5535 % 45 2 ] H &
2023 4£ 6 H

REMOTE SENSING FOR NATURAL RESOURCES

BE Vol. 35 No. 2
Jun. ,2023

doi: 10. 6046/ zrzyyg. 2021413

UM AT AT 5, XRARTE, 5. B P InSAR AT I V& 7 DX sl 2 3 it 3200 78 T HOK SR [ J]. H AR B I gk, 2023,
35(2):212 -219. (Pan J P,Fu Z B,Deng F J,et al. A time — series InSAR — based analysis of surface deformation of hydro — fluctua-

tion belts and the effects of hydrological elements[ J]. Remote Sensing for Natural Resources,2023,35(2) :212 -219.)

5] 7 InSAR Jige M7 7% 7 [X 382 3
R AE T H K 2L 2

P, LR, AL, BeF, R, £ 1
(BRICH AR BRTER, R 400074)

TE Tl DX e At T T DRI PR T2 /A Ak 45 PR 3R T T 8Ty DXy 2 T2 28 b 1 RS el o 35 99
T R Biin BA R o N, R IR AR 22 23 T3 D BOR X e A [X 724 B 2018 4R 7 H—2020 4£ 7 H 1Y
63 5t Sentinel — 1A JHURBQHEATHI AL AL B, 456 M 1hT W 0 2R AT 0] LU S, el TR AR i — PR oL — ) e
MR 18] 8 B AT K B R 3T o AARESIEUNT « DPREKNALAL (L FIRE RN 2 it AR Y T B2 R, PR K (A2 A XS
S AT M) S AR BT 7 C TR AN RV AR PN A KA 2% 170k 2 3 5 S e 5 56 32 [ s e 1k 1 W i — 20
SEIIEAL 5 QPERAEAZ A PRI M F T AR, KA AR A G M M BT AR /N 5 (D I -5 M T8 B AE L, 43 58 o T g
P56 2 T FE FRILAS s @HFSE XA RARRE | (LT 7 17 AR XU B 2 AR AS S DX S DX R A ik

A 30 mm/a, XIS AR R 0] K 89 mm/a, A58 FLATEGR B B A SO EL, n] A T AT DX K

(IR L i o R

KR JHRAT; KEF IR SBAS - InSAR; WX 215 BL

REESES: P237 XEHEEHE: A

0 7l

uill®

TPt 8 7K P KL T 7 B 1 R 7K R Bk 19 B
KAV 2R 5 5 AR 7K (37 2 22 TS 1 Rk DX
DX I PN A A T BE U L 9 B AR, M R T 2
JEHR A W 9T o KR G| A o 9 B
B, IR X VA 32 K SCHL T AR AR R DR I S
BRI SE X M R AL AT K B R (R AR K
(AR AR ) 23 A o AT, 001 9% 4 DX oF
JE B PTE  E AR RS IRBUIR DL K B 2 A
Dok A DR KA K T T S 0 S
R RBOR BRIV AL, B2 5] & 5K E W M
o AR LARR LA BRI, SR IR IEOE 1R 45
LSO 5, PRIURT & SR E B R IR AR, 58
M AE AR BEPEA 5 E A AR R X %R B
B IC A I K H LLGE T o 7 07 ik AT AR
PEPEA s JE G155 T BTLLRR K 07 A5 A , B X A f

RS EEE: 2021 11 -30; &ITHHE: 2022 -08 -18

XEHE: 2097 - 034X(2023)02 -0212 - 08

0 AR RS 5 B AR A T R
A PRI i) S P AR A 0T S A 1 5 A T, O AR 4l
DI N GE 145 RAT 5 1A 95 16 B E — 25 i I b it
¢ A A 5 AF /AR AR BEDUAS [v] R A Jo
KA 07 2, 3 BUF PR E M kAR A R R R R
Ak, ST 43 A 7 5 O R o DA b B X T Vi X
S 1 B, LA 3 JR S A5 b 5 B RS i 42 3
3BT B AR DL 0 A K AL 7 Ak ok 3 I B R E
P, R BE A A o UL 00 50 98 ok 2 A T % 2 b 3R
TEAZREIE , R B8 5 & 73 B /K 22 38 0 IH v i X3
Hb 5T 9 I B e SRR

R R RERK 16 L ALAE TR IR T I R
(interferometric synthetic aperture Radar, InSAR) A]
SR A DI 2 23 A i b A I ) R B K s o
7E 1989 4F, Audrew %" B0 4IF InSAR $7 AR 7T LIk B
R Bl R 28 (5 B, TS Kk e e ok iy e Bk 48 T
Pl & ( small baseline subset interferometric synthet-
ic aperture Radar, SBAS - InSAR) 37 RAR 50 25 &%

EEWA : [ A ARG H T RET- VLA B9 2 D0 ol st IR EOC 38R 2 B0 (45 - 41801394) (HE Pl MUK A | 44

GV RIS I AT 1) S BRI 494 T TR S 4 SR

ARk K B 5 R (45 KT — 2020042 ) Fi1 Hh gk i 58 45 (4 2021 4

RO AT 12 5 Bk D W 5 e R BP9 SR Bl
E— e WT-(1976 - ), 9 it , B0k, B I i S LA r I AOBFSE. Email: 6370554@ qq. com,
BISEE : 1551997 - ), 5B LWL , 5 N AR OB O IBF5E . Email: 2605443173@ 163, com,



2 -, %

I InSAR A A7 T 7 al5 DX Il e S R T 48 e HOK B3 - 213 -

SEPERAR TR /4 [R5, 38 AR E 52 15 K 3 4 )
P SR m e ks B A W VR X e i
A5 InSAR FER BRI LR A % I8, CFER A
SBAS — InSAR ;AR X = Ik I X Z= 15 Bt 2018 4 7
H—2020 4F7 A 63 5T Sentinel — 1A 541433
T FTEAR SO, 75 31 RO 4 L, 1 o0 i LB AR
FHIE Bk B o

1 B KL

WG DX MR B A6 81 PR T 7= 47 B BE I, N30°
29'19” ~31°22'33" E109°1'17" ~ 109°45'58" ( Hy 3 fiz
BWE L ) o 22 B ab vy )i g5, AR AL
S Ay LR g 1L, M A iy, H R P S M A %
L B AR NI B TSR, A
A, NGB REENAA MG KA
BUA TOEHE RS i is g RERI N
W BT IE 3, 22 B R rp I B I I 2 X
S, BRI LRI, B 2 E AL R AE 5—10
H, BIBEAERIE . KNSR T 69 ~1 403 m
Z[a]

Bl #MRREETEE

Fig.1 Location map of the study area

2 ZBHKE

L3 WL B2 55 WL J 3, e 2018 45 7 ] —
2020 47 H 463 & Sentine - 1A T E T2, o
BEGSEMNE 1 s, WA FEBIR LM FE
RG] SRR R 22k D TR BIE | S %
TIPS R 2R R Y 1R 22, AR ) e R, B X
R TE BB by A %5 o B R D A (precise obrit e-
phemerides, POD) , 0 /2 F2 4 BB ( digital eleva-
tion model,DEM) 25 SRTM1 , HA4+ ¥R 4 30 m,

*1 DEHGESH

Tab.1 Satellite image parameters

@k ZH
LRI T4
JRARBE T S8 R A
B C
W/ em 5.6
IrHEE/m 5 %20
EEW/d 12
L7BIERE 26
WAk I = Vv

3 RUEEZI

3.1 FHiEFERE

SBAS — InSAR $¢ AR J2 3 2o 15 B+ B[] 77 41 1Y
o 25 JEER AL, B AN [T BBV + 1 52 A9 50 e )
M AT FELXT, SR 5 B AT T, 15 31 M E 2
XTI Hrp e o 5e2s s T P i 22 0 AR A
@, ATLLRIR N

A Y = got,., @, = P + golop + D def + Patm + DPnoi »

(1)

K @, At NZIFAAEE 5 @, ¢ 2T AR AL
8 @ NBBWERMNL; @, WHIEANL; 0o H
AL 5 @ AR TMANL; @, I HEHLIR A AAAL
HNRESCHE A0 98 B RT LUK 55 T Y0 22 45 B AR L A5
B BMIE AR AL, X TAE— 1R T A R AR AL
@ MBIt KA Mg T30 B b 4 22 0 1 3 A A
A M FRIKA «

¢T = [QD(tl),"',QD(tN)} ’ (2)
Aﬁ"vr =[A QDI’”"AQDM] o (3)

MR LA AL AR 2 A
AL 22, A -

Ap = Ap , (4)
K A BRBA N
0 -1 +1
0 0 -1 +1
A=|: 0 - , o (5)

X Ap WAE—BoT R MAMAE R A 22701
SRR 5 @ N Al — 1301 220 T3 AR B AR 1]
o W R, 2 A SRR, A AME— g, 1M
I 23 SRR SR AP FuVF— R R AR D iR R X Y



- 214 -

H % %

B % 2023 4

ERAG, SO S R T, 300 T B M Y A (40
PRk B/ NEECT Wt/ TR, A5 BRI, SR H
SERRAOEERE T, T AT R 0 38 B Ry TR AR
R,
3.2 HiiRAbIE

SBAS — InSAR J2& X #H TP 55 =i 19 43 A3 =X 5
PRIEATHZRTE A S, T 75 35 5 A8 0 B Ak 2 5t 7
S BGRR B , 3P i 23 B S 2R AR 1
3G AN, B X 0t ) AR P B3 Ak L, AT 36 4 B K
H, 3 &mA R EE R, K 2018 427 H—2020 47 7
AW ERBRAR G530 2 41, 435 LA 2018 4 12

H 25 HF12020 4 1 A 13 HAFHRE G B H LR
5,1 E 36 d,10% I 25 LR (E, a8l 2 s,
FET VAR PRI , 0 I D TR T ok 55 B S M, X
DR G B LA/ N FH IR AR A T A 9 5 FESIBR
20 ASAHTPE R 22 FH A A 4R AR T 95 e 4 A
XoF i 8 )i (B R AT AT, R A S O v
BRI G R G T OB . AR PR KA
AR R AT 5T 95 41 Y5 [, R AR 4 SBAS - In-
SAR S A5 3 T AE MR R B K 5 X5 455 i
TR MG R S i VR A TR, B R U U X, 3R T 2 A
E IR i

(a) 2018 4F 07 H—2019 4F 06 H HL&kiE A

(b) 2019 407 H—2020 4 07 A f:kiEHR

B2 FixtEsEE

Fig.2 Connection diagram of interference

4 HERE AN
4.1 BERBERRST

BEXT 2515 B P& 4 X8k 2018 4 7 J1—2020 4§
7 A 63 SO AR TR AL BLE | SO A4S B m]
AR MNE 3 Fron . DAMERRIA A MIEE, BT
TUNTAE, 15 B A X0 B A8 3R, H o -5

mm/a; 2 a [EERIEAZHRELL T -79 ~59 mm/a
ZIa], FRAR IS A f K AT 3k 89 mm T I VA
XICE TR AN -2 mm/a,2 a JBAR SR (E
AbF -64 ~51 mm/a, B A8 G it 45 5 vl LIAS 50
RS IR B AT AR E , TE R MR AR b T 30
mm/a LAY, HTE I %47 8 ARG 2 N BCRIE AR
ORI (L XHE KT 30 mm/a)

(a) 2018 477 H—2019 4F 6 H 4F-F- i AL R ]

(b) 2019 4F 7 H—2020 47 A4 AR d R K
B3 FFHpEERE

Fig.3 Annual average deformation rate map



2 -, %

I InSAR fff b7 1 %17

DX 3 R T A8 e HOK RS - 215 -

WIEB A TR, 2 B AR F X SR
AT o Herp X 1 BTSRRI, 67 T4
45 B PPAE R RS (30°5746. 84"N,109°13'10. 64"E ) |
FAR I KR AR R TR 89 mm/a, [XI 2 A kL
K (RE RS AL T2 15 B AR VLS KR 1Y
il X (30°5816. 53"N, 109°3530. 33"E ) 7K fr 4 =
el AR R RAE IR AR MR 89 mm/a,

4.2 Xigl HERTHHR
H s 2018 4F 8 J M7 A Bk s , LI Est (]

NI 1 RSP eI A R (1 4) o Hop[A] 4
(b)) #7000 T 392 1) S T8 T 78 T 4R A8 35, A N9 35 114
ST AL A AN ., X 55 S 38 i B A ] £ i B
AT RA R A NIE 2 XA EE 4, H
AR A RN, BT, TS TR AR
RANRFE . TEJER 2 A i I B U5 = A
2] SN InSAR H A Ab BRAS 31 11 42 1 I 45

XA BL(FR 2) AR AR5 A R — B

(a) SBAS — InSAR i AR JZ i 45
= 4

(b) B ALER

ISR EE B

Fig.4 Verification comparison chart

R2 HRWIE
Tab.2 Validation of results (mm)

STk
e M MBI P InSAR R,
(BT 2020 =6 = oo (o8 i) Wemigh s (LS i) 200
5—2020 -7 -11) -
ZD101 -21.3 ~18.8 +2.5
7ZD102 -8.4 -6.6 +1.8

DIk U 5T MIE T, O B ORI, T
EH AR L, MRS RS RS
BRI A 2. WS (a) il LIA H 2018—
2019 4F XK 1 JEASH R IS X BT 2% N L
FUPIRLIZ A8/ 5 AR5 77 S (i, e 4
A (L1, L2, 13, 1A AL 5 (a) frw ) , B A2 i R

(a) 2018 4£7 H—2019 46 A
X3 1 AR AR A5 R

(b) L1—LA B4R - kAL - H R
M - W75

(¢) L1—IA AR R — PEKALE R ~
H B RN 2 — I [R5

(d) 2018 47 J§—2020 47
I 1 I AL ARG

(e) P1—P4 Jp7As i - PEARA - H %
Tt — W] E 5

(f) P1—P4 JEASHR — R L ~
H B RN it - B P 51

ES5 XiglEEdiR
Fig.5 Deformation process of region 1



. 216 - H % ® W

2023 4§

A5 -=50.7 mm/a, —40.3 mm/a, -48.3 mm/a
M =56.9 mm/a, 7] DL & BLAE 2 JE A8 ORS8N e
HER, BIE — 5 R B8 B S T I8 1, TE A2 S
Ko TERREHHTE T BOTRA B 4 S (PL,P2,P3,
P4) , HIEAS#H R0 5 —40.5 mm/a, —29.3 mm/a,
-47.7 mm/a 1 - 40. 5 mm/a, 8 4K o A T2
SRR T I

Y T D Be 403 oy 2 B, 2 BeAE I [A]
1k FRRESERY, B LUBT R ST AR B B 2ok 2 1K
PRI SE R EA TN, Sentinel — 1 TR H 15 [ 11y
12 d, DAt i fa] fa] 530425 s ) H S48 28 % H
A7 I T AR 2 K L A2 e 58, ) T AR R 3R — UK
fLek 2 — BERT — BHEF S (RPEL S (e), () o A
5Ce) Al DU Y, L1 B AR SN BE K AL A8 A T 72
A, AR ST AL SR AR TE KA b TR0 L 27K Ao
PR [ 9 18] K e T 5 dif i 50O, T A i R Ak T
-0.5~ -0.2 mm/d, KT H AR, H B K5
LI

D) AR (6 A fpf)—9 ), JEAS d
BREEE , ELBERE T S i As K Y KA T
AR KAV Bt 39, P T R S Bk e X gk
JE BRI a6 TR ) T 722 S 3R A S e B Oy (3% E
5(b), Ce) ol LUA H, Bk L1 Ab, i A9 TE A fE A5
B, B BEREF G I AE K. BT S (F) h AT LE
M HRER R R 1 ~7.8 mm/d i, JEAS % 24
40 mm/d ZF K —0.27 mm/d,

2) fEPE AR L BT (9 A—11 ) B 7%
AR I PP — G e — PR ) R ARE . X2
IR AT M) o =) b2 N ) VA o ) S 7 i
H T KA b TR BIEAC T, ARSI BT ), B
WFEPE TR BEE KA RRREL s ot B i
B2 RN A L[] S BOB AR N A1 AR R B KA T
J12% B 375 1) e AME A AR T A R E 5 K AL
AkZL b Tb RN AN KA 228 K, SR =2 17 4
VA P ., R PERR A, R 5 T il . 7E 2018

AEIRE AR R B AR FE - 0. 16 mm/d,
0.06 mm/d, - 0. 06 mm/d, -0.23 mm/d; [fij 2019
SEMAAE R R 22 A0 P AR, 4390 2 — 0. 20 mm/d,
0.05 mm/d, -0.21 mm/d,0.21 mm/d, -0.10 mm/d,

3) FE KA B R AL G T A E] (11 —ik4E
3 AR AR RIFTED. 2 mm/d N, X
] R R 1 28/, KL AR/ R R E (R AR E
PR 25 FARK A BT

4) TE KL PR T R R (3 Ap A A4 —6 H
Hf)) AR AR T2 A7 PR KA R AR Y 52
IKAEN R RNIE AR SR K, B i — e R
(R JS o 302 R DRy R K A5 et i KA s
IKAL NI A2 KA 22, KA 2238 B i T ), s 198
I Ah o BEAK AT R B e, By o AR X /K Y
i B KA 5 MR KA, 22 TR A ZKASE 22 8K, 7 A 1)
G5 51O, WIS S, TS R 2500
WA Ty R W YK F o LA P1,P2,P3, P4 IR A8
RN ],2020 4E 3 H 13—25 H, FEKAL T Fed R
7 -0.15 m/d, HEER BT 0, P AL AR (E 0
-0.44 mm/d, M7E2020 4£3 A 25 H—4 A 6 H,
PEKALAARE T 0, HFE R & 2. 33 mm/d, HIPE A8
KRIE N -0.02 mm/d; £F 2020 45 A 12 H—24
HF124 H—5 J1 30 Hix 2 Af B, H R &
e 3. 34 mm/d Zid5 , PEARAE T B 3253 5] 0 - 0. 19
mm/d Ffil — 0. 31 mm/d, H I 25 3 R 5 E 5 5N
-0.16 mm/d #1 -0.27 mm/d, 7] DL F H FE KL T
Rt 20 T b ZRTE AR A5
4.3 XE2HWEREETSHR

X 2 PR R =& RK WA, ik F %
NICE S s YRR GCE R FEZ N TCE MY, R
PSR R YR BT A A o T8 R AR AR IX i
Vs RGE , 28 T A6 . T BT WA
WAL A, A X 2 ik 4 SEAE PSP,
P7,P8(E 6(a)) , HIELH A5l - 36.6 mm/a,
-30.9 mm/a, -30.3 mm/a 1 —40.2 mm/a, M &5

(b) P5—P8 JEAHE - /K — H %
W — i E] )
6 Xig2 ETidiE

Fig.6 Deformation process of region 2

(a) (IR 2 AR

(¢) PS—P8 LA R — /K ALH AR ~
H R o — B8] 757



2 -, %

I InSAR A A7 T 7 al5 DX Il e SR T A8 e HOK B3 - 217 -

)3 A LR BRI 71 AT B TR A R A8 AN
THERGH) o S55 18 6(b), (o) X BT it m A 40 73
BranT

1) LA K AL I 9, 4% i TE 28 R B B
HBERE P 3G A0 AL K AEAR AR AL, KA h
FRE , W IR OS2 MR /) T I TR 2 535 7 5 54 B[] Il
Bmyik g E BB, LI PS R, WK 6
(b) BB AL f 2 PR A B R E W72 A, KA T
PR K011 m/d i, HEHREH 1.02 mm/d, &
JEAs @Rk —0.06 mm/d, H [ &R 4. 20 mm/d
i, B A - 0.34 mm/d,

2) KA B TR A B AR AR RN JE AR R
S A Ty PR — g — Pl XX IR B 7
PEN 30 IKAL B TS, 52 5 B UM R A,
B AR N A Bl 7K s ) s 2. 32, AR 0 48 1)
SR Iy SR n R M, R IR AL 2K AR
Wl , A3 Sl A% A ok SR R ) RN, R B — e R
DREBUNEENE S, 2018 4B & HH N
1 mm, HJE A8 i AR A2 A i B h 0. 12 mm/d,
-0.04 mm/d, - 0. 15 mm/d,0. 32 mm/d; 2019 4E
AR R ME A 6. 85 mm, HJE AR i AR I (A8 1k i A
4 0.24 mm/d, —0.06 mm/d,0.22 mm/d,

3) FERKAL B R A8 T BB 1], JE A% i 48 Ak
A/NT 0.2 mm/d, SRR R ERE

4) PEIKAE PR T i I 30 , A R R I T2 3
oty R R T I IH VR R, LMK, T AN AL T
RIETE KL T B335 1 i AR AR, k2
R PEIKAE L5 M 7R A AR 4 A R AR A AR i 1k
(9 5 3 A RSO AR KRR LE T R b
TIKNIBEZ TR, AR B B 22 , SRR AR 2k
T RN S I A P A 7 AR R B s ) 22, B 3 Y
JEIKA T Wi AR 1 O, JE g 1 3 Ak 5 A 2R K A7
PRI BT byl 2 i BEL 8 B B B 46 0, DA T A 45 122 Ff
ISR AL T AT € & 18 s IRES . DL 2019 48 5
2020 AEAR[E] PEIKALAZ AL B 1], 2019 4 H [ Dy
1.65 mm/d, T & HE N -0.53 mm/d, G HTE
THIME R 0.3 mm/d, 24 2020 4 H & &N 4. 31
mm/d I, JTE AT S ME R 0. 12 mm/d, 8 1 7
PE N -0.25 mm/d, gE—2okE , 7 2019 4% 0]
[, J2E 7K A7 3 48 38 1 o, T 78 R R R, T
2020 45 K A AR A sl AR AL, HOE AR Al
S, FEHIEED, XL U] 7%
DI E 2 BN 18] 52 7K S A8 A Y 52 e DR T g T R 2R

RIS

5 ##

SCEER ] SBAS — InSAR F AR X 8 BT — ke g
DX 725 B V& i X S 2 119 2018 4 7 H—2020 4
7 J1 63 5t Sentinel — 1A FFIUE R #E 47 M 3R IE A8 I
U, A9 BT X I 2018—2020 4F 1 I AL 45 5, [
B X T v DX S e 1 5 A X A T /K B )
Feort e TERUES e HARIT .

1) KL AR AL AN T R R T AR A B R &R
WRAETEAE & — FE KA — H R TR A% B[] 7 51 1] ]
L JE KA RN TR 5 R T AR A G PR K R K AL
S0 i85 S VA o) G = 3 NG e Y o
SN e TR 1 5 RIS A8 i M 22, (A5 0
RSN HEE KL AR AR G 0T 7= AR KA 25, K
TR = A A 3 B K R g, B A RS e
PR, PEIKALR BB P= A 48 1 3 AN 7K 7, AR
PRFRE P o T 3R 2 U 55 A 1) e B e B[] B 28
etk A FEF—FHIIEAS

2) W 5 M I AR AR oo 78 A 5 P TR 2%
T BEMEEFFEMEILA,; —BIELT, MW
RIMBARTEAS K, R Z IR B IR 2 T B AR5
OV A, ot S ) 5 M A RS

3) AR AR AR T4 K, KA AR b2
MM FTEAL /N o KA AR AL R, B 2 1 37 G
FAUN 5 K R #R S 1R, i 2 R S5 B
TR B ()35 35 PEAR 26, 15 FC 03 3 %000, FNH8 1] 3 21 1)
BlK s 2RI R A e P, 3K g 1y 3g L 25
I AR M5 R KA AR AL RN, 2 FRPE L 18
SN,

4) BF9E X MR TEAR SRR R , (HIH 77 4R 3T X
BRI 2 NMBAE S KR, SR XA AR
1 30 mm/a, X N $5 i T AR R AT K 89 mm/a,

5) InSAR $ AR ] P iz 38 K il b T AR 5
B (18 S5 T 4t SR M L 4 T A P b 3T AR 1 Y TE L
B 255 b T I 45 1T 1 2 50 LA A RE B SR 4y
P I AR I & A TN 2 R AS A ALEE, AT Ay
i FRGUERT iR P bR 2= S 1

£ % 3Lk ( References) ;

(1] 2R, X8 31 e R T7, 45 K R i R s e J [0 . { Bt
2#.2019,17(6) :689 —696.
Li S Z,Deng Y,Shi F N, et al. Research progress on water - level —
fluctuation zones of reservoirs: A review [ J ]. Wetland Science,

2019,17(6) :689 —696.



- 218 - B % % E B R 2023 4
(2] UM, BB skl 55, =0 TR XAV R M v Al A Jiang 7 Y. Study on the solving methods of the ill — posed problems

[10]

[11]

WHAFHAERFTE[T]. A % 5 TR ,2019,38(9) : 1786 -
1796.

Huang B L,Yin Y P,Zhang Z H et al. Study on deterioration char-
acteristics of shallow rock mass in water the level fluctuation zone
of karst bank slopes in Three Gorges Reservoir area[ J]. Chinese
Journal of Rock Mechanics and Engineering,2019,38(9) :1786 —
1796.

W L GRS IR DX R R A AR
D e BEREANT [ ] K F2441,2020,51 (11) :1360 ~ 1371,
Yang H, Tang M G, Xu Q, et al. Deterioration characteristic test
and quality evaluation of bank slope rock mass in hydro — fluctua-
tion belt of Three Gorges Reservoir area[ J]. Journal of Hydraulic
Engineering,2020,51(11) ;1360 - 1371.

OPREE, SF B 5, 45 JET SRV 75 1 = DX 7%
AT BUR M T [ T]. KRS 2 2R, 2021 ,42(1) :26 -
34.

Shen Z F,Zhang K J, Xia X, et al. Bibliometric analysis of the cur-
rent situation and hot research topics on the water level fluctuation
zone of Three Gorges Reservoir [ J ]. Journal of Hydroecology,
2021,42(1) :26 - 34.

A = AR DXAR L B T T A8 A B b B K 43
[D]. dbmt: sPEHETA S (JLxat) ,2018.

Gao L. Terrain change and geological hazard analysis of the hydro —
fluctuation belt in the Wushan of Three Gorges Reservoir area
[D]. Beijing :China University of Geosciences( Beijing) ,2018.
FE FNEET EBAREETEN D] b B TR
(&) ,2019.

Wang F. Stability evaluation of bank slopes in Fengjie[ D ]. Bei-
jing; China University of Geosciences( Beijng) ,2019.

JE S XM, 22 L8R, A =k A DX G i T TR B % R K
THEE A B R [ T ] K SCHB BT TR 57, 2019,46 (5 ) : 136 —
143.

Zhou J,Deng M L,Li Z J, et al. Response patterns of buoyancy
weight loss landslides under reservoir water level fluctuation in the
Three Gorges Rservoir area[ J]. Hydrogeology & Engineering Geol-
0gy,2019,46(5) . 136 - 143.

FANHR, W T, 4. AR K v 05 2R Bk s ) B
WYRIB SR W L E R L] KRR i AR (R 3e30)
2021,52(1) :201 -211.

Fu X L,Tang M G,Ye R Q,et al. Study on deformation and stabili-
ty of hydrodynamic landslide under different reservoir water fluctu-
ation modes [ J ]. Water Resources and Hydropower Engineering,
2021,52(1) :201 -211.

Andrew K G,Richard M G,Howard A Z. Mapping small elevation
changes over large areas: Differential Radar interferometry [ J].
Journal of Geophysical Research Solid Earth,1989,94(B7) :9183 —
9191.

Berardino P, Fornaro G, Lanari R, et al. A new algorithm for sur-
face deformation monitoring based on small baseline differential
SAR Interferograms[ J]. IEEE Transactions on Geoscience and Re-
mote Sensing,2002,40(11) ;2375 —2383.

FIRTE. FFELR AR InSAR B AZ MR ) AN 3 A [n) 0L 55 Jr v F
FLI]. M348, 2020,49(3) :399.

of the SBAS InSAR deformation model [ J ]. Acta Geodaetica et
Cartographica Sinica,2020,49(3) :399.

[12] i 7. 5 PCTH 28 35 5 5 9 35 KU A B2 By 9 s 9 45 it

[13

[14

[15

[19

[

]

s

[

[

[

[

[D]. MR PRI K¥,2008.

Hai X. A study on risk assessment about geological disasters and
hazard prevention and mitigation measures of Fengjie in Chongqing
[D]. Chongging: Southwest University ,2008.

T A, =ik P X T O BRI 38 38 R 1 BB i ML AR Y
[D]. R# . AR T %, 2018,

Ma X J. The study of the permeability characteristics and seepage
law of landslide accumulation body in the Three Gorges Reservoir
area[ D]. Chengdu: Chengdu University of Technology,2018.

Vi IMESE £ O 5F JET GIS B2 R A Mk i 28
TR BRI ], PRI R A2 4 (B ARBLA R,
2020,37(2) :36 —44,2,142.

Xu J H,Sun D L, Wang Y, et al. Landslide susceptibility mapping
of Fengjie County based on GIS and improved analytic hierarchy
process[ J]. Journal of Chongqing Normal University ( Natural Sci-
ence) ,2020,37(2) :36 —44,2,142.

MR, B KLL, JE 558 PF B R0 Xk = e JBE IX AT AR
PR E MBS T]. W i ( BRI ,2019,41
(6) :48 -53.

Wu J F,Luo Y H,Zhou L L. Study of buoyancy effect on stability
of Zhulinwan landslide in Three Gorges Reservoir area J]. Journal
of China Three Gorges University ( Natural Sciences ) , 2019, 41
(6):48 -53.

ZRIKE, Vo, G, A PRI T RV A X 3K s o T v
B —— LA SR X A KRB [T]. BEROR S T
F£,2017,17(18) .18 -24.

Li Y K,Xu Q,Dong Y F, et al. Influence of reservoir water level
fluctuation on typical hydrodynamic pressure landslide : Taking Bai-
jiabao landslide in Three Gorges Reservoir for an example[ J]. Sci-
ence Technology and Engineering,2017,17(18) ;18 —24.
BOWLSC, B4 A U, S5 JA R e R R T2 K AR R R 2
43T 5 FI —— A =W DR B o 49 [T ] SRR
W44 ,2021,43(3) :621 - 631.

Huang G W, Wang J X,Du Y, et al. Time — delay analysis and pre-
diction of landslide considering precipitation and reservoir water
level : A case study of Xinpu landslide in Three Gorges Reservoir
areal J |. Journal of Earth Sciences and Environment, 2021, 43
(3):621 -631.

EMARK, B S, KK, 4. BE T SBAS — InSAR A 14 94 s Afk:
BB RE )] #BT R4, 2021,95(11) 13556 - 3570.
Yan Y Q, Guo C B,Zhang Y S, et al. Study on the deformation
characteristics of Xiongba ancient landslide based on SBAS - In-
SAR method, Tibet [ J ]. Acta Geologica Sinica,2021,95 (11):
3556 —3570.

RIS 2% 8, %5 A 2016—2020 4E Sentinel — 1 %
i 1R = P2 AR B AR E M I 5 B [T ] RO 4R
({5 BBl ,2021,46(10) 11560 - 1568.

Zhu T T,Shi X G,Zhou C,et al. Stability monitoring and analysis
of Shupinglandslide in Three Gorges Area with Sentinel — 1 images

from 2016 to 2020( J]. Geomatics and Information Science of Wu-



52 WA, 4 T InSAR A iH v A7 DU St 2T A8 R HOK B2 35 - 219 -

han University,2021,46(10) :1560 — 1568. Wang S X, Li S Y, Niu R Q. Monitoring slope displacements of
[20] F w2175, 4 Fi . AR A 28R 1E 19 InSAR W Muyubao landslide using InSAR analysis technique[ J]. Journal of
LT RILRABE etk ,2022,39(4) .77 - 84. Yangtze River Scientific Research Institute,2022,39(4) .77 - 84.

A time - series InSAR — based analysis of surface deformation of
hydro - fluctuation belts and the effects of hydrological elements

PAN Jianping, FU Zhanbao, DENG Fujiang, CAl Zhuoyan, ZHAO Ruiqi, CUI Wei
(School of Smart City, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract; Hydro — fluctuation belts are frequently struck by geological disasters. Therefore, ascertaining the effects
of hydrological factors such as reservoir water level and rainfall on the surface deformation of these belts is of great
significance for the early warning, prevention, and control of geological disasters. Based on 63 scenes of Sentinel —1
ascending images of the Fengjie section of the Three Gorges Reservoir Area from July 2018 to July 2020, this study
conducted the inversion of surface deformation using the small baseline subset interferometric synthetic aperture
Radar (SBAS —InSAR) technique. The inversion results were compared with the data of ground monitoring points,
and the hydrological elements were analyzed using the time series diagrams of deformation, reservoir water level ,
and monthly rainfall. The conclusions are as follows; () The change in the reservoir water level and rainfall are
important factors causing surface deformation. The effects of the change in the reservoir water level on the slope are
primarily reflected in the buoyancy effect and the water level difference inside and outside the slope. In
comparison, rainfall can decrease the shear strength and increase the dead weight of the slope, thus further
increasing the deformations; @) Quicker change in the reservoir water level corresponds to larger surface
deformation, and vice versa; (3) Rainfall is directly proportional to surface deformation and totally dominates the
surface deformation in the case of extremely heavy precipitation; @) The surface of the study area is stable overall.
However, two deformation anomaly zones have been found near the hydro — fluctuation belt. They have annual
deformation rates of over 30 mm/a, with a maximum of up to 8 mm/a within the anomaly zones. The above
conclusions have high theoretical and practical values and can provide scientific support for the accurate prevention
and control of geological disasters in hydro — fluctuation belts.

Keywords: hydro — fluctuation belt; hydrological element; deformation mechanism; SBAS — InSAR; Fengjie sec-

tion of Three Gorges Reservoir
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