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Abstract: Objectives: On December 18, 2023, an Ms 6.2 earthquake occurred in Jishishan County, Gan-
su Province, China. The earthquake caused more than 150 deaths and extensive collapse of buildings, and

triggered a mass of coseismic landslides. In addition, the earthquake will also accelerate the deformation of
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active landslides, seriously threatening the safety of people’ s lives and property and infrastructure. There-
fore, it is imperative to carry out research on the rapid identification and dynamic deformation monitoring of
active landslides in earthquake—affected areas. Methods: We propose a novel framework for the automatic
identification and dynamic deformation monitoring of active landslides in earthquake areas based on interfero-
metric synthetic aperture radar (InSAR) technology. First, the InNSAR phase—gradient rate, deformation
rate and time series are calculated by utilizing both the ascending and descending Sentinel-1 synthetic aper-
ture radar (SAR) images acquired during March 2017 to December 2023; and then, an approach for the au-
tomatic identification of active landslides 1s established using Deepl.abV 3 deep learning algorithm. As a re-
sult, the inventory map of active landslides in the study area was produced using the proposed method, and
the spatial distribution characteristics of the landslides were investigated. Second, newly acquired SAR images
were rapidly processed using the sequential InSAR method, thus achieving the dynamic deformation moni-
toring of landslides and the timely capture of earthquake—induced acceleration deformation signal. Results:
The InSAR results revealed that there are 2 021 active landslides with varying dimensions within a 70 km
radius of the epicenter, and six regions exhibited particularly dense landslide distributions. The spatial distri-
bution of the mapped landslides exhibited a clustering pattern: primarily within 22 km of faults, 28 km of
rivers, and 10 km of roads. Additionally, they were predominantly located at elevations below 3 400 m and
on slopes ranging 15°-35°, and also mainly distributed along the north, north—east, and east directions.
Conclusion: The deformation of some detected landslides within Jishishan County and along the Yellow
River were significantly accelerated as a result of the earthquake event, thus reducing the stability of the
slope. The reliability of the InSAR-derived results was verified through the field geological investigation.
The proposed method offers significant technical value for the rapid investigation and dynamic monitoring
of active landslides in similar seismic events, and the research findings provide scientific data support for
post—earthquake reconstruction and secondary landslide disaster risk assessment.

Key words: Jishishan earthquake; landslide identification; dynamic deformation monitoring; sequential In-

SAR; Sentinel-1 image
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Automatic Identification Framework of Active Landslides Using INSAR Phase Gradient Rate

Based on the Deepl.abV 3 Model

Block . Stage 1.Stage 2, Stage 3 } Stage 4 ¥ 17 8
F5 BT KA SR UL ARRHE T A2 R IR . SR
TZRRE B] 28 23k 23 1 25 (8] 42 2 35 M 4k (atrous spatial
pyramid pooling, ASPP)#H ik — 5§ BUE AR 1Y
Z RBERIE . A TR 3% A 1Y, ASPP 5 e b fifi
JT A IF AT 9 I M AL, B — > TX TR £ B 3
A 3X 3 BRI A3 50 4 12,24 F136) , F h
L K 238 15 I A 80 0 I S BEOR R 2 W 0/
Y ] 3, i AdaptAvgPool 2k B4 in E 4% 9% /Y 4%
fE o SRS B X1 Ry 2 B 22 RO RRAIE 14 32 42
(Concat) 4= Jifr 1Y 45 F &, 2% 4% fF Bl £ 4 Final
Block 73 J8 345 5 2 (1 1% 3l i B 00 45 2R, O i
b SRR RN 2 SRR A2 JOR R RN 8
InSAR AHA 6 B 3 2 05 2 i e A s Ak iR . SR A
TR IE 2 ) D7 6 AT 16 sh i Bk B s Ak il iy, — 4
Y A BRI A O R0 4R I 2 B4 4 10 ot
R E G R BN ORI A R . ASGE AT
H W 15 10 7 207 AR U ZRRE A B 26 BG4 IX 35
NI SRR e R A NI F 8 s TR VA s B
S R AR BN R RO 4R L A 4R InSAR AH AL B B
UV INE T SURTE (Y1 L
23 FHRInSARBHEEEZHEEN

Ry P AR M RE S b 2 I S I 4 s M 7R X 1
B R AR SCR T B InSAR Jr Y AT Bk
13 SAR AR B A b 1, HAZ O AR Ry R HT IR
I i 7 22 v i 5T de /D 3R B ik HEAT InSAR B
Jp AR AR, B0 8 — 5L 5t SAR AR I, X
e A A7 A 52 AR Ak T B M 2% 08 A8 8 A Py D5
BRI RT A 3 B 608 2 (E AN P PR BB . 10T Y

[xz}_{mf +A,"P,A,
vl | B'P.A,

Q[X;Y]_I:
BTP2A2

LR A SARZAR AT G, Bl A 75 247 ik
R A I S SAR R G R Bt e SO (A e 4 1
WD) WA TG ZAEAT w5 B R 0 AR
HL A7l = 18]/ o

R A N5 D S AF RS SAR AR, A2 il MR
1 O A 2T R PR U T R T R i R
78 T R I ] PP )

0 —10 +1---0 0 0 1[d, 1

_ d, ,
1O+1OOOO :-_7?2(5)
LO 0 0 0 -—10+1ld |g,

A, X,
K, d, (i=1,2,-,N )RR TEBEWL 1 R
MR A 50, (i=1,2, -, M) Nf#MET WK,
K H e/ Z 3 B8 o 2 (5) kAT oK Ak, BV AT 45 2
RN ZHX 1Ak A S P DB B Q-
X, =(A,"P,A,)'A,"PL,
Qy=(A,"P A"

B — e L SAR AR, B Je R
FERSBLHE 5 Z A AR 1 JL 5 SAR AR #EAT T 4b
PR A B e 0T ARG T R L, ST B ST AR R
LI T R

V,=A,X,+BY — L, P, (7)
Kb X, E—r B8 X RS 0E ;Y S opnig
SARFEB I P RIS s A, 5 B H 0 REUE
s P 5 V., 53 5 kB AU B SRR 12 25 . R
TR /N A B X (7)) AT R A B R AR B R
MBHX. Y] B R R EE I Q-

(6)

AZszB}I[QQXI +A3‘PZL2}
B'P.B

B'P,L
2Ly (8)

Q;1+A2TP2A2 AZTPZAZ

B'P.,B }



304 R 2 (B2 1)

202542 H

3 #RE59Wm

31 MRREMERET SN

FH 2017 4F 3 H 2 20234F 6 H 1y FHh 5 2018
AE 3 H F 20234F 12 H B HLAEAY Sentinel-1 5214,
HE T2 S B 3 T ik B TR B A 2T 1 B 3 A Bl kR
B B RAR I 5T X 3K 2017 4F 3 A & 2023 4F
12 H BIA7RS SAR S2 AR Hb 228 A5 SR K [ 7751
mE 6 FTR . E6(a).6(c) il 7R FH#L Senti-

102°00'E

102°30'E 103°00'E 103°30'E

RSP AR/ (mmea ) km
[ e e——

-100  -50
102°00'E

0 50
102°30'E

100
103°00'E

HBLh:

-400 -200 0 200 400 0

_102°00°E

10330

nel-1 SRR I B 98 X B0 2017 41 3 A % 2023
AF 6 1 2 A8 1 R K BBUE AR I 6(b) .6(d)
A3 50 R AE RS K Sentinel-1 81438 3815 1Y 2018
AE 3 & 2023 4F 12 J 1 b 3R P A8 % e RBE
A5, AT B InSARE AR K Hhn] LUE Y B 5% X
B AR A T AR E RS OB AR JUR A F — 10~
10 mm/a) , A& & BRI R IE A5 HIE R
T DX Il A7 7 2 A /N R R |, B KA T AR i
it 80 cm/a, fx K ZFUE AR 14 130 ecm.

102°30'E 103°00'E

103°30'E

36°00'N

35°30'N

FALELE

BB A (mm-a )
L ——re——————
50-100
_102°00'E

-50 0 50

102°30'E

100

103°00'E 103°30'E

36°00'N

35°30'N

ZBUEA /mm km

50-400 200 0 200 400 0 50

T AR (AL (8) RN 1 SAR T2 LR Ty [l i 3 2 A8, 1B fBL Ol () SR it L2 Rk Jr 1) iy s R TR 28
Fl6 WX IR 2017 4F 3 2 2023 4F 12 H F4-#L(a, o) 2018 4F 3 H & 2023 4F 12 H FE#L(b, d) Sentinel-1
AR MY 7 R T R R
Fig. 6 Deformation Rate and Cumulative Deformation of the Study Area Calculated with Ascending(March 2017 to
December 2023) (a, c) and Descending(March 2018 to December 2023) (b, d) Sentinel-1 Images

e 7 8 AL B 81 A 36 £ 74 g (18] 6 Pk
@) B AR 1w (& 6 i 2k @) X 8 e BR o 9 4 0 A
AT X, 32 X S B A L TP 24 64 km, TR
DX 3 19 45 8l 72 T X RE AT B o A o 2 0 EE e
TG AR X AR T X R R O R R Y

% B Bz 8, e KRB K AE K B 4238 1 km
KAE S8 ¥ Bk #) 213 km, fix RAEELAEH R N
—14.2 em/a, | KR B2FIE A K —87.9 cm. 141,
TE T 18 5 R U A N 2R 4L B 7R 38 58 3 v
B DX 38k (P 6 R sk @) R~ B P b X 3k (& 6



%550 &5 2 W

XNBGEAN G BT InSAR H AR HON B 152 X35 3 8 U 5 3 25 T8 742 e 305

ik @) AP B A B AR X CE 6 T
@) H R H R RO B A M B AR (6
173k ©) K H Il 4 ks B (E 6 thii sk @) % X
WAl R B AR A A R R AR T X, e KA
& X AE K ik F] 3.98 km 98 JE ik F] 2.49 km,
B RAEFE AR N —5.2 cm/a, fir K BRI K
—30.2 cm. EEHH M B A L E KIS A 5
KRB ASTE X, o e K AR B XA F R b
HEIXNE S B ERZA 5.2 km, KEZA K 1.2 km,
Y BE 2924 0.5 km, FHEL 5 FE#L Sentinel-1 5214 [F] i}
WL 2 AR X, e KRR A A — 6.2 cm/a,
EBUIEAE A —50.1 cm. 2233 8 A 56 30F A H R
B SR B BT B A B R X i R
DX Sk — D7 S oy i 3 A abb vkt 7 s G 3 AR ) 3
3 DX 3 R P I B Ak
32 MRREEHEESHHEEE

BT InSAR 15 5] (14 AH 7 16 B 3 R (18 4)  Hh
FIARH R (K 6(a) .6(b))F ZREILA (F 6(c) .
6(d)), R HS2.2 Fr ik Jr AR ICT 57 70 km ji [
PN 3 20 T 3 A3 A A B L B B Ay i B 7 () |
7(b) 7R o FERFZE X AL THHM 2] 2 021 415 3
W, o TFL Sentinel-1 54484 M F] 1 4014,
B 7(a) W 2 0 2 1 T R ; BB Sentinel-1 52 4%
BEMF] 1 2504, & 7(a) th B ZHIE PR T
L5 B AR L R R T 1) 630 4> o A SCOUE LA AR B
WF 8 DX UAE P2 0% 3 38 A a1k Sk D A 38 4K
P % InSAR U (4 755 2 1 31k 245 2R 1 A7 i PR AN
{FL3E 2o B A1 b 578 A 5 e g BE RO AR 18 G4
A5 A T X% InSAR B B 245 R ik 17 T 12 — 50
WE o &5 R, InSAR A 2 021 A4 3 3 76 3K
Yy B 2 3 G AR 1 ¥ R B B B 0 W R S
FRAE o THPL S B BRI 1 25 S R B A K 22
S 3 B R DR R ST X T R AR Bk B AR Ak
JRIZ S B — U (TR L) 19 SAR SR
AEAE T 55 10 LA B A5 X i — 25 0B T 78 1L X
5B THILS B SAR SEAR UEAT 1 300 5 W
1) M

1 &L 7(b) BT 7 14 T 3k o3 A % B R v] DU
W52 DX S 7 6 0 e % B85 1 T i 40 A X (20 4
Sk TR ), B B 43 A 5 R T TR 2453 A1 % DT AR
Ko FHHFAARE RS BIGE 09 (L 7(b) i
D Q) K& B WA 1= WA A X SR R
O3 A7 5 R 3 390 4N /km?, HH v — A i % B X
W 35 BT A3 AT o % X Oh BT A M 7 B A H
fib SR K R B S TR R SR AR Z B

B 2 B T R R R T R ) B 1 Bl R
B BT R 5 5 b AR 18] HE 51 04 14 P | X
S PR R IR Sy B0 R SR A T A R Y P
TAE . A R B A B
A BT B AR X (L 7 (b) i Sk @) & B
— ™ v R R M A A X, B KM M A A R i
5604~ /km”, 1% X 302 7Y 28 08 He A 55 B A4S % B dA
() 28 Fz 0 07, Ml O #3852 2% 2 M, 7 Vg P Ll -1 Ak
A LU BT 2 o M B T X, PR
b 5 Wt 241 B A e % B 340 A DX (BT 7(b)
Tk © . ©) , F KW I oA % BE 3R 2801 /km”,
2% W 47 2 T R e R b 2k i BT Bh W S 2 —
Py o2 b 2295 ke 2 R R, 1936 4F 6.8 94 B 4k
SRR . SR B LR S A AR XL
T TR, W 24 A R L A o R T B A AR X
Wi 2 B BT B IRAE M SRR AR 2 A A . b,
FET A R B A A6 (&L 7(b) i i Sk @) &
B — A e U W A A DX, e KT M A3 A
1 2604~ /km® . 1% X 35 b Ak 9 5 S EE 4 i DR
(18 3k Y b T O 2 8 TR AR s b TR SR
i 55 , Ve BRIk BE VA TR K MR B A L AE R
R LI B B A e B v 7 B 1 T 8 4 A X, (H AR
A T B B8 0 8 3 G A, B R 43 A % B A B
1224~ /km?”, PR I 7E Ji5 2652 TR IX R i Al 14 i 7 4
T R v 3k T 3 9 38 A X

&1 8 T 7 Sk InSAR HE 11 4 A~ B 038 35 1) ol
208 BRGSO B AR R /9 TR o I
P1~P4 15 2018-03-27—2023-12-26 gh 25 & 75 Wx ]
S5 1AW B T AR B R RO EIR M )
=8 A FRM 102°01754"E . 35°36"21"N, & 8(a) .
8(al) K&l 9(a) 43 il iz i ¥ 1Y Google Earth 5%
18 (2021 4F 2 H AR HC) AR 38798 7228 3 5 F1 i a]
B, WA K25 1.93 km, 952 1.03 km, JE2#
T 8% AR e s L Rl U A TS S BE RO AT
U, Ry F R A KRR . InSAR 4R
R AR R AR S % 5 I e KB &
ATE G %, 2018 4 3 A & 2023 47 12 A M AR
FHR—62mm/a, REUEE R — 112 mm, 27 W
(E19(a)) R & IZ B AFEMEIE 25 5 B H
R T g BB M B S R B T S e
(%4 R SE R e T RS ST AR WL, 5 24
WAL T 5 WA RFLE A bR T 101°56 748" E.
35°55"27"N, & 8(b) .8(b1) K &l 9(b) 43 51l Ay 12 ¥ B¢
) Google Earth 5 1% (2020 4F 4 H 3K H) AF 1
TE 75 T RN I 6] 7 41 o % B AR K 24 3.65 km,



306

BOBR 22 4 (fF BB 2 O

202542 H

102°00'E

102°30'E

36°00'N

35°30'N

f g

—g

36°00'N

35°30'N

102°00'E

I B R i o5 e
(a) W A1 H B

103°00'E 103°30'E

'et:g ;

103°30'E

102°30'E . 103°00'E
(b) HLH A /(K )
O ol 20km A g £ MR — R g

7
Fig. 7

F& 29 2.61 km, G 2E 52 R b SR A 4 i i B
A FEBERA] UL R S5 R . B KB IE
TEM P AR 22, 427 BB A2 38 R — 94 mm/a, 7
InSAR WL 39 1] DL VRO A2 oy £, RFE R
—318 mm. X PR b KSR A AR A
o A O R BN K B U 3 28R P B A
55 3 M AL TR AL IO IR BB A A
PR 102°087 22"E . 35°50 57" N, # 8(c) .8(cl) M
9 (c) T 7R 43 9l A iZ 1 3 B9 Google Earth 5% 1%

InSAR R 203 3 7341 4 P R 52 [
Inventory Map and Distribution Density Map of Active Landslides Detected by InNSAR Deformation

(2022 4F 12 3RO VA7 B8 48 3 % F0 i [a] )3
G o 8GRI R MR — A R A, 4
K25 1.92 km, it K 5 8 400 m, 35 39 J5 S K 2% i
NERTIBUE S s T W A N2 S S =
B U R B B, i KARF IR AR R
— 112 mm/a, BRUELAE R — 509 mm, ¥ 3 14 o B
T T TR LR Ty 18 Bl die RAR T B AR
RN 64 mm/a. B GEAR LI YR OE R T GE
BORBRAE R R RA M 2h 5 T I B T



50 F5 2

XN BEASEE 3L F InSAR B AR B9 H R B 1152 X6 3 3 3R 500 5 3 2598 28 W il 307

[EEEETET

mm-a')

-100  -50 0

50 100

K18  InSARIRI M 44~ T4 37 1) O 2% 18 3% 14 (Google Earth)(a-d) M M 3R B A2 4 2R (al-d1)
Fig. 8 Optical Remote Sensing Images (Google Earth) (a-d) and Deformation Rates (al-d1)
of Four Exemplary Landslides Mapped by INSAR

0 (@) P1

0

(b) P2

|
w
(=

My s
wn O
oSO

L

ZATEAE /mm
|
[3*]

)
[V =1
SO

‘\‘\~

=300

©P3

0\
-100 N,

\57200

5

N =300
= gy,

=
=

&k 400

N

=500

2018-02-27 2020-02-27

(B2

2022-02-27

-350
240 { (d)y P4

200
g

g 160} )
£ /’
B 120

B /
= 80

5 Y

40 /"o‘.
0
2018-02-27

2020-02-27
H 3

2022-02-27

K9 Pl~P4 B Sentinel-1 5242 B 28 15 6] )7 5
Fig.9 Time Series of Deformation at Points P1-P4 Calculated with the Descending Sentinel-1 Images

HEKEE AR R FE RSN 4 T H AR, 4NN
P 457 1 A A TR O AR N 2 ARAR
102°41'50"E.35°20" 38" N, &1 8(d) .8(d1) f & 9(d)
FIE 7R 43 5 R % W 9 1Y Google Earth 52 1% (2020 4F
5 H FREL) AR B8 A8 ol AR RN ] 7y 51, [R) R
B BRG] DU BZ M B e — A R AL
Yo, A K2 3.75 km, e K98 B 500 mo Fg KA
& A ARG S, 3 TN B R g SR Bl i
LG W, AT IR AR AR 94 mm/a, RBUEAEH
221 mm, R B AL IR B — DR A%
T UG AR TR R A R AR T OB B UM R

JER) 24

4 g

4.1 EFNBIE T E D T

g i — 25 4 75 BRI T Bl i B A5 ) AT R
fiE AR SCE B A0 B T WM A A0 A SR e AR
e BE AT G B R I B O &R L A 10 TR o B
T T Bl W 24 R HL BT X S R T B A A A
FRBERE 5 0E B BE D B B E M 2% AE R
ER N 5 R A R Fa s 2l AR 4l BIF 55 DX S ABE 10



308

ROBK 2 4 (fF B A D

202542 H

Pz op X B FE W R BE S oh[0,2) [2,4) . [4,
6).[6,8).[8,10).[10,12) km & JLAZE 4% , i &l
10Ca) 7R o AN 10Ca) AT LA 2], 1 3 4 A 19 4L
et i 5 I DT 2 P A 1 0 T UL, B RS T2 2~4 km
0 B PN T o A B B £ L 3R B 337 A T B
Z A P e B BT JZ IR 25/ T 22 ke WSS LY, i )
SVBCHE 1 8406, T FE BT 2 BE B K T 22 km 1135 [l
N, 3% B 9 3 A A B R B Y 16 %6, AR A
TFTWWH LT . BFIE X B 378 5 5 AR LMK,
B F AR 4 312 m, AR 1 700 mo AR 4R A 5
DX BRME B, AR SCOKE b 22 55 B2 44 200 m [R] #E 2E 47 )
gy, WNEL10(h) BT o e e B30T 19 T 38 40 A oy B
TE AR /N T 2 000 m M 2 600~2800 m i Fl 1Y, 76
B o5 290 45 2624, 40 5l b BECE Y
14% 513% . ERE/NT 2 000 m 8 &R 4> X 8 1F 4
Pl R T A ) B R A A e N i = A 1
3 600 m Ay X Il B A A B A D B
WY 2350 TR B U RN T 4 A
DAL Jb JHE Ay 52 e RS MR ) R R B
T T B R T R BRI . AR SORE B R 4
[0°,5°).[5°,10°).[10°,15°) .[15°,20") .[ 20°,25)
LA 9, B 10(c) RO T AN TR 3 B 4 9 1 1Y
WA, v LLE B, e e B i o A B
FE 25°~35 M X i), 5 S 1 30 %6, H A 0°~35°

DR Y i 73 A1 B B3 il 2 30k 52 ) 9 KT 48
o AIF 5T DX I8 R AR O BT L5 A 5T X
B, K ER . B 10(d) R T BRI AN [
P ) 9T 3 o0 A, T LR T A A 5
U B A D) AR OGP R T A L T
e o A K B 22 T B R 9 39 0 A
D e M A4 3 20 A B A BT RN T
4 ke B A o SRR 2100 it R UL R
DL R A ok R a2 DX R R
BIREIE o PR BT IE XSO0 A1 A 22 5% 8 B
I W B AR TR SR 2 B R X
A8 T L A AT, A SCE f e T LA
IS AN ) B D ) T B 0 A, W 10 Ce) ik o Al
VAt 0 39 o3 A K50k Bt 45 B 2 5 0 ) 98 o v
2 A, W 3 2 A b A B TE B /N T 10 km
BN, BB 74— E R E Bl
UEH T N2 B9 05 20 X2 X0 3 R A AR R
LTI g I S5 SRITBY 0P & A L P N 7 )
MU 22 52, 50 B 2R T R R AR T 2l BEH
Ko FE10CH 7S T BT 3l 3 35 A6 A 5] 35 16) 19
TR AT RHE AT A B e R A 3 30 A BT
b ARAE A 3 b, o SRR R 4700, B
JE HT Tk B e 2 8 R RO ) 2 2R 5 A
XA BE v, B 5 22 W

450 @ 350 (b)
400 300
<300 <250
I# 250 18 200
200 150
150 2100
100 L
0 0
TR QDN D S >
PRV S L PP S PP P F P I L E S ¥ Yo%)
\\\\@\QQ&'{O&(\?Q’"«T:\‘?"%” 0" %" T A W o7 o F A W o7 %qbgq
LIIIQIYL L Q INENEVEVAVENVAVECEURCE GRS
YL = M = S B =] 2 X
- TR R W7 R PR B /km =FE/10° m 3 ﬁﬂ%ﬁﬁ}ﬁzoN
(d) 450 @© dibt/% éf)
200 g NW N
% m% 350 -
g 1300
150
ﬁ § 250 4
=100 200 w E
g 2150
50 100
50
0 0
NI AR N I A TR A D LA T T I A TN SW SE
FELETITIENTLDE  IASESIRLE IR
IITYIIITTIEELYG LIIIIZTLILEY S
VAT AL B S km T TE R S km

4.2

A 3t X R TR T
K FH82.3 It iR J3 51 InSAR J5 125 X #4114 17

B 10 W3 oA S5 W2 () R RE (b) 3 (o) T L (d) 3 15 (e) B 3 1l (DAY ¢ R
Fig. 10 Relationship Between the Landslide Distribution and the Fault (a), Elevation (b),
Slope Angle (c), River (d), Road (e) and Slope Aspect (f)

S BIT R T S AL A W, K BB A L R i
JE P R BT DX IR 9 A 9 S5 A BT e



50 F5 2

XNBGEAN G BT InSAR H AR HON B 152 X35 3 8 U 5 3 25 T8 742 e 309

AR T e HCH: H A SR (1% 1 ke IR A 9 LA
L, 52 0T 8 30 A8 T 5 T
4.2.1 MIBATE R

AR R T Y A7 T H R A L B 2 bk
AT, B R R 5.84 km, BB ALUA 1L B 6K 4.92 km,
11(a) T 7 A PR A 1 3% B9 Google Earth #214
(20214F- 9 HARHO) , i WK 29 630 m, 5529 610 m.,
MR AT A T T AR, S309 48 T 7E i 4l ik
T AR, — T 2L N R B AT 2 . SR
B Sentinel-1 5218 3K B T 1% 18 3 /& 2018-03-27—
2023-12-26 1) 1 32 I 728 3 28 K B [6] )5 41, 43 51 n
K 11(b) 11(e) fin . InSAR i A8 3 R 45
M PR AR AR KA T | e KAF T A8 3 3k

102°49'48"E

102°50'06"E 102°50"24"E 102°49'48"E

35°44'42"N

35°44'24"N

102°50'06"E

STa

—40 20 0 20 40 60 ;=

2 61 mm/a, i KASIE 5 BLAE 18 33 44 i) o 3 K i
Z . B 11Ce) iR i) T8 48 i (8] )5 51 46 7~ 1% 18
AR TE 2018 4 3 A % 2023 4F 12 A ] ] ¢ 3 1 1
AR LM AR T R AE , HEAE 2019-07-20 % 4% H 3
— YK B S AE 2023-10-03 1 728 7 — Uk H BN
L, FEUAT L b R i B2 M AR T S B i
B AIE InNSAR JE AR W 45 5 (4 v] SE v AR SCak AT
T AN T PR AT, 225 2 R RS IR I ARk
— AN S A AR AR R SR A B L M R
TSI AR b Hb T G AT T R A
KI11Ce) (11(d) B, S 25 38 I 7 o 33 1R 1 7% 30
PE o 5 SN X I M AR Y AR T T R R AR W,
HLAET 2, B it 3 4 2 T 3 1) A8 T T A RRAE

102°50"24"

400

(e)
3501

300}
£ 250}
%\( 200}
X 150}
B8 100}

s0f

2019-07-20 ’/
&
w.

et ‘ I 2023-12-18
| FAVSRITE: A=A )

2018-02-27 2019-02-27 2020-02-27 2021-02-27 2022-02-27 2023-02-27

H

B 11 MR 3% Google Earth 814 (a) AR 3T 748 3 3 (b) L3 BRUA (¢ «d) BB AZ I 11 ) 31 (e)
Fig. 11 Google Earth Image (a), Annual Average Deformation Rate (b), Scene Photos (c¢,d) and

Deformation Time Series (e) of the Linbiancun Landslide

4.2.2 ARG KEE S

FEA e 7K T2 3 3 0 F 75 8 48 10 Ak B 19 T K
S M AL FA WK R A R B B R D 23 km,
12 (a) i 7 SRy A e 7K J2E 3 3 19 Google Earth 5%
18 (2019 4F 8 HARHO) , W A T — = BERMIE
A b Bl T s A 2 340 m, Ak RS AR A ik 7K
PERRE 1 840 m JERE T 500 m BYARXT 525 . AR 12
(a) v a] LA 3], W B 0E N J7 40 A A R i A I
S201 [ , Y ik b A — 5 /NS B W
Ja G BER M 2 W B 12(b) (12(¢) fr s Ak

FH % %L Sentinel-1 5218 3155 3K 45 19 2018-03-27—
2023-12-26 (1) 1 F B A8 3 58 K B 8] )37 51, DA o
AL B, I AR I R AR IR AR % — 53 mm/ a,
2018-03-27—2023-12-14 Wi [a] , 5 3% Ik £ 2 A&
PEIG AR S 3, A I b AR 1 O B T 3 3 em
IR AR Y . i — Bk AR R RS S H
Fe st N J7 A S L B AR S A R 1Y) 22 4 R AR
A7 LK R TE B ds 8 TR I A R 252 B A R O W T
SRl b XA I A AT XURS: EA kA AR
HEAERE



310 R 2 (B2 1)

202542 H

102°34'30"E 102°35'00"E 102°35'30"E

35°50'00"N

35°49'30"N

S TEAR K /(mmea )
—_—————a
40 -20 0 20 40

102°34'30"E

102°35'00"E 102°35'30"E

35°50'00"N

35°49'30"N

0
-50 ..‘\
%

-100

2023-12-18

BUEAS /mm

BNl Fybth 2
FA R

T onp !
-150
N -200
' ]
|

B -250
=300 -
-350

c
00 :
2018-02-27 2019-02-27 2020-02-27 2021-02-27 2022-02-27 2023-02-27
39
12 BUABIK R I Google Earth #24% (a) AEF- 3 JE 48 0 4% (b) K A 8] )3 51 (c)
Fig. 12 Google Earth Image (a), Annual Average Deformation Rate (b) and
Time Series (c) of the Jishixia Reservoir Landslide
5 % iE B H

A SR X R L AR KT Bl 3 0 A U K
2 GT e 3 A8 T 5 W) AR DG B 5 45 A 1 ) L 4 ST
THE TR AE ) 0 sh i Bk A s AR O i
J¥ 5T InSAR ¥ 3% 3 &8 8 A48 W0 Jy 1%, ok 2017
4E 3 A & 2023412 A /Y 341 5 7315 B L Senti-
nel-1 AR AR B T 7% v 70 km 385 [ P4 14 M 36 2 48
TR [E] PP 4, O 2R T I Sl 4 A g R
s R R T 2023-12-28 B4 L M RE T B
ASTE A S0 . AR (4 S AT R AT

DS54 TF BB InSAR A A 46 3 3R M5
TEAE R IR T A FERFSE X R 2 0214
T B B UE R B 6 A i A A X
B L B R R IR o A ETE AR
T DX I K AV 2% 3 0 0 B o0 A L 3K B 1224 /km®,
LAE ST R T Ry 7B X 5 TR AR R 2 A

2) M I e or A 5 W L m R B R
TH % N Wi 1w B4 AH S 0 BT e s Al i 0 B M R
e BE K3 ) 5 9 Bl g DR SR 0 5 DK 3 1 2
B R TR G 0 b T S b b A A% A R I Y
R Ak e NS AR I Bl A AR D T 3
ey A2 TE W I, A2 T R X U R 2 B
JEVR A HER) L

3) R 1 by = 3 A RE T R S i XS S 3
T Y AR TR BT S R R R DX A
filt 15 it 1K P Y & A ds T T R SN X X
SR AR Y W BT R R S B AR AR W, O — T
T O N I R AT DA, A 3R 5 2 AR 3 Sl R A
B A= i W 7= 4 2

Bt RO R = 18] By - 4% 49 Sentinel-1 SAR
FAR A 30 m = 18] 4 PFF 09 DEM &3 5 A B H R 4
WH R F AR A ) BB B A & R E



5 50 45 2 ) XNBGEAN G BT InSAR H AR HON B 152 X35 3 8 U 5 3 25 T8 742 e 311

[2]

[3]

[4]

[6]

2 % X #
TR, AU, TR, A MR U

KRR CRHE 5 R PLE LT
2023, 45(8): 1543-1554.

WANG Lanmin, CHAI Shaofeng, BO Jingshan, et
al. Triggering Types, Characteristics and Disaster
Chi-

HE LM,

Mechanism of Seismic Loess Landslides [J].
nese Journal of Geotechnical Engineering, 2023, 45
(8): 1543-1554.

Vo, R, EM, G HORFA I Ms 6. 2
R b T ] % A R B - V0 U R AE 5 R PR L
HLT] RDOR 2224 (fF B A2 ) , 2024, DOI:
10. 13203/j. whugis20240007.

XU Qiang, PENG Dalei, FAN Xuanmei, et al.
Preliminary Study on the Characteristics and Initia-
tion Mechanism of Zhongchuan Town Flowslide
Triggered by the Ms 6.2 Jishishan Earthquake in
Gansu Provincel[J]. Geomatics and Information Sci-
ence of Wuhan University, 2024, DOI: 10. 13203/
j. whugis20240007.

FAN X M, SCARINGI G, KORUP O, et al.

Earthquake-Induced Chains of Geologic Hazards:

Patterns, Mechanisms, and Impacts[J]. Reviews of

Geophysics, 2019, 57(2): 421-503.

THRTE, VR b, BRIGER] . A I R 4 AR R R A
PEAG B AR X He - DL 20224F 6 H 1 H Mw 5.8 74
1 M5 S ) [T]. MR 5T, 2023, 45(4) @ 896-
913.

MA Siyuan, XU Chong, CHEN Xiaoli. Compari-
son of the Effects of Earthquake-Triggered Land-
slide Emergency Hazard Assessment Models: A
Case Study of the Lushan Earthquake with Mw 5.8
on June 1, 2022 [J].
2023, 45(4): 896-913.
Eor SR, B S R ARG I Ms 6. 24 5%
14 [7) 752 b 57 9 3 B A e ik K KU By 4 e il [T ], o
] 57K 5 B IR 2, 2024,35(3) : 108-118.
WANG Lichao, HOU Shengshan, Dong Ying, et
al. Basic Characteristics of Coseismic Geological
Ha-zards Induced by Ms 6.2 Jishishan Earthquake
and Suggestions for Their Risk Control[J]. The Chi-
nese Journal of Geological Hazard and Control,
2024,35(3): 108-118.

Wit A R, % . 2023 4F HORBUA I Ms 6. 2
2 [ 72 9 RIS SR A A0 BB 0 R TR S R i R
RAPFE[T]. DK 2 4 (7 R ), 2024,
DOI: 10. 13203/J. whugis20230497.

CHEN Bo, SONG Chuang, CHEN Yi, et al.

Seismology and Geology,

Emergency Identification and Influencing Factor

[7]

[9]

[10]

[11]

[12]

[13]

[14]

Analysis of Coseismic Landslides and Building Da-
mages Induced by the 2023 Ms 6. 2 Jishishan (Gan-
su, China) Earthquake [J]. Geomatics and Informa-
tion Science of Wuhan University, 2024, DOI: 10.
13203/J. whugis20230497.

EONIR, VRO, BWIAR, . 2023 4F BT 1L Ms 6. 2
b 7 ] e by T3 R HE D AL M [T ] BB B R A o
e SRFHE M) L 2024, 51(1): 33-45.

LI Weile, XU Qiang, LI Yusen, et al. Preliminary
Analysis of the Coseismic Geohazards Induced by
the 2023 Ms 6. 2 Jishishan Earthquake [J]. Jowrnal
of Chengdu University of Technology (Science
&amp; Technology Edition), 2024, 51(1): 33-45.

JENT . BN Hb 752 X% W 3T 3 D8 A I 0 20 4 1
(10, %4, 2010, 28(3): 341-349.

TANG Chuan.

Rainfall Induced Landslides and Debris Flows in the

Activity Tendency Prediction of

Wenchuan Earthquake Areas[J]. Jowrnal of Moun-
tain Science, 2010, 28(3): 341-349.

O SC, SR, AR, S HIR AR Il Ms 6. 2 5%
X3 3 B e DX B AR TR 5 e 3 e [T ] iR 2 2 4l
(15 EOBL 22 R ) , 2024, DOIT: 10.13203/j. whu-
21s20230490.

HUANG Guanwen, JING Ce, LI Dongxu. et al.
Deformation Analysis of the Ms 6. 2 Jishishan Earth-
quake on the Landslide Hazard Areas[J]. Geomatics
and Information Science of Wuhan University,
2024, DOI: 10. 13203/j. whugis20230490.
HUSSAIN E, WRIGHT T J, WALTERS R J, et
al. Constant Strain Accumulation Rate Between Ma-
jor Earthquakes on the North Anatolian Fault [J].
Nature Communications, 2018, 9(1): 1392.
ELLIOTT J R, WALTERS R J, WRIGHT T 1J.
The Role of Space-Based Observation in Under-
standing and Responding to Active Tectonics and
Earthquakes[ﬂ. Nature Communications, 2016, 7:
13844.

WANG Y A, DONG J, ZHANG L, et al. Refined
InSAR Tropospheric Delay Correction for Wide-Area
Landslide Identification and Monitoring [J]. Remote
Sensing of Environment, 2022, 275: 113013.

LIU X J, ZHAO C Y, ZHANG Q, et al. Three-
Dimensional and Long-Term Landslide Displace-
ment Estimation by Fusing C— and L.-band SAR Ob-
servations: A Case Study in Gongjue County, Ti-
bet, China [J]. Remote Sensing of Environment,
2021, 267: 112745.

LIU X J, ZHAO C Y, ZHANG Q, et al. Deforma-
tion of the Baige Landslide, Tibet, China, Revealed
Through the Integration of Cross—Platform ALOS/



312

BOBR 2 (R

ISR Y

202542 H

[15]

PALSAR-1 and ALOS/PALSAR-2 SAR Observa-
tions [J]. Geophysical Research Letters, 2020, 47
(3):e2019G1.086142.

BB, XILEAS, By, . HON MBI &8
InSAR YU 5 I 5 R A X5 (1] ROUKR#%
W5 BB L 2019, 44(7): 996-1007.

ZHAO Chaoying, LIU Xiaojie, ZHANG Qin, et
al. Research on Loess Landslide Identification,
Monitoring and Failure Mode with InSAR Tech-
nique in Heifangtai, Gansu[J]. Geomatics and Infor-
mation Science of Wuhan University, 2019, 44(7) :
996-1007.

B P86, 2P, R . 20234F 12 7 18 H H M
BRI 6. 2 9 M e 19 1 Al T SRR LT]. MR
Flaf it J|g | 2024, 54(1): 86-93.

LU Shiming, WU Zhonghai, LI Zhichao. Seismic
Structure Characteristics of the 18 December 2023
M 6.2 Jishishan Earthquake, Gansu Province [J].
Progress in Earthquake Sciences, 2024, 54 (1) :
86-93.

R, AR AE T, HEAS, S hE LR R
5 528 bk R AR A OC RS LT]L MR b5
2014, 37(S1): 109-115.

LI Zhimin, LI Yanjing, TIAN Qinjian, et al. Study
on the Relationship Between the Ancient Earthquake
of Lajishan Fault and the Catastrophic Event of Lajia
Site[J]. Jowrnal of Seismological Research, 2014,
37(S1): 109-115.

PV VA S S S S 1 o APl
b 2 ZE Pt D S 0 ) 3k St kK R (T
o E B M ERELE, 2009, 39(8): 1148-1159.
WU Qinglong, ZHANG Peizhen, ZHANG Hui-

[19]

[21]

[23]

ping, et al. Weir Dam Break of Jishixia Ancient
Earthquake in the Upper Reaches of the Yellow River
and Abnormal Ancient Flood Disaster in Lajia Site
[T]. Science China Earth Sciences, 2009, 39(8) :
1148-1159.

GOLDSTEIN R M, WERNER C L.
ferogram Filtering for Geophysical Applications[J].
Geophysical Research Letters, 1998, 25(21) : 4035-
4038.

LIU XJ, ZHAO CY, YINY P, et al. Refined In-
SAR Method for Mapping and Classification of Ac-
tive Landslides in a High Mountain Region: Deqin

Radar Inter-

County, Southern Tibet Plateau, China[J]. Remote
Sensing of Environment, 2024, 304: 114030.

CAO Y M, HAMLING I, MASSEY C, et al.
Slow-Moving Landslides Triggered by the 2016 Mw
7.8 Kaikoura Earthquake, New Zealand: A New In-
SAR Phase - gradient Based Time -Series Approach
[J]. Geophysical Research Letters, 2023, 50 (4) :
€2022G1.102064.

HE KM, ZHANG X Y, REN S Q, etal. Deep Re-
sidual Learning for Image Recognition [C]//IEEE
Conference on Computer Vision and Pattern Recog-
nition, Las Vegas, USA, 2016.

CHEN L C, PAPANDREOU G, SCHROFF F,
et al. Rethinking Atrous Convolution for Semantic
Image Segmentation [EB/OL]. (2017-07-17).
https://arxiv. org/abs/1706. 05587v3.

WANG B H, ZHAO C Y, ZHANG Q, et al. Se-
quential Estimation of Dynamic Deformation Parame-
ters for SBAS-InSAR([J]. IEEE Geoscience and Re-
mote Sensing Letters, 2020, 17(6): 1017-1021.



