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Research progress of InSAR technology application on landslide identification
and monitoring
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Abstract: This paper is the result of geological survey engineering.
[Objective] Landslides pose a significant risk to major constructions and human safety in mountainous areas, and the early

identification and monitoring of landslide has become an important way to prevent risk. [Methods] This paper briefly introduces the
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basic principle of InSAR technology and its development history, and introduces the current research status of its application in
landslide identification and monitoring. [Results] The three types of landslide InSAR identification are regional, key sections and
single landslide. InSAR monitoring of landslides mainly focuses on large landslides with significant risk, and highlights the research
progress in monitoring method and early warning modeling. On this basis, the main challenges faced by InSAR technology in
landslide identification and monitoring research at this stage are pointed out, including: the challenge of geometrical distortion in
side—view imaging under complex terrain conditions, detecting large gradient deformation of landslides, atmospheric delays and
vegetation penetration, etc. InSAR technology in landslide application still exists problems such as insufficient capacity of
large—scale monitoring, low degree of automation of processing process, and insufficient degree of data analysis and mining.
[Conclusions] The future development direction of InSAR technology in landslide identification and monitoring is prospected. With
the continuous improvement of the application level of InSAR technology, it will effectively promote the new leap in landslide

disaster risk prevention.

Key words: landslide; InSAR technology; early identification; monitoring and early warning; artificial intelligence; geological
survey engineering

Highlights: The application of InSAR technology in landslide identification is summarized at three levels: Regional landslide
identification, key section landslide identification and monolithic landslide identification, focusing on the method selection and early
warning modeling of landslide monitoring using InSAR technology, and discussing the future research trends and development
directions.
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Table 1 Comparison of common InSAR technologies (after Li Xiaoen et al., 2021; Li Zhenhong et al., 2022)
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Fig.1 InSAR landslide hazard identification (modified from Liu Xiaoyi et al., 2019)
a—Wide-area landslide identification; b—Key river basin landslide identification; c—Active fracture zone landslide identification; d—Monolithic
andslide identification; The yellow landslide boundaries in Fig. ¢ and d represent the identified deformation zones along the approximately northwest
direction (subsidence in the radar line of sight (LOS) direction), while the blue landslide boundaries denote the identified deformation zones along the

approximately southeast direction (uplift in the radar line of sight (LOS) direction)
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3R 2 SAR HEBIEHI N AU (& Moreira et al., 2013 )
Table 2 Application areas of SAR data in various frequency bands (after Moreira et al., 2013)
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A W0 DX 3 e L i B AR mk Ak A IO A
JERLARAT PS-InSAR HE AR &7 AR ALK IMIR 2 . Itk
Tl W E % R A N P B SR 9 SBAS-InSAR %
Ko ZEHAELE(2021) i SBAS-InSAR Hi A, X
BRI 45 B 22 A~ LR 1 I R A5 1 B A 5 AR
I3Hrs IEHE RS (2022 )12 1] SBAS-InSAR $ AR 454
F2F 8 SRR A E, W T I AT R M Y — B IR
HUOR, KKETE T T3 %) W s 2
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(after Zhang Yongshuang et al., 2020)
a—Landslide deformation rate map; b—Profile monitoring curve along
the main slide direction; c—Key point monitoring curve
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FRAIEOL . TR RPN E AR, A D23
SR AP EOR B TR A, BN T R H ARG
50 & (IPTA-InSAR) FoAR, B 17 R4 v H
ROR (Dehghani, 2016; BE#%5F, 2017) . Lok, AAZ
HeRE | A WS RE MY InSAR 4 AL Aok A
I3z R, A0 Hu et al.(2013) 42 H 7 38 13 T+ 5L
SAR 4l HEAT 8 e = 4 i 5 e DU B9 InSAR R
Samsonov et al.(2020) 42 i T MSBAS-3D J7i%, fE
f 4 O I = 4R IE AR (%) B[] 7 51 Liu et al.(2022b)
iz Ji] DS-InSAR FIARXS G VML b HFiR s H WtktT 1
WD, AHEE T PS-InSAR A W I 52 1) 2% 2R i 1
20% LA b, SEEARTE T I W A R PR S T
4.2 BT InSAR HARHBIHFERE

T 35 W P e 2 H R R R T S RS o
(Casagli et al., 2023) . [E PR % UL ) 1505 J7 02
R PUE R HAREH Saito(1969)
PEH T TSI 45 B E 21 B 20 s AR AR
SRR AR | AN | s AR 3 B Btk
A7 F TR T 7 A A 2R IR A R B AR
(1996 ) H4 13 i3 Verhulst 8 1 57 R B A 13k
TR 1) T R AR I ST 1 3 A [ g 0
ks VPOmAE (2009 ) 45 3 F1 FH S AU UI L A, 15 7 e
AU b REEIN AR I B Bt — 20 3 AN B Be i
R s A R I T T KB 5 T R 4 (2020) 42
TG Y R T R AR R ) T 3 I T ) TR
%; Segalini et al.(2018 )45 H T A e 3 e 122 A o
TR AR AT I U Y X S T A A
A5 I FH T T 3 W T, S T R AFRICR .

FIH InSAR 432 A B4 W 0 05 11 O B 2% ¥
AR AS [ (B B o TR R, AN DB 5 o B TR
J¥ InSAR 4 WIS s, #8351 1 3 2R A2 ) AR
e, P20 TR R SRR S(E . o0, X 8 945 (2019)
TERFSE ATy 5 M X B I IR T, B AR TR 0K 2 cm/a
FI—1 em/a 1E R I BEHITR BIE AR B(E; XA (2022)
iz 1] InSAR UG VYL 4k 3, 4 10 mmya 1
“h AR T R [ {H ; Herrera et al.(2013) % L I Br+21
mm/a. C I EE+14 mm/a A1 X Br+16 mm/a 1E 4 [H
i . Wasowski and Bovenga(2014) 1A Ky, H| W&
FeE 5 15 1) B (E O TR R BB I i3 . kL R
TRl 4 R 25 5K AUEF(2020) I\, T AE A1k
B B (] — M AF FE B W0 i 455 a5 . DRI i 3 A I

W) AR hr 24BN 34 5] L fR AT B0 0 5 2 T AE Ry
InSAR H A HN Wi S A [RI AL B BE A FR ks

i Az PR T P A U7 R R BRI, SR A InSAR
AR T 35 B 5 b 1o W 0 35 A R ARUA R ) b 3
JEASHRI, HE T InSAR B 1Y W 5% 7 AT 4k T
R B, ARk, Ui BB A RER 1 5 8 10%
B F T R BR ST 2S, 2 Y InSAR Wil £t
55 GNSS. H2E8 B GRS AR 55 22 05 W I A s
g5 4 10 T BERL ) 2 B T 0045 10 s (2242,
2022; XIkAF, 2024) .

5 MilsHI PR SRS

JEKE, InSAR FEAR M 8 5 57 T4 5t 7400
YU 5 W BT KT, £ 5 T Bty Jr ML LA 3
B, 83 KR B BIF S 0 M R AS T 52
(970 SR, 4 InSAR FiA 11 B B H e 9 7

5.1 InSAR ARG HIGH) FEEBRAK
510 B2 T A TF JUAT w64 Bk

SAR T ARG e e T HAE H I R
ER By R et i IX, 2577 RS, 15 . B I
85 LA WA AR, B B TC R LI & X (Wasowski and
Bovenga, 2014), H i 2 EEEEE 28 Ok
T R . THRRBEE | M DO ) SR 2
J7 2, BRABTERR 316 G0 T G2 fifk JL AT Wy 22 17 SR 119 52 k)
(Z=PEHEEE, 2019; Liu et al., 2023 ), (B Z UMW T4
e LS BRAR IR
5.1.2 MR 3R R AP TG T AR M 8 Bk,

InSAR $ AR 138 FIX G238 % R & HE G218 A8
I, — ELM SR AR B ) — e Y L 2 7 A
AT NG, DT T S R i o > R ZE AR I
KERRE M BIEARRT, H R SAR AR R WAL s g
i, SN R (RSST) i3 SAR(GB-SAR) 4%

< 4 ZBHE InSAR FAR 5HhE SAR EASEEXTLE
( Casagli et al., 2023 )

Table 4 Comparison of the scope of application of MT-
InSAR and GB-SAR (after Casagli et al., 2023)

FARGH bEE AL TSR Ve Sk
% #HInSAR ES, RS, SL* ES, RS, SL* ES*, RS*
I ES, RS ES, RS, SL* ES, RS,

VE: LRI (ES: MAE4E1.6 m/yr#)1.8 m/h) . AR
(RS: <1.6 m/a%|>1.8 m/h) . FLEWIH (SL: <1.6 m/aF|>1.8
m/h) , aRRMNAHBRESIERR.
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HAR . LI GB-SAR ], B SR AR WL 21T AR A
AEXT KR 3 (3% 4), (EHOWIYE A/ . HEMRICR
BEAIR, PRI 22 B0 DL A BB AT X LA S A T IR AR
PRI

5.1.3 K AL R o Pk,

SAR LB B K & 5 0 B R I A 55 A 28 o b Bk
KAJZH 27 AL IR, AT S M InSAR A 480 K
FE . WOy A AR I T Z A sh B 0 4 P A
(MMLM) . il S P A TR A R SEIE &2 48 GACOS
Efp T B, TE— B R E E T KRR A
M (2R EESE, 2019; Xiao et al., 2022; Tomas et al.,
2023), {HH T HuIR KSR R 748, FAAEACR Y
AN M, RAHE IR TE (b B2 b I AR 0 v AT 2
— IS E TR E
514 XABHAKEE T FEROIE

FEVRUN ¢ TR A 55 (AU e, T AR S A
A S TeV O, DA TR O AH T BRAR,  2 E AE T
5% T BE B 2F i PR 1 4 D B (L B ) SAR %5 ¥
PHTALBR (TR A4E, 2021), (Hi PRI R IAGES
AT 72 I A AR ARG, B S B g FH AT 32 310 85 Kol
23 (XA, 2024) .

5.2 InSAR ¥ ARTFEiB I 3T R IFER B)R
5.2.1 InSAR )~ 875 s Woml 48 A R 2

Z T SAR A M)A [ 43P 1A E i
AL KBy InSAR B4 Ab B 2 1) FR |, InSAR W
DU R4S A PR T 33 W0 Sy =, T 3 R A I
TR,

5.2.2 InSAR #& K F B Fh A2 E 44K

InSAR $7 AR Ab #R A% 1 2l Ak F2 B AIK 3= 2R 8
TEW 7 Tl — /& InSAR I AREHR A BTH2A FE &
WHEARNG S, TR0 T A BN R A=
R BB ARSI — 2B InSAR R %S
A 5 2N B AR, FE T B A
BEZTHENIZ 50 TAER, ReF A T3 H g
JEAF R T BEAEAE BB 20 F 0, 520 Vi 33 A 1R 45
Ro BiRREE—EFEE R T InSAR AR
e K FNHES, TR T InSAR JEAE BRI ) bR v
FAERAE
5.2.3 InSAR #4535 4BA2 AL

InSAR $ AR 78 I FH a2 v = A T 1 1 i b 5
TE AR, AEECHE TS I T S B 1 Sk 118 9 33 A DG R

LIRS S TR RPN IR 2 TE vt - P i = M i B &
BT =, LILER %> L REF T HR
AN TR R AR KR T 17 X 1 2 540 1)
FZHERE T, BEDLARAMR A 1 | BRI 2 M 4% (CNN) 45
5 InSAR FiARLE A C4HUS T 9125 ik (Sica et al.,
2022; Liu et al., 2022a; Zhang et al., 2023c; Zhao et
al., 2024), PJiHH InSAR K4l HLAT 55K A W A (55
RRIZH . BEAN, AT 25 o8 b InSAR di 51
Y312 LT 45 G R B, X RER G AL Y
MR
53 RBE

VLAFR, M I TR B, i B A
TR RE S AR I WU & g, InSAR $E AR & JE i
i, TEM AR S e rh 245 T HEAEH, Ak, &
FEALEL A 24T InSAR HiAR &R E s, &
X} ERHEE S5 AL, InSAR H AR A KATHAELL 7
[(ESEA N
5.3.1 #7152 SAR B AL

W& SAR T Fh B 19 A W i, SAR %L
P ARIW B F 5 5838, ANFZEAIAY SAR s ) h
fiff R 1 Tr) 0 AN [, BB BB R 15 ) 22 A S
SAR B % 5 5 — BT 6, S KIEZ Mk
SAR H¥E O3, $E T2 U SAR i i 1 AR,
H49# InSAR 7E5 285 50 T WIIE WV RE ) o
5.3.2 3 InSAR B AAE LS § SHILZ R

P 1 3 () AR 52 Pk, e T 3 TR ) 5 T
e bl T 1 22 Fh InSAR 45 R K SAR BiE i 47
AR B AT AR (B FE 55, 2020), {H£3AH
N HBYE TN T AR5 5. ik, IR7FHF InSAR AR
TTBE b df 24 Ab B, 3 o 15 B 4 BV AT SE A []
InSAR HAR MY FHE EE 20, SC3 SAR Bdia iy H ik
AbFE . HHET, StaMPS, MSBAS, EZ-InSAR 5545 Bt
1t InSAR Ab3E T HALE G H, BEE AR
BTN, InSAR F AR MR T TR — 2 B
5.3.3 423t InSAR H A5 Z 8% M B ARIR L ek b

InSAR FEA 17 S W5 00 5 790 e 7 19 32 221
2k A B EETEW . ZdEab B S, BRI
SR AR EAE RO 2%, FEAR R WS B BRI < =7
FARSIH SAR TR EHE . Hb i W I B4 5 b iR
RAT AT 5 50 1 S BRI, K SAR $dis sk
B A% 2w k55 A%, 8 b i 55T 5 SERs 5,
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S A RARE A RETHLFIE AR S NI . B
J7 1) AP EEIFSY, AR SR HEAE JE T InSAR HAR 1
DX 22 RUBE | R A 3 T e S ol WA T R 4, 4
I B R RGBT, WA EOK R i A% 26 2 P AHE,
SEER VB T
534 XA TR A9 A#7 InSAR H AR

DIMLER S | R ) SRR N TR Re
ARy T EE A BAR AT . A F InSAR B AR
M dt— A N TR REH AR, R 256 18 3 o
MUHIIT RIS, LAY BRALE 04 & AT
S InSAR AR BT FUEAR Y, BT Bk
RG24 R 5 G MR SR B, B 0 e
T 3 — [ o B O A ) 2 1 (SR AN 2 2
2022; W AIZERE, 2022) .
6 %5

AN SCHE T B[R] B InSAR 43 AR & Ji g A ) Al
b BREE T InSAR B ATE M B S AWEI Hp H AY
WFFEPAR, 35 B8 T Rk InSAR FARTENG i 5 & HF
FHMERE . EEAR TR,

(1)InSAR £ R & J Z 45O A i iy
s, A T B U B R BT A o A B B L PR
TR B BORN B B

(2)InSAR FAR TR 11450 T BT Je i 3 iR 5]
5 A T g SR B, T ASEBR SRV L H X
BORI BRI B AT, JE T InSAR B2 A 4 35 il
T i S5 T T W I UE B BACR

(3) 24T InSAR FE ARANAFTE iR A5 5 1% 1) Pk %,
AR S 5 1) TLART e A5 | 39 ORf B T AR 40 L R
FEIR R 2% J R 25 35 25 [ TS SR ) 29 % InSAR
ARER S K&, BB, InSAR A AE R ik fE
FERYE BT S W I e N L Ab B RR A SRR
1% BEZ e R B N8 A ) 5

(4) InSAR H5 ARTEA KA A BRI K S 71,
N FFSEAEDE InSAR H2R F sk FA figf, iF—2p 4%
A i Y InSAR Kl 55 N T8 BE R 3% 2 il
A, B InSAR AR 5B HIAH LS A 9 B Fiies
RRHY 2 %, Bl 0 Vb 30 T M A ) 2 1
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