT AR TR Y B
AN S i S ) G VAN 3 TR S S S
By BR AR AR Ry 0 F 5T 2 X H 2012—2016
A GPS Wi B0 2 B AR B 3 O IS W BR AR B
FRAETH R (HNE 6 Rl 7 X P, 5 Iy X 4h
P, 150 I A8 B AT LA S 300 728 9 Y [ B 4 AE
BSRAFHE . TR Py i AE 2017—2019 4F PEJK i1 F
Ree bof 0 R S 2 ) AR R, SR R B o B i
20 mm. P, Mgk 1) BRI ik F) 150 mm, 4%

PR S e B VA N S e T N S A
20184F 4 A —10 A By 70 mm [y hink , A L i
S P78 I8 [) B A A 55 1 K AL 728 A6 AH O 19 /0N T
By BR AR AIE

" o InSAR
04o
£ 50}
£
Jg’\é 100
150 | |
-200 . - - -
2016:03-10 2016-12-30 2017-10-21 2018-08-12 20190603 2020-03-25
BRG]
(a) INSAR 5 ZG8645 Jxf Lk
30 ' ' " oInSAR
O(RQ *=GPS

-150
-200 : : : :
2016-03-10 2016-12-30 2017-10-21 2018-08-12 2019-06-03 2020-03-25
H 3]
(b) InNSAR 55 SP-645 44t Lt
K5 InSAR 5 GPSZEJE WL E X Lo
Fig. 5 Comparison of Displacement Observations Be-
tween InSAR and GPS
50 200
1150
£
1100 = ﬂﬂ%
150 B
-150 0
2016-03-10 2016-12-30 2017-10-21 2018-08-12 2019-06-03 2020-03-25

EE:1]
(b) Py 13725 H 15 e 7K AN R B T 556 L

JEEARAL ——

BI6 Py P, Y I PP AR ] A5 128 7 AL 0 e ek X L 2]

Fig. 6 Comparison of Time-Series Displacement of P, and P, with Reservoir Water Level and Rainfall

10 200
0¢
-10 + 1150
g
£ 20 1100 § \E
30t S
40 lso 5%
=50 |
60 0
2016-03-10 2016-12:30 2017-1021 2018-08-12 20190603 2020-03-25
H
(a) PRI 5 PR/ AU e j B0 B
oJpx
33 Z(TRMBEREBFBEED

SR ST E WA R R A e i
10 S AR S, G5 A A T, SRy oty o T A AR A T O
WmREE, A2 EMOE N -2 IR TS
BE, VU A A% 8 T MBS, S S R 2y 140 m,
J5 Sk AR 2 350 m. MK 24 830 m, B 24 300 m,
I L2 2.49X10°m*, ¥ JE 2y 22 m™™, AR
P YA T T A, MO B A 15°~30°,
PR 15 m, M FL R 1.62X10°m*, f Jg %5 A 8

WK e b n o, 5 = TR T R R
Iy

ME 70T WL, =] 1 AR I8 A T
T 1 I B A, i 2 AT K X AR JE R R R, IS SR
18, B KA IE o A 2 A2 51 S G 1 i, P
BEAL LW RN T e AL T H T AR
JH R B, e RAL T SR 66 mm/a, 1% 3 W
RN, B A SR s 5C . 84 ih T =
I3 ¥ 3 Py 5 R A G 0 W P s B I R AR TE T



1564

ER N

2

fi B F 2 R 2021 4£ 10 H

VLE 2 A 50 2 ) 82 A B KT 250 mm
2017-02—2018-08 P, Fl P, 5543 51 HY BE 29 350 mm
1150 mm MR AL , Z 5 A T 2% .

dy i s
Wit
AT

AR S

SNECHERS

/(mm-a")
70
0
30.967°N
= g . B A o vk =70
110.575°E 110.580°E 110.585°E
L7 =TTl R G35 e T Y AR O e A

Fig. 7 Mean Velocity Map of Sanmendong and Zhoujiapo
Landslides

T A S A T e R R R 2 R S
A 5z /s — 3 = RAE 45 05 34U P AP, i 19 72
e A g R A 8 PR TR . il M
HFARECT PP BB Y R AR, IF 5 X

100

200

—
N
S

g -100 £
= 1100 &=
X200 <
R o
-300 0
400 0
2016-03-10 2016-12:30 2017-10-21 2018-08-12 2019-06-03 2020-03-25

H 3
(a) Py iR TV L /K (R TG 9 2% B

[ R 55 /mm

KA AR Ak R H TR R A R SO IR
IKAE T 8 B 3 A8 T o e A A K] 43 S 9 i 5
BB, FEEE 1B B R K A T B a) #5 , Py A
PSSR A K . Z )5 2 B S, P,
SIS I 2k 8, B 2016-07 A8 B 35 2 0.3
mm/ do FE5 2.3 B Bt A2 i /K A U 2 5 e i
TR R G 3 v A AR B B B BR S T AR IR
JUHAE 20174 1 H —7 A W8], W B A48 T8 1 2R bl
FE KA T o8 3 23 ) 48 R T 44 K, B[R] Py A e R
I A — BT 0.8 mm/d. TES 4.5 B BEE
K ASE T I 5% i) D0 S /)N W e B AR O 1 By
BREFAEHE TS 28 . 7E 2019 4F 3 H —6 H FEK i T
R, P S AR e R B N Rt 3. 7F 2019 4F
8 —9 71 LA K 2020 4F 1 7 —3 H K AL [ i
W1 AR B AR R AN T 0.2
mm/d. R, 2658 4.5 [ B A 1 3% 28 I i Rk
KBEAG, R K AL AS Ak 51 K 1 TR 19 o AR JE i

50 200
0

,50 T 150

10 £E
1100 4= 5

15 OOAE%
200 L Jso T
250 Immm o
300 him

201603-10 2016-12:30 2017-10-21 20180812 20190603 2020-03-25
H#
(b) P, R/ T PE AR A7 TR o 2% L ]

O AR —— Uty — JE KN — BET 5
B8 Pyl Py I 25 1 5 PR K437 11 R X E ]

Fig. 8 Comparison of Time-Series Displacement of P, and P, with Reservoir Water Level and Rainfall

AR SCHE I = TR 0 R G 4 T 3R Y R
A5 2018-04 F4d i I 16 4~ A 195 IRl A i
BRI R TR G, BT R AAE S m oy
e TR IEAT TR R e R G R
b iRl R A
34 BERIGFHRTR M

AR SCHE SC B0 XN R B 2 BT 5 N80 B %
YIAH ¢ By b R AEJE o % X 3 2016-04-19 i
2019-10-01 By 4 K AR an 18 10 (a) L &1 10(b) fF
IR0 XF L RS B AH 19 5 15 & I T R N K B O A
Bl T AR AL I S, RE GRS AN T R DX O T — A%
RANE, D NREERA M BN, R
W3R A 4 1) o7 3 A8 T8 s R 1 (L 10(e)) s |
WAEE SR XA B EAIE ., EEA

IS RS ST B 2, RN B 1 AR OE 5 H B o

N

B o T Y AR AT N I U 2R B KR T TR AT Gk 45
mm/a. K 11451 T BE KGR P Al P &/ 1) 7
I . P Pg s AE 2017 4R 43 51 H B2 50 mm
A1 100 mm Y I 3 AR JE |, 3X 1T BE 5 4 A 2 B RN 26
piol/N S BT R e Rl I W S S SO P ) O e
75 2019 4E R H BLZ) 50 mm N AR TE |, iX 5 0
0N B Y B T VIR G

4 % F

A3 H B FE InSAR 4% AR % 2016—2020 4F
Sentinel-1 £ 48 #4773 B A BEAS T S J] Bl b IXC ) 7
b R R B, A R T T Y R B KA LR
G VDB T A BF R AR 38 0 Bk DA R T T
W R = U1 R R . AR R K



246 B 10 W)

R [7) [ 45 < F T 2016—2020 4F Sentinel-1 504 i 0 -5 40 = e J2 DA B 3 3 A v

1565

-
oo

T T T T 10
16
14 03
=l o
£ 12 0 o
£ 10 g
% 08F o P i Rl
S et B S g z
O] -k LT o ° 105
04 I wem K (i FIEHRS Ay
02 HEER " % S 1.5
) _oog“ood’%tu; :
= : % ! = 2.0
2016-03-10 2016-12-30 2017-10-21 2018-08-12  2019-06-03 2020-03-25
H i
(a) PyRILP, TR T 56 55 PR KA AR AL e L
18 0
16
14 s
T2 E:
g 10 10 F
% 08 o Iy
R 06t o p S 0% .
/, B 4 o
~ 04+ mmHERE o o° - m
02 0% o o F 1720
2 [ ) o o o
0 _°°goooo‘9%o NI .,...,,..::::,..:. - ﬁ
() 1 1 1 > 1 o 25
2016-03-10 2016-12-30 2017-10-21 2018-08-12  2019-06-03 2020-03-25
13

(b) PP, HATE 4 55 H [ LR E ]

K9 P.f1P,pYHAS
Fig. 9 Comparison of Daily Displacement Velocity of P, and P,

£ st

f
/

#

A_/\

n

AL

i % RO B

-

f‘

[+

“a 'f;{létifuﬁ \//{)

\

HERO

PON-A
T

%

(b) 2019-10-01 25k HbER

ST A 5 AR A S A AR | R T ) X L

with Reservoir Water Level Change Rate and Daily Rainfall

AT A
/(mm-a ])
50

N e, =50
(ORE2E S AuEdc

~LEY
T

%

K10 AEZIE A R AL T
Fig. 10  Ground Displacement of Xiongjialing Village

39
BT Pl PRI 7S HE 4]
Fig.11 Time-Series Displacement of P; and P;

JEAZ R 2 70 mm/a. @ iK InSAR B #2248
5559 2016—2018 4F GPS i s WL 25 5 X L
Gy BT & B AU T Bt 7E ZG86 il SP-6 i A5 22
SR AE 2> 508 7.2 mm A1 10.7 mm , B 1E 22 43 5
J98.2mm Al 11.1 mm, 5k T InSAR 45 R0 A 2L
PR o 38 S XA EE =TT AR 8 3 Ak T DA
A8 G Y b 3 A8 HE A7 R AE RS ) XL 2R 0 A, A
LA S538 < (1) 2 K A5 AN R TR G 52 ) o ARS B R
=T S R M R R K AL i Bl B B R 4R rp R
T A 40 2 o BT A AR O L (2) 3R B TR AT

B/
57

IS
2



1566

VRN EPNEE S X SR )

[T 2021 %10 H

PAR R U6k 2 i 3 7 2 o R A 2 i A2 JE B A
TG B4 BF 8 B R b 1 B AR e S AR T s
PR AR AT i . =11 R R R e W %
IR TR S AR TR il DO B O F 2% . (3) AR
R RS S SRR W], 20 Bl B M 22 B AR W Rl A 55 A
Je i gl DX I B R SR Y T L D
W, Kt HEER e . B Sentinel-1 T S H]
e 22 55 ) FAt SARAE 55 (9 MLIZ AT, ARkl LUK
HE I LI Y 96 B SAR KUK JT i 1 B 4 M SR
DRI 3 LA % 977 9 Ik I3 B VT i 2 % 30

Z % x #

[1] Liao Mingsheng, Zhang Lu, Shi Xuguo, et al.
Method and Practice of Landslide Deformation Moni-
toring by Radar Remote Sensing[ M ]. Beijing : Scien-
ce Press, 2017 (B A=, sk itk , L4 4 Wb
JE Bk Iy vk 5 S (ML db T B R
#,2017)

[2] Huang Rungiu. Large-Scale Landslides and Their
Sliding Mechanics in China Since the 20th Century
[J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2007, 26(3): 433-454 (¥EiEFk . 20 4 U
S v [ B R B S B O AL [T]. A S
TR, 2007,26(3) : 433-454)

[3] Xu Qiang, Li Weile, Dong Xiujun, et al. The Xin-
mocun Landslide on June 24, 2017 in Maoxian, Si-
chuan: Characteristics and Failure Mechanism [J].
Chinese Journal of Rock Mechanics and Engineering,
2017, 36(11): 2 612-2 628 (i, ZN'K, EFH
T, AR DU B A B U S I B REAE 5 R R L
I LHEIE [T]. A4 155 TR, 2017, 36
(11): 2612-2628)

[4] Zheng Guang, Xu Qiang, Ju Yuanzhen, et al. The
Pusacun Rock Avalanche on August 28, 2017 in
Zhangjiawan Nayongxian, Guizhou: Characteristics
and Failure Mechanism [J]. Journal of Engineering
Geology, 2018, 26(1): 223-240 (A6, 4o, B3
B, % 20174 8 A 28 H 5N 4 7 L 5K S0 B0
B8 AR AR 5 B R HL I 5 [T]. TR M B 4
2018, 26(1): 223-240)

[5] Xu Qiang, Zheng Guang, L.i Weile, et al. Study on
Successive Landslide Damming Events of Jinsha Ri-
ver in Baige Village on October 11 and November 3,
2018[J]. Journal of Engineering Geology, 2018, 26
(6): 15341 551(¥F 5, KoL, 200k, 4. 20184
IR IR D AU INEL LT/ E" a1 S S AR )y
Bro#F 52 [J]. T L BT 2% 4, 2018, 26 (6) -
1534-1551)

[6] Xu Qiang, Li Weile.

Dong Xiujun, Integrated

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Space-Air-Ground Early Detection, Monitoring and
Warning System for Potential Catastrophic Geoha-

zards[J]. Geomatics and Information Science of Wu-
han University, 2019, 44(7): 957-966 (4%, # 7%
T, NIRRT RE M — R R b R
R A LS R0 5 M D T [T ] B A 1R R
Bl iR, 2019, 44(7): 957-966)

Xu Qiang. Understanding and Consideration of Re-
lated Issues in Early Identification of Potential Geo-
hazards [J]. Geomatics and Information Science of
Wuhan University, 2020, 45(11): 1 651-1 659 (%
SRS Ml 9 B AR SRR DG ) R AR R
F 1], RDUR 2240 -fF BB, 2020, 45(11):
1651-1 659)

Calcaterra S, Cesi C, Di Maio C, et al. Surface Dis-
placements of Two Landslides Evaluated by GPS
and Inclinometer Systems: A Case Study in Southern
Apennines, Italy [J]. Natural Hazards, 2010, 61
(1): 257-266

Malet J P, Maquaire O, Calais E. The Use of Global
Positioning System Techniques for the Continuous
Monitoring of Landslides: Application to the
Super-Sauze Earthflow (Alpes-de-Haute-Provence,
France)[J]. Geomorphology,2002,43(1/2) : 33-54

Scaioni M, Longoni L., Melillo V, et al. Remote
Sensing for Landslide Investigations: An Overview
of Recent Achievements and Perspectives [J]. Re-
mote Sensing, 2014, 6(10): 9 600-9 652

Tofani V, Segoni S, Agostini A, et al. Technical
Note: Use of Remote Sensing for Landslide Studies
in Europe [J]. Natural Hazards and Earth System
Sciences, 2013, 13(2): 299-309

Yun Ye, Lii Xiaolei, Fu Xikai, et al. Application of
Spaceborne Interferometric Synthetic Aperture Ra-
dar to Geohazard Monitoring [J]. Jowrnal of Ra-
dars, 2020, 9(1): 73-85 (&M, B, (T4 HL,
S5 R InSAR HEARTE Hb 5 9 i 0 45K 6
[T]. Bk, 2020, 9(1): 73-85)

Wang F W, Zhang Y M, Huo Z T, et al. The July
14, 2003 Qianjiangping Landslide, Three Gorges
Reservoir, China [J]. Landslides, 2004, 1 (2) .
157-162

Jian W, Xu Q, Yang H, et al. Mechanism and Failure
Process of Qianjiangping lLandslide in the Three
Gorges Reservoir, China [J]. Environmental Earth
Sciences, 2014, 72(8): 2 999-3 013

Peng L., Niu R, Huang B, et al. Landslide Suscepti-
bility Mapping Based on Rough Set Theory and Sup-
port Vector Machines: A Case of the Three Gorges
Area, ChinalJ]. Geomorphology,2014,204:287-301



546 30 10 RIEIR4E R 2016—2020 4F Sentinel-1 55040 Wi 55 45 7 = i J22 X A 5 35 31 B o8 M

1567

[16]

[17]

[18]

[19]

[20]

[21]

[23]

Ye X, Kaufmann H, Guo X. Landslide Monitoring
in the Three Gorges Area Using DInSAR and Cor-
ner Reflectors [J].
and Remote Sensing, 2004, 70(10): 1 167-1 172

Liu P, Li Z, Hoey T, et al. Using Advanced In-
SAR Time Series Techniques to Monitor Landslide

Photogrammetric Engineering

Movements in Badong of the Three Gorges Region,
China [J].
Observation and Geoinformation,2013,21:253-264

Shi X, Zhang L., Liao M, et al. Deformation Moni-

International Journal of Applied Earth

toring of Slow-Moving Landslide with L- and
C-band SAR Interferometry [J].
Letters, 2014, 5(11): 951-960
Perissin D, Wang T. Time-Series INSAR Applica-
tions over Urban Areas in China[J]. IEEE Journal
of Selected Topics in Applied Earth Observations
and Remote Sensing, 2010, 4(1): 92-100

Zhou C,Cao Y, Yin K, et al. Landslide Characteriza-

Remote Sensing

tion Applying Sentinel-1 Images and InSAR Tech-
nique: The Muyubao Landslide in the Three Gorges
Reservoir Area, China[J]. Remote Sensing, 2020,
12: 3385

Shi Xuguo, Xu Jinhu, Jiang Houjun, et al. Slope Sta-
bility State Monitoring and Updating of the Outang
Landslide, Three Gorges Area with Time Series In-
SAR Analysis[J]. Journal of Earth Science,2019,44
(12): 4 2854 292 (L2 [, PR I8 I, 55 . W)
7 InSAR HE AR =ik JA DX 3 1 3 A A 1 e 0 5 4R
AUHLI]. HERE¥,2019,44(12) : 4 285-4 292)
Shi X, Liao M, Li M, et al. Wide-Area Landslide
Deformation Mapping with Multi-Path ALOS PAL-
SAR Data Stacks: A Case Study of Three Gorges
Area, China[J]. Remote Sensing, 2016, 8: 136

Liu G, Guo H, Perski Z, et al. Monitoring the
Slope Movement of the Shuping Landslide in the
Three Gorges Reservoir of China, Using X-band
Time Series SAR Interferometry [J]. Advances in
Space Research, 2016, 57(12): 2 487-2 495

FanJ, Xia Y, Zhao H, et al. Monitoring the Defor-
mation of Shuping Landslide with TerraSAR-X
Spotlight Images[ C ]//IEEE International Geoscien-
ce and Remote Sensing Symposium, Melbourne,
Australia, 2013

Wu Q, Tang H, Ma X, et al. Identification of
Movement Characteristics and Causal Factors of the
Shuping Landslide Based on Monitored Displace-
ments[J]. Bulletin of Engineering Geology and the
Environment, 2018, 78(3): 2 093-2 106

Yi Qinglin, Wen Kai, Qin Shilei, et al. Analysis on

Effect of Emergency Treatment Project of Shuping

[27]

[29]

[30]

[31]

[34]

Landslide in Three Gorges Reservoir Areal[J]. Wa-
ter Resources and Hydropower Engineering, 2018,
49(11): 165-172 (& ok, SCHl, BE A&, 45 . =k
JE DX AR B R SR B AR O A T L)L KRK
A AR, 2018, 49(11): 165-172)

Wang Ming. The Spatial Prediction of Bedding
Rock Landslide in Three Gorges Reservoir Area of
Shazhenxi Town, Zigui County[D]. Yichang: China
Three Gorges University, 2016 (M . #1570 8%
B = PR X B W e A [ W (D], HE =
Ik K27, 2016)

Torres R, Snoeij P, Geudtner D, et al. GMES Sen-
tinel-1 Mission[J]. Remote Sensing of Environment,
2012,120:9-24

Takaku J, Tadono T, Tsutsui K, et al. Validation
of “AW3D’ Global DSM Generated from ALOS
PRISMI[J]. ISPRS Annals of Photogrammetry, Re-
mote Sensing and Spatial Information Sciences,
2016, 3(4):25-31

Jiang M. Sentinel-1 TOPS Co-registration over
Low-Coherence Areas and Its Application to Veloci-
ty Estimation Using the All Pairs Shortest Path Al-
gorithm [J]. Journal of Geodesy, 2020, 94 (10) :
1-15

Jiang M, Ding X, Hanssen R F, et al. Fast Statisti-
cally Homogeneous Pixel Selection for Covariance
Matrix Estimation for Multitemporal InSAR [J].
IEEE Transactions on Geoscience and Remote Sen-
sing, 2014, 53(3): 1213-1 224

Zhang Lu, Liao Mingsheng, Dong Jie, et al. Early De-
tection of Landslide Hazards in Mountainous Areas
of West China Using Time Series SAR Interferome-
try: A Case Study of Danba, Sichuan[J]. Geomatics
and Information Science of Wuhan University,
2018, 43(12): 2 039-2 049 (3%, B4, FEA,
5 . T F A InSAR 43 M 1 P 6 101X 0 K
SRR R LAY PR S [T]. IR AR
A5 BRHE R, 2018, 43(12): 2 039-2 049)

Liao M, Jiang H, Wang Y, et al. Improved Topo-
graphic Mapping Through High-Resolution SAR In-
terferometry with Atmospheric Effect Removal [J].
ISPRS Journal of Photogrammetry and Remote
Sensing, 2013, 80:72-79

Zou Z, Tang H,Criss R E, et al. A Model for Inter-
preting the Deformation Mechanism of Reservoir
Landslides in the Three Gorges Reservoir Area, Chi-
nalJ]. Natural Hazards and Earth System Sciences,
2021, 21(2): 517-532

Song K, Wang I, Yi Q, et al. Landslide Deforma-

tion Behavior Influenced by Water Level Fluctua-



1568 R K¥%Ww - F BRI %MW 2021410 H

tions of the Three Gorges Reservoir (China) [J]. Landslide in the Three Gorges Reservoir Region Un-
Engineering Geology, 2018, 247:58-68 der the Combined Effect of Reservoir Water Level

[36] Sun G, Zheng H, Huang Y, et al. Parameter Inver- Fluctuation and Rainfall[J]. Engineering Geology,
sion and Deformation Mechanism of Sanmendong 2016, 205:133-145

Stability Monitoring and Analysis of the Shuping Landslide in the Three
Gorges Area with Sentinel-1 Images from 2016 to 2020

ZHU Tongtong' SHI Xuguo' ZHOU Chao' JIANG Houwjun® ZHANG Lu’

LIAO Mingsheng®

1 School of Geography and Information Engineering, China University of Geosciences, Wuhan 430078, China
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Abstract: Objectives: Due to the impact of unfavorable geological conditions and periodic water level fluc-
tuations, the stabilities of the bank slopes in the Three Gorges area have always been concerned. Methods:
111 Sentinel-1 images covering the Shuping landslide and its surrounding area from March 2016 to March
2020 are obtained. Time-series interferometric synthetic aperture radar (InNSAR) analysis method combing
point-like targets and distributed scatters employed to obtain the slope displacement of our study area.Re-
sults: We identified 7 active slopes with a maximum displacement rate of 70 mm/a. Our InSAR results
were validated by comparing measurements with two GPS stations installed on the Shuping landslide from
2016 to 2018. Time-series analysis indicated water level variations and concentrated rainfall are the main
impact factors of slopes. Our study indicated landslide control projects will significantly decrease the slope
displacement rates of landslides. The maximum displacement rate of the Shuping landslide decreased 70
mm/a after the cutting slope in 2014—2015. The displacement rates of the Sanmendong and the Zhoujiapo
landslides also reduced from 0.8 mm/d to 0.2 mm/d due to the revetment works from 2018 to 2019. At the
meantime, displacement in Xiongjialing Village induced by anthropogenic activities such as road construc-
tion and vegetation cultivation need to be monitored closely in case of developing into safety threats.Conclu-
sions: Our results indicate that the time-series INSAR technology can effectively identify and monitor active
slopes and provide technical support for geological hazard risk mapping and disaster prevention and mitiga-
tion.

Key words: the Shuping landslide; displacement monitoring; time-series INSAR; reservoir water level;

rainfall
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