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Surface Deformation Monitoring and Analysis of Gansu Jishishan
M 6.2 Earthquake Based on InSAR Technology

WEI Yun-guang, LIU Guo-lin* , WANG Feng-yun, HE Hu-zhen
(College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590, China)

[ Abstract] On December 18, 2023, a M.6. 2 earthquake occurred in Jishishan County, Gansu Province, marking the largest earth-
quake recorded in the area since seismic observations began. To investigate the practical application of interferometry synthetic aperture
radar(InSAR) technology in monitoring surface deformation in Jishishan County and its surrounding areas before and after the earth-
quake, 13 C-band Sentinel-1A SAR images covering the earthquake event and study area were utilized. D-InSAR and SBAS-InSAR
techniques were employed to process the data, obtaining surface deformation information along the radar line of sight before and after
the earthquake, and a comparative analysis of the deformation rates before and after the event was conducted. The results show that the
monitoring results of the two techniques show a bulge phenomenon centered in Liugou Township ( the epicenter) , which gradually ex-
pands outward in an elliptical shape, and then evolves into irregular subsidence. The maximum line-in-line shape variables before and
after the earthquake are 41 mm and 16 mm, respectively. The overall deformation of the whole region after the earthquake is relatively
stable, which is consistent with the relevant data. The D-InSAR and SBAS-InSAR technologies can be used to monitor the long-term
surface deformation process and abnormal conditions before and after earthquakes, and provide effective support for quickly obtaining
the distribution range of coseismic geological disasters and guiding post-earthquake emergency rescue and post-disaster recovery
and reconstruction.
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Table 1 Mechanisms for the source of the Mg6. 2
Jishishan earthquake as published by different institutions
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wg ETEE e e ey iy
USGS  102.82°E, 35.74°N 10 333 62 88 5.9
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Fig. 1 The study area of the Jishishan earthquake
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Fig. 2 Flow of the D-InSAR technique
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Mtk . www. stae. com. cn



2025,25(13)

Bot, . 3T InSAR HARMHIREA 1L M6. 2 st rE i F AR Wi 5 7 Fr 5309

36°0'0"N

35°30'0"N

102°30'0"E

w A
A HIT
— ]
Cex

WFFEIX

24 km

103°0'0"E

K4 At s oA R X A

Fig. 4 The location and distribution of high-coherence points and of seismic regions

¢(2023 4E 10 H 27 H—11 A 8 H) .d (2023 4F 11
H 820 H) .e(2023 411 H20 H—12 H2 H) .f
(2023 4F 12 H 2—14 H) .g(2023 4F 12 H 14—26
H).

5 4 D-InSAR FRHUH) £ iF BOIE AR5 0, 4] 6
R BB AR

WHEE 5,A B .C X RS ZFE, (L H
B I AS S AL, 227067 F Ji BRI BR Y BB, PR 0 s )
W a b PRSI B, MR AR R T AHR T, K o
X346 THEFE 30 mm DL, FEARE TROE ; ¢ BT B,
A R, C R X0 BB 46 Tt 5 d B EE S
c IFBEMR , A FEIX H BB B4R 1, C 52 X 00 H 2R BH
TR o b 3R i KUK s A7 T DO, DL (A 15
-76 mm (% 3) ,B.D RXMXFAE , H R TR AL
T D8, LR IA - 38 mm(F3) se £ BITEL, B.D
P2 DX it B T B/ IN I BEFR T, AL C R RE X
H PR T BN R UL, DR R AE - 30 ~0 mm, H
W TE e B BEAIFGE X UTRE TR RLGE 2 801 km® (24 i i
IR IX IR 68. 91% ) ,7F I BEWFSY X 44 TF i Ak
2 168 km* (4 /5 MAWFSEIXAY 53.34% ) ;¢ BB, T
2023 4E 12 F 18 H 23.59 7EBUA I B & A iR | 7=
Ja BB LA £ (D1 ) b B R iE T
Froz B I 4, I LA RIR 3228 20 ) DU ) 9 1
Je AR A A S T T A 0 W X3 P 46 T
HEAE30 ~70 mm, HE 6(g) ATLLAH, A EXEH
i BT 70 ~ 160 mm, D 72 X /A F#45 X 5,

Z3HikE RIS - 130 ~ =70 mm,

25 FRT iR, B D-InSAR 5 A& i W i 21 (4 #F 5%
X LOS [n] #1 32 JE 22 {5 EL W] 1. D-InSAR K &
W) 52 b s £ (D) & 23R TR R R IX
s 7E bR & AR RS AR B R A b R Y
A a5 A C O RR X R 2 B e KR R T R R
TR EEFETE 5, ST A6 R R B+ T RN R B DLk
() AE AL G
3.1.2 D-InSAR 4 R 69 2 &5 e 47

AT W HB A AT R VR MR LOS [ AR I I K
ot A2 I HR R A T RRAE A T AR e A T
XFHC S 43T, 12 AN RRAE A0 45 i BB AR B A B A
3R,

ST 3 R, 12 ANERE S TE a b BN B,
WL A AR /N JEAE -9 ~ 32 mm, Fe KIEAE
ST D5 TE ¢ P, D1-D7 ¥k Ak R ITRE , T
JLFE ik - 28 ~ — 62 mm, D8-D12 4 B 36 T+ 31
% THEREIEL 6 ~59 mm; 7E d BB, T EURH B
H,D1-D7 B EAERTRL, T H A 15 ~ 52
mm,D8-D12 H ILULFEI G, VIFEIE A -4 ~ - 76
mm; 7 e BFEZ, D1 ~ D6 1 D9 ~ D12 HMILFEI S,
D7 D8 PG TS 7 £ BT BE, D1-D6 F1 D9 B
T4, D7 . D8 D11, D12 BT B4 78 o W)
Bt MUBRAT 12 A 18 A A B KT 41
mm (. F D1),B XA R AMEN 19 mm (7T
D8) ; C 7% XA 225 4 HL S s T g sk , e 32 S iy

Mtk . www. stae. com. cn



B A 5 T R

5310 Science Technology and Engineering

2025,25(13)

36°0'0"N

2 Z
> o
=3 (=3
< ,
el el
o o

102°40'0"E
(a)H BEa

102°40'0"E
() Beb

35°40'0"N

102°40'0"E
(o)l Bte

36°0'0"N

z & z
) ) )
g = 2
2 A i
102°40'0"E 102°40'0"E 102°40°0"E
(d)BEd (e)if Ete (DB BEf
& N
% A JEAS K/mm
g
© | T
g [
- 300
X e 650
z|8 = 3 [ RN
g
& e A AT AL - 70~110
o >
= 10 15 20 km

102°40'0"E
()R} Bre

K5 D-InSAR #% I B AL 4]
Fig. 5 The surface deformation of each period by the D-InSAR technique
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Table 3 Deformation values for each period on the 12 feature points

KB BIE AR B/ mm
W B

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 DI2
(a)10 H3—I15 H 24 19 19 15 32 23 25 15 29 23 31 -4
(b)10 A 15—27 H 7 3 12 6 8 6 -3 -8 -5 -2 -6 -9
(¢)10 H27 H—11 A8 H -58 -58  -61 -53 -62 -39  -28 22 59 32 11 6
(d)11 A 8—20 H 44 39 47 46 52 51 15 -38 -76 -4l -4 -22
(e)ll H20 H—12 A2 H -6 -4 -6 -7 -6 -7 4 6 -6 -6 -4 -1
(H12 A2—14 H -7 -8 -8 -10 -8 -9 6 5 -4 0 4 25
(g)12 H14—26 H 41 32 9 8 10 -13 -5 19 41 35 36 -4
(h)12 A26 H—&41 A7 H 4 3 2 5 4 3 0 -2 -1 0 -3
()1 H7—19 H -8 -6 -8 12  -16 -13 1 -1 -7 -7 - 11
()1 A19—31 B 3 3 4 5 5 4 6 7 4 4 -3
(k)L A31HE—2H 12 H 12 10 12 9 14 14 -4 -1 6 9 -5
()2 A 12—24 H -21 -14 -16 -15 -19 -22 4 3 -14 -16 - 24
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Table 4 The cumulative deformation values on the 12 feature points
HJE AR B
Y Bt R
D1 D2 D3 D4 D5 D6 D7 D8 D9 DIO DIl DI2
(a)10 A3—15 H 3 0 0 0 1 -6 -5 -9 -2 -3 1 6
(b)10 H3—27H -1 -6 -1 -2 -2 -8 -17 -16 1 -1 3 9
(c)IOA3H—11 H8H -5 -1 -2 -3 -4 -10  -20 -20 4 -1 1 4
(d)10 A3 H—I1 A20 H 1 -3 -2 -3 -2 -10 -30 -38 -1 -1 2 17
(e)I0A3H—I12 A2 H 8 5 -1 -1 2 -1 -26 -44 -3 -4 3 21
(H10 A3 B—12 A 14 B 18 12 0 2 2 -13 -26 -43 -3 -3 3 23
(g)I0 A3 H—12 H26 H 34 22 3 12 11 -16 -32 - 46 -2 -3 2 5
(10 A3 H—4E1 AT H 40 26 4 15 13 -16  -29  -40 0 -1 1 3
()10 H3 H—&4F1 H 19 H 39 26 5 15 12 -16  -19 -34 2 -2 1 6
(10 A3 H—k41 A31 H 41 27 6 14 11 -18 -26 -41 2 -1 2 6
(k)10 A3 H—&k4E2 A 12 H 42 29 6 12 11 -19  -30 -46 0 -1 2 9
()10 A3 H—k4E2 H24 H 43 33 7 14 8 -20 -20 -38 1 -5 1 14
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Fig. 9 The deformation velocity by two InSAR techniques
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