B 4445 5T R RK%ZER - FE B %K Vol. 44 No. 7
2019 4F 7 H Geomatics and Information Science of Wuhan University July 2019

DOI:10. 13203 j. whugis20190072 ‘i

e
ket
7k

XEHES.1671-8860(2019)07-0996-12

Wik ®BJi 68 bk InSAR 251 W
LS AT ERIIEN

RARE XA

S

EZ 2

1 KRERFHF LR S % 5 BRI 744 ,710054
2 MR R TR R S R S0 & L BRPY P, 710054
3 B TR A M R G M B S R A R S L DU AR AR . 610059

W E.RAARILZEEETFFNE (interferometric synthetic aperture radar, INSAR) B K 3H# 25 & K
BHEGTEFRITRT S50 KA EMNARRBBEXRANFL, 4L RARRATES>HE KRR K
K09 £ 45 4A & IL42 F £ (synthetic aperture radar, SAR) 2 ¥ % 2 75 & ¥ R 2006-12 £ 2017-11 [ ¢ # &
BT T RABR LA 2006-12 £ 2011-03 F= 2016-01 £ 2016-11 # A &F 18] B 35 32 51 B 40 10 4 R A2 Ak,
FWIAEF R FERYBIEIET INSARFERAANLERGTERE EaM, RE. FTRARBERRALA
B L &t o #EE e TerraSAR-X B R T Kab A . 4R &AW, &£ INSAR BB E, RREE &K
KOBIRAERGH BT ZH R AETED, T RD BRI FRARTY Tk e ot /] &, &G, A A K
SAR B HEFET H LB RGBT REMNHAZ A THRG —EHBEHFEFEERBEAARLFEL GRS
— TR T B RABEX A AT LERBIET ARG RIREABE G ERE,

KEW:BF G HLRIGERLZTELTH N WA BEEN; RAEEX

HE S %S P237 XERARERD : A

T AR S — T 32 8 1 1 B O L A 1 5
AP i I € Rl S I S D IR P = P2 ) R
W 1950 — 2016 4F W1 18], & A& 7€ [ 1 5L
At R A E 28 139 82 . SR . i T MK
FAVRE TS 20 9802 . 52 305 M S A L 4L
AR R S BOR & B RMEVE I S A AL 1k
T e R HL B R ER T e B E . 2018-10-10,
AT S ICTE T R 2 2 D2 B =k i E R
P <R M BT O T B A O AR I RE L R
FHHRKFEPAER S w2tk AR K E B
TRREST ORI N R AR i W 77 22 4 F ) 58 42 4 4
PEAT T PR B 7 R LA S o [ 7 3 R B A 7
TG TR 1 1 98 2 DFA 0 D 0 2R 53R B DL R 2
Biih 4 REARMKFR B =007 50K B ia HL
R IR B L R B 2020 AR AR G
4 R FE BB ER .

S PR T JEOGT b O ) B A ) B Sy S B b
KERBTIR MR B AR S AL T i SR HOR SRR K
G fL AR 7 8 T 5 Il i Cinterferometric syn-

Y7 B H#:2019-02-28

thetic aperture radar, InSAR) 1 — THT A 1) 25
Ji) T e O I 5 AR EL AT 4 SRk | 4 K R UK T AR
b TEAF B E A8 A5 B B RE T SR AR SR B Tz N
FoprE = XY P R X R P L
DX A Vi e B AR I LA R ML B AR 5

HN R &8 T A YR A T /D B PE b B
dmiJal. 20 Al 60 AEAX, T Sk 5 £ B ke K
PERE R N AR SR TR . 1% D4R 28 Kk
LY AEFETR A 5. 4 A5 L DR I 2 b J B g fih B
R 1 BT K AT AN HEE < 0T 0 R ol R
R aEp L FRK AR NI IERITTRIBK TR
T AR B A 9 I LA R IR 30 R A B B R T . A
125 30 RAERL KL Tl 120 Wi LR,
E NS B AEMTE R 7 205 o G RO &
b DX TS A T B A3 A R LA
PRALEE DR o A v A e sh A A

H T A 0 BB T 6 4 00 A e A R
Hh b BT A O 8 B AR e AL I & DL
B m R AR Y (digital elevation model, DEM) 4}

T E B [E R E AR R (2018 YFC1504805) 5 E 5 H SRR} 24 3 4 (41731066,41874005) ,
FE—1EE R W, 2, 35 G5 R ) B AL B InSAR K Hb K FE W AFSY . zhaochaoying@163. com



5 A4 B T I

BB A HON BT & 3 R B InSAR U I 55 2k ARt SR oY 997

BT T s s REZ RS X T 24 & A4 0 1 3 F i 78 45
AT I A g H L B = 0 D s 3 A DL e T
Wl Wit R) A2 AR AR B9 40 B . A B BOE AR W Oy
AT G5 /0 BE T AR 109 95 3 B 28 AR ik LA R I Jia] 3 £k
SRR AR R, TR MR R U gy T, AR
HrTE B A M A A L DEM J3 i DL K B3 5 S5 a
IR I A3 B B ) R AR AL, B T, AR SR
F InSAR HAK FIH Z 8 . 2 88 A1 1 & i fL7E 75
ik (synthetic aperture radar, SAR) E{3g %t B
5 Hi DX AE 19 B - O R 2 e A A L KRR
T A W W LA R R R e A5

1 EF InSAR I ARMBEE LB
RH e R kTR &

B OGE I RR RE JB L Bn N 1 s ] R
JE ) — X5 20 e e D T 5 e Vi A
FEJE T 3T InSAR AR MY /N RBE 3 4 ¥ B 4
WD LA B2 R et = 5, 4 o 6 X 1 A 5% 1k
R0 A B R
1.1 InSAREARAFELBESHERE

BT SAR SARMIA AR 19 JL AT 6 & #7761
W B T DL BGE I 45 45 U AT A B4 , B i 1 v
WA A X SR B — SAR B YR 17 9 SR
BN A5 FEEBIR AL . ASCRHZIE . £
HUIE 2 WA SAR S I R W A B - A U
FoE  Hom R E A 1 iR, X FAE— SAR Bl
BLH B — R ERAR L BT A AR
WERNZ AR LI R T 5 SR J5 il i % 8 i 28 3%
25 1 (AT T P00 A L D I A 4 DA S T iR
Z 5 RAR 2 10 5 Bk 5 B A 0k B S5 i 48 v
P, SR TN ASCOT- 2 149 Ty 23 02 501 el 3 R 1) ) 9
AR R

BN /N RUBE B A B 0 R R R L E InSAR
Hcd b B rp T 21 S % R DEM R 22 1Y B IE |
15 25 A HR I 5 I IE DA R e o T Pk
TG A SO U I ) R 2R K s TR SRR A T
KitH DEM 22 8 115315 3] 1) DEM i3 22 #:4€
HOR R R 4G DEM SRR DL H DL KA 3
(7 S AT A 2 3R 22 BRI R R B 2 A M T
P 0 8008 A7 4 A7 A 28 L R AR A7 b2 1) O X AR A5 fige
SR 2L B IE . B JE X R I AR AR
EIVAR B . B s Ak U0 T AR T L a0 SR B AR R
KF 2 em/a HE/NTF —1 ecm/a F 8566 2 R 52
W T HERR JL AR MR AR X W 3 0 0 5 i,
JH DEM # 5 K DL J% SAR 38 J |8 2 5 841 FF i1

Il B 98

XFFTA B SAR Bl 82 B PAT L34 A S0 3R
I [v ) BEAS [6) SAR 048 £ 4501 11 &5 S 1k
A2 Rk . e 20 AR SAR B 42 7Un1 14 5E
LT 39 S e AL 5 A B 22 I AR O 30 0 LT

SAR 4 1

Bk =
™| DI;E}li RCHE ) SAR 344%

'
m FEST T P A e B Y il'ﬁ?-'|

IR

[ LB R 5 |

A=
DEM i 2 (1t 5% |
q

-

‘ A AR AR 25 ) A 2 2 ‘

[ L o o A 5

[oEm gt | [ ipmoneninn | [ rsm |

[]
\ BU S e T, \ [im;u 1y i £ r\,|

i
[ upts 1 s |

K1 2 SAR 4 5 L i SR
Fig. 1 Flowchart of Loess Landslide Detection with
Multi-source SAR Datasets

1.2 InSAR H#ARFM T &L EHKHF BN

Kl 2 S Z I8 SAR Bfls 5 /N ROE B RIS
F 3 M U R T, AN TR T B R X
—~ SAR $diE 5 53 S AT O E T B AR R
VDL S YE 25 R PR InSAR H AR TR W
WAk ik 6] Fp 2 I 22 . B AR SAR Hi 4 46 Fir 4k
A5 B4 BsF ) 7 270 T A 25 SR 285 5 e Ol R A7 0 B AR 1
Bf B A8 W 5
1.3 InSAR HEARAFTHIBHRIABEAHR

HOHLEEF InSAR 43 B 7 107 A BE % K 45
— AL T AR AR SCEE A TR RS T W
B N 1 DR RN e | ES R S i U O s A N = N LT}
IR VG ] B AS [ JE 28 5 I 25 R 43 A AN [R) 1 2+
PoRREBIA L, BEX B — TR AL B R 1Y Ry FR
£, Samsonov 25" $ T £ 4k /N R 2R 4 (multi-
dimensional small baseline subset, MSBAS) H}
J¥ InSAR 43 H7 J7 ik

IR ARG B — SAR Fda 4, vl = (D
T AR AR I ] E S AR £ B0



998 K FEH

f& BB 2 R 2019 4E 7 A

|| SAR #dli i 1 |
| BCHESS 1) SAR $21%

[
DEM

e Fiwmm e rrenmirse|
!
| R TR R

R ey

7
DEM 1% 2 (1151 |
I

__{

| AR AR 0358 2 0 LA K S

[ 2 W T A 15 |

T A WS ) B AR )
SIS Ty
|

T BT AL LR 10 JE AR I ]
IR T
[

{
[N I 9 8 2 M 3

Kl 2 28 SAR B 45 31 b 3 i i e e 0 0 AR A
Fig. 2 Flowchart of Loess Landslide Time Series

Monitoring with Multi-source SAR Datasets
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Research on Loess Landslide Identification, Monitoring and
Failure Mode with InSAR Technique in Heifangtai, Gansu

ZHAO Chaoying"® LIU Xiaojie'! ZHANG Qin'® PENG Jianbing' XU Qiang’
1 School of Geology Engineering and Geomatics, Chang”’an University, Xi’an 710054, China
2 State Key Laboratory of Geo-information Engineering, Xi’an 710054, China
3 State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,

Chengdu 610059, China

Abstract: The interferometric synthetic aperture radar (InSAR) technique is used over Heifangtai
loess terrace, Gansu province of China to map the distribution of potential loess landslides, the evolu-
tion of landslide deformation and the failure mode. Firstly, the archived synthetic aperture radar
(SAR) datasets with different spatial resolutions and wavelengths from December 2006 to November
2017 are used to identify the potential landslides. Tens potential landslide areas are identified from
December 2006 to March 2011 and from January 2016 to November 2016. Field investigation and opti-
cal remote sensing images validate the reliability and accuracy of the identified landslides. Then, the
TerraSAR-X data with high spatial and temporal resolution are used to monitor the time series
deformation of the typical unstable slopes. Results demonstrate that the landslides with the large ac-
cumulative deformation all occur in the following time, and the acceleration dates of failed landslides
are successfully captured by InSAR time series results. Finally, two-dimensional deformation monito-
ring of loess landslide is conducted by combining with ascending and descending SAR datasets. The
landslide failure mode are analyzed in depth according to the obtained two-dimensional deformation
results, topographic map and remote sensing images. The accuracy of the obtained result is verified
by field investigation.

Key words: Heifangtai; loess landslide; interferometric synthetic aperture radar (InSAR); landslide

identification; deformation monitoring; failure mode
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