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Abstract: Slope displacement is the most direct embodiment of slope stability. Thus, it is of great significance to monitor the
known landslides and detect the unknown landslides by routine time series displacements of landslide prone areas. Synthetic
Aperture Radar (SAR) images with its wide coverage and capability of high presicion displacement monitoring play more and more
important roles in landslide identification and detection. In this study, time series InSAR analysis method combining distributed

scatterers and point-like targets is introduced. Then, we investigate the stability of the Outang landslide and surrounding slopes
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with 19 ALOS PALSAR images from 2007 to 2011 and 47 Sentinel-1 images from 2015 to 2018. Three new active slopes were
identified with the Sentinel -1 datasets compared with the results from ALOS PALSAR datasets. Time series displacement

analysis indicate the rainfall and water level fluctuation seriously affect the stability of slopes in the Three Gorges area. As a result,

time series INSAR analysis can be carried out routinely to monitor and detect potential landslides.

Key words: Outang landslide; displacement monitoring; time series INSAR analysis; rainfall; water level; engineering geology.

0 5l%H

TR e LR B b — 3B A AR TR N A
2 i AL R AR R ¢ AR Pk, DT S B R AR
R—whmm IR (T 48 %,2006). T
R AW T2 M DL B R MRS g, W 3 2 8 fE
FHREEHEA S 0 B AR E AR T AR (T 4858
45 ,2006) . EAE K, T NG SR B R R B 52
Wi, 3 ] g = e A D 1] 45 9 S L DX 9 R AR
g N B AR A W A A ok ™ LW (Huang,
2009) . BRI, 207 % o 3 2R A7 R K W oA
I A T LA KT BRI K

E by i 5 R e Wk %) o B AR B, T B 3R TR AR
— B AT RERE S H, A2 TiF 2
708 W I - B T B A% G 1 R b I 42 3KOE A R
i MR AT 35 (InSAR) %5 3 W il ¥ 3 A8 9% | 7
S35 AR BUE (14 45 O 1 33 F A7 T4 T 0 1 ik
P 30 (1) 1 40 T B e 1L X 55 F N A i RO i A 3RS
AL TR IR (SAR) I T HAE S HE R AZRFE
M) 5 2 DK £ %) W WA R oS 7 L DX AR R
TN e A 4 Ak i i AR T

2000 4F , 2 F AT H 22 4> T W & £ R (DIn-
SAR) G A, I3RS AE = e g DX 4 1 22 T 3 0 O
Il RIUARS B 1 Sk A5 BB B AR 1 A N T A RO
T J 25 43 1 U5 I it ¥ 3O AR W, 7 AR RS A R
A5 2 2K % 1 W 0K JE (X e al., 2002) B[] i % B
e A R, S AR S A R R R Bl
We) 5 1T B E SAR AR BT B 2 H AR
T B F InNSAR % AR W 5 A 40 7 AU A T 85 D
H (Ferretti ez al., 2000, 2001) 47 A F1 /]s 3 28 B 4
AR (SBAS) (Berardino et al.,2002) 3k 72 IR 2= 4H T
MRS B R . BT InSAR 8 AR H 3R SAR
AR R AT s H AR AT IR AR 4 B, X 2 A5 H bR
AN 3Z B ] 25 (]2 A T 5 e, O AT AR AR e R R 22
3N W NS NN 4= DI R 7/ A 41U
JEIR B 2 K 9 FR [E 25 2 BT P InSAR AR AE =
W R X - B B R BRI B (Ye er al., 2004

Liu ez al.,2013;Shi ez al., 2015, 2016, 2018 ) . FF Hfi
e A1 3 (Sun et al., 2015) P4 1] B 3 f 8 B
i ¥ (Chen ez al., 20145 Tang et al., 2015; Qu et
al., 2016 ; Dong ez al., 2018a) Fll # + 1 3 (Zhu et
al., 20145 Zhao et al., 2016) & BUAF B Ty ) 1 . 4%
1M, WF5E L e 3 B AR R b R S L X, T
PehEm Mg E S 2 RS B AR,
il S AR AR 25 )t IR R 22, S BURA SR
n] 5 (Wasowski and Bovenga, 2014). A It , 75 & 7
PRI SAR AR s HAR 540 X H iR, 55 A
SR b % T U R A B bR B SR AR I RS B
(Ferretti ez al., 2011; Dong et al.,2018b) , SZ B 111 [X
T ST R A B TR PR L BE B A A AR R 1Y Kk
JE SRR R TER - X R T KE A
# SAR AR A R T X [6] — Hb 7 H AR 2E 478 42 Iy sl
(51 91 53 B 5 e e M TR, Sy 9 B R 9 B B 8t K s
B 47 2R

AT HE A SAR 2R R K AU 1R 43
A 205 B AR P9 InSAR 43 8 8032 (1) R A J5 B, )
FH MM Bk X BT i — Wk R B O A 2007 4E 8 A &
2011 4E 2 A ) 19 5 L % Bt ALOS PLASAR % s fl
2016 4F 5 7 2 2018 4F 2 J 9 47 5 C J% Bt Sentinel-1
s AT 4 B, 2R IBOHE 3 T SO AR Y, O X A YR
e R ] B3 AR B R PR R AT W D ROR S T, B X
S AR HEAT 20 BT

1 BFF InSAR 43 #7071

SAR FEMG 1% 25 0] LU i B2« 7k A IS
(persistent scatterer, PS) (j 3= 3 Hu A3 (1) 55 H b5 F1 53
A FBFHA (distributed scatterer, DS) (5 3= 5 37 114
A H AR . — Ok U, A0 SR AR FE Y A O AR
4 [ 39 378 378 I F S 16 A b T H A ELAE G AR E L R
AT UARR AR 3= K ABUH A Rz R — R R
PRI A A A S A g T AT DA o A 2 M AR
2N A U H bR TR A AR 5 — OGS IO AR K% A
CE AR SR T H bR L T H AR ] RLE AR A Y i R N
DA A T AR e L A B Mo o3 A X



4286 HIERRL2E  http://www.earth-science.net

o544 3

H b5 W) 32 Bsf (8] 25 A0 1 25 8] 2548 - DL AR HUsT 25 40
T4 R ER RS M K, A A AR PRI, MR R
W, R T M T H A AT 2 I R E MR Y
MEmEEE B, B TARGRT , AR SH
B N T SR BR 88 1 5 A 48 H BRHR B . #E InSAR
BF 3 A B DG B D SR v s Y S H AR s g I AR A
fifp 2 1% 25, DT T B R 4 45 RO T 4R (Wasowski
and Bovenga, 2014). B, Sy 1 38 fm #5095 B2 DL AR IR
InSAR fR R AT SEME W EL G ARG s i S Bs
Aoy A X H bR FEATHR G 4007
11 mBHEE52HXBRRER

TE X 2R HCHY B 08 52 AT £ AR e i G
KRN 22 47 T W SR AL FL S AT DL A5 3 8] 8 Y
2200 TU B Ll T 28 43 T U (&L 32 i 1) # LA 25
AT RS2, PR, 7 B3 BURS E A H AR EEAT 20 A
ACH R AT RLSR A% G 1 % 8 B 25 (Ferretd et al.,
2001) AT W A 43 B 0 26, O o 2438 o AH L 19 AR E
0 28 S A 72 (Hooper et al.,2007) .38 ¥ 150 F , 7]
LA 3 3 38 U8 I 2 2 AH 7 T Y A T 1R 2 AH AL AN
U A2 A5 Ak v ok 8 T LG S B 2k 55 A 67 =2 1] Y 4%
PESC RS 3 m AR 22 5 A A AR AL . D2 28 1 T 5 A1
A #% B b AL T 15 2045 A0 A7 )5 7T LLAS 21 A f7 5%
2 AT AR RS E M y

1] & .
=N DlexpV —1 ¢l |, (1)
1 i=1

Ho N RoR T BB, ¢, T AL R 2%
T4 A 2 H AR e b S5 R R e R 22, N
b o A X H i Y 2k BT B R AT IR T U O G 1%
FAR ML I8 A TR R R AR . — R U, AR
oU M TET H AR 04 180 A5 S R AR LR . L, 7E SAR
B % R0 (15 B0 F (N>>20) , 1 L3 i 3 5 50 1%
5 56 19 7 5 49 G0 KS A 56 A A D A 56 S5 1L SAR 5%
12 5] it 25 (Ferretti ez al. ,2011) fHIB 5 & LA K.Y
SAR AR BCRAR T 20 i, 1 TREAR K D AE S5
DU 1 7 i A T E A5 20 09 6] 0 1R BORE & 7 A R il
SEE A SR AT PR [R] BT 3L BT B (FaSHPS)
(Jiang et al.,2015) , b 77 vk o008 = R i = 1
V14 A1 15 G 36 1) A0 A8t Shy A DX T4 R 48 i AT
R A B, i PR E | 7E/NRE AR B TT LU
T Al 2 BB B AG 58 B0 TR) o A, o s OR (9% 9%
45,2016 ). R B3R J5 vk AR B W] BT A5 S L 12 48 DS
10 )7 InSAR 43 H1 7 i — MR H @A 4 1 1 9 B
21 A R g UEAT R B A 0 A (Ferretti ez al. , 2011)

A T S5 A AH A TR A B 5 Y R X
S5 DX, 1 B b A S A b T H BR 2 3 PR R
A X RGO HEAT 24 A M RE I L3R U
K, PRI AR SC e HE S /)N R 4 85 40 48 v i e e i)
LR 2 (R BE LR I AL A SR I . B, R AH T S AL
EEC et Rt WU R A i e | S s A T B -8, 3
(Deledalle ez al., 2011) , FH 3% 3 15 2 19 A1 07 105 &
FT N ARt s A . e Y DS T R 3 1k A1 A a5
N W 5
1.2 B EF 545 5 b2

TERE T PSHIDS ZJ5 8 F Rk a] Lok ik
SRR R AT = 4k A A% 4 (Hooper and Zeb-
ker,2007). fift 48 J5 WA AL p 0% T AHIEAS ¢, FLE
W2 P, FEIRZE o KB ¢, LA SIS @,
SRR T RS g HA A5 A R A
AT LLE — 3174l 1

p=¢sT ¢t i T bt o (2)

T iy R DT AS o S B T A 7
23 (B AH G 1, PR Ok A 201 8 S RS o L P 33 A B
17 — AR Al A AR AL A5 S . T A A 3
Al LASE 3 — A Bk M 22 0 S E AT $ A (Shi et al.,
2016).DEM 15 22 W) A] DL 3@ o) 22 5 5L 48 5 B Z [H]
1 2 M DG 2 3 ot A /s e Oy W AR IR X T 25 4 A A
FRESE . TFIIK KRR 4, Jilid 5
o PR R 6 1 8 M A L 55 A A B I TR B A A
KA (Liao ez al., 2013) . 76 Ak 7145 2] R #6147 7 i3
ZJ5 AT LA 3o fe /N AT S 43 i 7 2k 3R B[]

I A
2 S X5 R

= KR SR 2 A T B R R K IR A T, +
SO B K 3K 5300 km, JZE X LA B R 32 A Hb
R E AL = K #2006 4 58 T, K
KA B K AT 64 m TR A 175 mL KL,
R U K TR i B AR 22 W AR B A K filh &
TAR Z v b, W e i kTR 2 v B, 4 T
W5 B 1 RN BF 1 3% 4 (Wang ez al.,2008a, 2008b) .
5 bRl B, =gk 1 it K A 1% JE 0T gk R AR R i
[ESERUIARS N i o WM =N

8 07 T 5 KA Bk B 12 km B RTT
A1), 2 32 = 0 5 /K A 36 52 i) 658 K 10 oy 3 o
Z—(RUTFE %, 2016). 38 % 19 B IR 0 )2 3 25
B, AR RS L K 2 1 800 m, & A AH X 22



%12 1) 025 1 A5 P InSAR B AR =082 7 DR 5% i 3 e e WA ) 5 PR A T 4987
109.2° 109.3° 109.4° 109.5°E
(S e A
Fig.1 Location of the Outang landslide
JEE P 2018 45 6 1 10 H 4RI Sentinel-2 )62 K s
25007 1007
2000r
500+
15001
1000} ol
g 500
% 4 -50,|
=
B 500l # 100
-1000p
-150 +
-1500r
-2000 =200,
2007-7 2008-4 2008-12 2009-9 2010-6 2011-2 2016-5 2016-9 2017-2 2017-6 2017-10 2018-3

I 1A (4E-1)

I 5] (A1)

K2 (a) ALOS PALSAR ¥4 T# 414 5 (b) Sentinel- 1 Bdla 4 T X 41 &
Fig.2 Interferograms used for time series INSAR analysis ALOS PALSAR (a) and Sentinel-1 (b)

7 FE| e 7 5%

610 m, F 1 JE 2 50.8 m, MAKFLL 910" m’, i
FRZ)1.78 km?. [ =i TFEE5 K LLSK , 38 3 8 bk & A=
TERBIY o5 NREEARBN B W™ % 4 DL AT
AL 1B 3 A8 AT 7 AR EL R SE A L DRI G 3 3
J0 F A 19 42 17 1 9% 2 B sl B R HROE AR, T 2016
E8HET..

ARSI AEF] 19 5 2007 4FE 8 H £ 2011 4E 2 A Y
ALOS PALSAR %4 147 5 2016 4E 5 A & 2018 4F
2 H (1) Sentinel-1 %4k . 4 2 il ALOS PALSAR ¢
it 4 vp (8 XU Ak (FBD) 08 2o >R 4 21 4% L (FBS)
B ()18 3% (0] BB DA A2 SORE B0 105 . 7 A B Hie
ST, R T 34 AL AR A SCR

BAE , BRFR TWHAS

T 30 m A FEE A SRTM DEM A 5% 22 4 T3 [ 1 1
HYRA K 2 W R T AR SCH SAR B AR B B )
DA K F T InSAR 43 # f % 09 F 3 %44

3 KR

31 BEFEHETERE

IR 1238 5 vh B 80 09 7 ik, AR SCHR BT #8
iV S B LA TR B R 0 AR OF 3408 AR R U ALOS
PALSAR % 4 3L 45 0 %] 76 508 4~ 55 H 5 , Senti-
nel-1 548 £ Z M B 60 041 A5 H AR . H T = Ik by X A
W 3 £, C U B Sentinel-1 508 &5 5 32 J #H T 3¢



4288 HiEkFL#  hitp://www.earth-science.net

o544 3

M, Pl Sentinel-1 %44 4 £ DU 21 () o3 % B 2K F
ALOS PALSAR #0454 . [/ 3a 1 & 3b B i 4 #F 45
) 381) T 8 3 Ve R R B AR 1.5 ke Ab 1 39 1A
S B i B 0% e KOP A8 3 T 38 50 mm/a. R
T YR 3% AR AE 2007 4F & 2011 4 8] 42 JE 3 % 7E
80 mm 7& 47, {H 2016 4 & 2017 4 [a] 48 JE 3 R A fr
Bt 2%, B KB 78 3 A 50 mm/a. {5151 B 2 , Senti-
nel-1 $048 48 2R A5 1 45 a0 B 21 4 = ab AN fase
R, W B 3b S 2R T bR A L R AR T
T e (18] 3b AR T HE FT 7R ) T 28 HUR 7E 80 mm/a. 45
K K X 8 I B A B R AR KR e PR R HE AT AR
AT
32 HEFFSHES#mEER

K AL B JE 99 K R 2T M R R K TR R

K3 FIFH ALOS PALSAR $#i £ (a)

T I R M R R R (B R I AE L 20185 £V A,
2018). Kl 4 7y 5 %5 T ALOS PALSAR %4 45 Fn
Sentinel-1 £ 45 £ 2K HUE 1 &1 3 v iir 7 (1) P15 R P2
SRR R P S A TR N B . BT 2007 4R
8 H % 2011 4F 2 A [AMUAL AR I T 19 @ ALOS PAL-
SAR FZAZ, T B 19 B0 SR W 3R AR M & B0 A5 i) P 3
e i JE 22 PE 25 4k . Sentinel-1 £ 4 12 K B9 & 17 J5 9
S FRATHRBE T 2 0 I, AT LA B e R AR o
F9 20755 . N IET da v mT R, B 0 U B AE 2007 4E 8 T 2
2011 4F 2 H ] & A= T 29 90 mm fI LR 1) 22 JE , & 75
R FEIT ZME .2016 4F 5 H 2 2018 4% 2 H [H] 3 ¥ i
B BEAHAR R A B T 110 mm, K4 & e AT DL & B0
BEAR Y S B R A AR TN R R 0 O X KSR R )
BEWN FRRJETE 2016 4F 7T H6 HET7TH 9 H AL R

H1 Sentinel-1 F 5 £ (b) 35 WU - 15 38 %

Fig.3 Mean displacement velocity map obtained from ALOS PALSAR datasets (a) and Sentinel-1 dataset (b)
2k e 7 T A A A [ R0 B 0 T B T, SR 3RO Sentinel=1 AICHE SR B 04 ¥ . v SR D AE T Ol 1B S B R A



5 12 1 o 25 15145 I FF InS AR 4 AR = I 53 3 VS50 7 e W 5 R A 1989
P1-ALOS PALSAR P2-ALOS PALSAR
200 ‘ ‘ n 50 200 ¢ , . N 150
(b)
150 'lmw i}
E E
£ 10 )
S X
B B
_25 1 775
) -50 ~150
2007-8 2008-4 2008-12 2009-9 2010-5 2011-2 2007-8 2008-4 2008-12 2009-9 2010-5 2011-2
P1-Sentinel-1 P2-Sentinel-1
200 ey : : 60 200 = - - " 60
o ©
150 D 150
i L 2
= 100 | E =100 £
= OB Y
R X EX
50 1-30 50
0 -60 0
2016-5 2016-9 2017-2 2017-6 2017-10 2018-2 2016-5 2016-9 2017-2 2017-6 2017-10 2018-2
I 18] (FE-H) I 8] (4E-H)

K4 ALOS PALSAR%# £ Al Sentinel-1 £l #2 3R B (a) . (c) P1FI(b) . (d) P2 5B AE 7 51 5 40 W 149 7K A5 o RS
Fig.4 Time series displacements of (a), (c) P1 and (b), (d) P2 from ALOS PALSAR dataset and Sentinel-1 dataset and corre

sponding rainfall and water level

TR RN A 2] 180 mm , 1 3 g i 8] )N &2 A= 1 24 45 mm
BT 7S [RIEE  7E 2017 4F 4 H 2 10 H ], £F Bl % Kk
A7 e 55 5 TR 0% 38 0, R I T 8 ) R OE A 2
W B 4b AT DLE B P2 A 7E 2016 455 H 2
2018 4 2 J1 [a]l B3t B AR ik 2] T 249 200 mm. 1fi] 2016
4E5H 2 20184E 2 H , P2 S TE A PRl 2% , AN
110 mm (& 4d). R 2= Fl = e 7K Ao R [ 391 18] P2 5 A
VB T A i Rl R B
A% SCB A AR ) 58 3R EHE X B P InSAR 45

PEAT 5 B PE A, (H AT DU 2 (B 5 X 3 0 45 R 1
A SEVEBEAT DL . IR 5 45 T A A SO 4R
2] 11 9 33 G A S, v ] Sa T B 625 S AR AR
WFIE] R 20104 3 1 19 H {2 T ALOSPALSAR ¥4
£ 1 LI BsF ] P, T LA B P v R A AR e
BB T ALOS PALSAR B ) £ 45 5 5 7 1 i
We A Ab FRa @ R I/ 5b ok 2018 4F 4 A 3 H 3K BUE
AR R 2 DS P A R R R A T

A Nk & B R O G 2R 30.960 77, AR
£:109.330 7°, # ¥k 240 m. [5 if AT LI MO 2 A%
I, 2010 45 J5 0 XN A 396 sl il A X3 Jn T
19N 1 Bl 5 5 A 0 B K B A T BE R 2 fih i Bk
B B 32 LR R 2L A0 P Se T, B Sentinel-1
B S AT LA BT W S RO ) B AR R b 5 AR
Pl Sc Hr gm0 /T AR s H bR 43 A0 5 T B R
SEA— B F B R R Ar R 25 B 5d g5 T P3
SR AR TG Y AR T Y 5 R W AR Y AR
F TR 2 R K AL B I B . S S 0 A JEE S ) 96 K v
JEZyh 220 m, & T d & KK AL, B aT LK 7K
ANE 1) 78 A XoF T e R e S e A DN e X M R
P 52 i B K AL RE 1R 6 HP 45 Y Sentinel-1 B dE
FRELAY 1 3 rp S P4 R PSR AR s mT L & L5 P3
SR AR A B R, B InSAR 43 M 9 ¥
ASASCRT LA 30 87 04 o e, AT DAY EE S S R AT
I 8 R0



4290 HiEkF#  htp://www.earth-science.net 0 44 5

Googleiarth pLi) Google Earth

200 P3 ‘ 1150
Od) [—FEmW ——KfL O A |
75
g
0 =
=
B\:\
-75
150
2016-5 2016-9 2017-2 2017-6 2017-10 2018-2

i 1] (- H)
E15 7 A B SR 15
Fig.5 An example of newly detected landslide
a.20104F 3 H 19 H Google Earth Y2514 ;b.20184F 4 H 3 H Google Earth Y627 1% ; . Sentinel-1 3 HF 34 I8 728 18 22 5 d P35 I8 FE B 7% 5 [ 1
FIK AL

P4

200 T T T T 7100 200 7100
o [Rm =k ORB% | (@
150 F 50 150 150
e E % z
100 | 0 £ X g o £
R R B
50 -50 50 1-50
0 -100 0 -100
2016-5 2016-9 2017-2 2017-6 2017-10 2018-2 2016-5 2016-9 2017-2 2017-6 2017-10 2018-2
i 1] (4F-H) i 1] (4F-H)
K6 (a) P4FI(b) P55 It F I A8 55 [ 1 K o7
Fig.6 Time series displacement of P4 (a) and P5 (b) and corresponding rainfall and water level
4> - N - Lz, 22 e (1A AV
4 LEp G ES 5 0 90 O A TR T R R W, O

3 2007 4E & 2011 4F 9 ALOS PALSAR % #E 4
A S EA A ] T 51 InSAR 5 3 % =k 2 2016 % 2018 4F Sentinel-1 54 £ X g AR 248 k47 o8



5 12 3

s 24 45 I FE TnS AR $ AR =006 D 8 33 0 9 R ) 5 4R o 8 1201

BB R AR YR 5 AL T R S A YE 1.5 km
B — A etk — EH A FARRERS T ALK
A BT 5 K A AR A Y s L B 5T XN 2016 4F 5 A
2 20184F 2 A & B 3 4b B ¥4 AN AR AR 38 i i )y
Oy MR B W WP AR A a7 B I A [ K
AR AL A — 5 B R A, B R SR AR T R AE A 5K
¥4k Bl LA 2], B P InSAR 7 ¥k AR W & A 7 =k
JE IX 5 b J5 0 22 e X F TR KT TG O e B A
P ER DN 55 PR AT T . B AN R R 1 SAR £ 5 A8
T 447 2 1 TR s SR R M Y BT R W
BF 43 B AT LA oAy T il o 45 40 AR B 22 Y S
Ry B R A AR A

B K TP R A ALOS PALSAR 3% B &
F A A 42 4L (P11247, P11440, P13248) . Sentinel-1 #=
Sentinel-2 2 # v B = 7] By %o, % 24 .30 m & HE &
SRTM # 3% & £ B 3b 8 & By 32 45 . B B 2t 7 1
FFERL RO EIREL.

References

Berardino, P., Fornaro, G., Lanari, R., et al., 2002.A New Al-
gorithm for Surface Deformation Monitoring Based on
Small Baseline Differential SAR Interferograms. IEEE
Transactions on Geoscience and Remote Sensing,40(11):
2375—2383.https://doi.org/10.1109/1grs.2002.803792

Chen, Q., Cheng, H.Q., Yang, Y.H., et al., 2014. Quantifica-
tion of Mass Wasting Volume Associated with the Giant
Landslide Daguangbao Induced by the 2008 Wenchuan
Earthquake from Persistent Scatterer InSAR. Remote
Sensing of Environment,152: 125— 135.https://doi.org/
10.1016/j.rse.2014.06.002

Dai,Z.W.,Yin,Y.P.,Wei, Y.J.,et al., 2016.Deformation and
Failure Mechanism of Outang Landslide in Three Gorg-
es Reservoir Area.Journal of Engineering Geology, 24
(1): 44—55 (in Chinese with English abstract).

Deledalle, C. A., Denis, L., Tupin, F., 2011. NL - InSAR:
Nonlocal Interferogram Estimation. IEEE Transactions
on Geoscience and Remote Sensing, 49(4): 1441 —1452.
https://doi.org/10.1109/tgrs.2010.2076376

Ding,J.X.,Yang,Z.F.,Shang, Y.J. et al., 2006.New Method
of Predicting Rainfall-Induced Lanslides. Science in Chi-
na (Series D ),36(6): 579— 586 (in Chinese).

Dong,J.,Zhang,L.,Li,M.H., et al., 2018a.Measuring Precur-
sory Movements of the Recent Xinmo Landslide in Mao
County, China with Sentinel-1 and ALOS-2 PALSAR-2
Datasets. Landslides, 15(1): 135—144. https://doi. org/
10.1007/s10346-017-0914-8

Dong,J.,Zhang, L., Tang, M.G., et al., 2018b.Mapping L.and-
slide Surface Displacements with Time Series SAR In-
terferometry by Combining Persistent and Distributed
Scatterers: A Case Study of Jiaju Landslide in Danba,
China. Remote Sensing of Environment, 205: 180—198.
https://doi.org/10.1016/j.rse.2017.11.022

Ferretti, A., Fumagalli, A., Novali, F. et al.,2011.A New Al-
gorithm for Processing Interferometric Data - Stacks:
SqueeSAR. IEEE Transactions on Geoscience and Re-

3460—3470. https://doi. org/
10.1109/tgrs.2011.2124465

Ferretti, A., Prati, C., Rocca, F., 2000. Nonlinear Subsidence

Rate Estimation Using Permanent Scatterers in Differen-

mote Sensing, 49(9):

tial SAR Interferometry. IEEE Transactions on Geosci-
ence and Remote Sensing, 38(5): 2202—2212. https://
doi.org/10.1109/36.868878

Ferretti, A., Prati, C., Rocca, F., 2001. Permanent Scatterers
in SAR Interferometry. IEEE Transactions on Geosci-
ence and Remote Sensing, 39(1): 8—20.https://doi.org/
10.1109/36.898661

Hooper, A., Segall, P., Zebker, H., 2007. Persistent Scatterer
Interferometric Synthetic Aperture Radar for Crustal De-
formation Analysis, with Application to Volcan Alcedo,
Galapagos. Journal of Geophysical Research, 112(B7
B07407 .https://doi.org/10.1029/2006jb004763

Hooper, A., Zebker, H. A., 2007. Phase Unwrapping in Three
Dimensions with Application to InSAR Time Series.
Journal of the Optical Society of America A, 24(9):
2737— 2747 https://doi.org/10.1364/josaa.24.002737

Huang, F.M., Yin, K.L., Yang, B.B., et al., 2018. Step-Like
Displacement Prediction of Landslide Based on Time Se-
ries Decomposition and Multivariate Chaotic Model.
Earth Science,43(3): 887—898 (in Chinese with English
abstract).

Huang, R.Q., 2009. Some Catastrophic Landslides since the
Twentieth Century in the Southwest of China. Land-
slides, 6(1): 69—81. https://doi. org/10.1007/s10346 -
009-0142-y

Jiang, M., Ding, X.L., Hanssen, R.F., et al., 2015.Fast Statis-
tically Homogeneous Pixel Selection for Covariance Ma-
trix Estimation for Multitemporal INSAR.IEEE Transac-
tions on Geoscience and Remote Sensing, 53(3): 1213—
1224 .https://doi.org/10.1109/1tgrs.2014.2336237

Jiang, M., Ding, X.L.,He, X.F. et al., 2016.FaSHPS-InSAR
Technique for Distributed Scatterers: A Case Study over
the Lost Hills O1l Field, California. Chinese Journal of
Geophysics, 59(10):3592— 3603 (in Chinese with English

abstract).



4292 HIERRL2E  http://www.earth-science.net

o544 3

Liao,M.S.,Jiang,H.J., Wang, Y., et al., 2013.Improved Top-
ographic Mapping through High-Resolution SAR Inter-
ferometry with Atmospheric Effect Removal. ISPRS
Journal of Photogrammetry and Remote Sensing, 80:
72—79.https://doi.org/10.1016/].isprsjprs.2013.03.008

Liu, P.,Li, Z.H., Hoey, T., et al., 2013. Using Advanced In-
SAR Time Series Techniques to Monitor Landslide
Movements in Badong of the Three Gorges Region, Chi-
na. International Journal of Applied Earth Observation
and Geoinformation, 21: 253—264. https://doi. org/
10.1016/j.jag.2011.10.010

Qu, T.T., Lu, P., Liu, C., et al., 2016. Hybrid - SAR Tech-
nique: Joint Analysis Using Phase-Based and Amplitude-
Based Methods for the Xishancun Giant Landslide Moni-
toring. Remote Sensing, 8(10): 874. https://doi. org/
10.3390/rs8100874

Shi, X.G.,Zhang,L.,Balz, T., et al.,2015.Landslide Deforma-
tion Monitoring Using Point-Like Target Offset Track-
ing with Multi-Mode High-Resolution TerraSAR-X Da-
ta.ISPRS Journal of Photogrammetry and Remote Sens-
ing, 105: 128—140. https://doi. org/10.1016/j. is-
prsjprs.2015.03.017

Shi, X.G.,Liao,M.S.,Li,M.H.,et al.,2016.Wide-Area Land-
slide Deformation Mapping with Multi - Path ALOS
PALSAR Data Stacks: A Case Study of Three Gorges
Area, China. Remote Sensing, 8(2): 136.https://doi.org/
10.3390/rs8020136

Shi, X.G., Zhang, L., Zhou, C., et al., 2018.Retrieval of Time
Series Three - Dimensional Landslide Surface Displace-
ments from Multi - Angular SAR Observations. Land-
slides, 15(5): 1015—1027. https://doi. org/10.1007/
$10346-018-0975-3

Sun, Q., Zhang, L., Ding, X.L.., et al., 2015. Slope Deforma-
tion Prior to Zhouqu, China Landslide from InSAR
Time Series Analysis. Remote Sensing of Environment,
156: 45— 57.https://doi.org/10.1016/]j.rse.2014.09.029

Tang, P.P., Chen, F.L.., Guo, H.D., et al., 2015.1.arge-Area
Landslides Monitoring Using Advanced Multi-Temporal
InSAR Technique over the Giant Panda Habitat, Sich-
uan, China. Remote Sensing, 7(7): 8925—8949. https://
doi.org/10.3390/rs70708925

Wang,F.,Yin,K.L.,Gui, L., et al., 2018.Risk Analysis on In-
dividual Reservoir Bank Landslide and Its Generated
Wave. Earth Science, 43(3): 899—909 (in Chinese with
English abstract).

Wang, F.W., Zhang, Y.M., Huo,Z.T., et al., 2008a. Mecha-
nism for the Rapid Motion of the Qianjiangping Land-

slide during Reactivation by the First Impoundment of

the Three Gorges Dam Reservoir, China. Landslides, 5
(4): 379—386. https://doi. org/10.1007/s10346 - 008 -
0130-7

Wang, F.W., Zhang, Y.M., Huo, Z.T., et al., 2008b. Move-
ment of the Shuping Landslide in the First Four Years af-
ter the Initial Impoundment of the Three Gorges Dam
Reservoir, China.Landslides,5(3): 321 —329.https://doi.
org/10.1007/510346-008-0128-1

Wasowski, J., Bovenga, F., 2014.Investigating Landslides and
Unstable Slopes with Satellite Multi Temporal Interfer-
ometry: Current Issues and Future Perspectives. Engi-
neering Geology, 174: 103—138. https://doi. org/
10.1016/j.enggeo.2014.03.003

Xia, Y., Kaufmann, H., Guo, X.F., et al., 2002. Differential
SAR Interferometry Using Corner Reflectors. IEEE In-
ternational Geoscience and Remote Sensing Symposium,
24—28 June 2002, Toronto, Ontario, Canada, 1243—
1246.https://doi.org/10.1109/IGARSS.2002.1025902

Ye, X.,Kaufmann, H., Guo, X.F., 2004.Landslide Monitoring
in the Three Gorges Area Using D-InSAR and Corner
Reflectors. Photogrammetric Engineering and Remote
Sensing, 70(10): 1167—1172.https://doi.org/10.14358/
pers.70.10.1167

Zhao,C.Y.,Zhang,Q.,He, Y., et al.,2016.Small-Scale Loess
Landslide Monitoring with Small Baseline Subsets Inter-
ferometric Synthetic Aperture Radar Technique: Case
Study of Xingyuan Landslide, Shaanxi, China.Journal of
Applied Remote Sensing, 10(2): 026030.https://doi.org/
10.1117/1.jrs.10.026030

Zhu, W., Zhang, Q., Ding, X.L., et al., 2014.Landslide Moni-
toring by Combining of CR - InSAR and GPS Tech-
niques. Advances in Space Research, 53(3): 430—439.
https://doi.org/10.1016/j.asr.2013.12.003

Bt H 3T B 2% 3Lk

TR, BT B0 2 A%, %5, 2016, = ik J2 [X 48 9% i Ik A8 0 ok
FRHLHIMEIY . TR BT i, 24(1):44— 55.

T U AR M EE 4L, 4, 2006 BT T I 23 TRy
P ERFE(D ), 36(6):579—586.

BRI B T AT, 4, 2018, 3 I 6] 41 43 fift Rl 2 78
TR Ve AT Y (% 3 B IR K6 RS T L Hb KRR A% L 43(3):
887—898.

Tk, TBEA 55 R, 25,2016, 2 T e 20 A 28 H bRl iy
Ak 5 3 T #3252 L Lost Hills i 5 X 4 9] . Bk
Yy B 2£ 4R, 59(10):3592— 3603.

TIF B RETR 4, 2018, B I Il R O R A T TR K
AR 53 BT Bk REA |, 43(3):899—909.



