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Analysis of co—seismic displacement of the 2017 Pohang
earthquake and continuous subsidence using the PSInSAR
technique
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Table 1. Parameters used in StaMPS processing

Table 2. LOS vectors from ascending and descending PassS .coveeeeeeveeveeeeeneeneenseneennen.



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

1. An overview oOf the Study area.....cooooouiiiiiiiii s e 4
2. Geological map of the SE part of Korean peninsula
(modify from Choi et al, 2019) .eiiiiiiiiiiiieiiie e e 4
3. Four acquisition modes and its coverage area of Sentinel—1 satellite
B S A et e e e 6
4. Sentinel—1A mission coverage and repeat cycle (ESA) cooouoiiiieiiiiieiiies . 7
5. Sentinel—1 data used In thiS StUAY .cviii i 7
6. The TerraSAR—X and Tandem—X satellites are the twin satellites that fly
in formation (ESA) oot e 9
7. (a) GNSS Data Integration Center homepage, and (b)the locations of
available national ODSErvatories. ..oovooe oo 11
8. Data procesSSING flOWCHATT «uvvniie et e 14
9. POHG station GNSS data provided by KIGAM ......coooiiiiii e 20
10. (a)Northward, (b)eastward position with horizontal linear trend
1SS 0010174 Tc P TPORRRT 21
11. GNSS final post—processed data converted to (a)descending and
(b) ascending LOS dir€CtiONS ..uievievieiieiieieeiie e eiie ettt es e, 21
12. Sentinel—1 (a)descending and (b)ascending data used in CASE 1 ........... 23
13. (a)Descending, (b)ascending PSInSAR result from CASE 1, (c¢)descending
and (d)ascending DInSAR result from Song and Lee (2018) .ovievirienieninienaenaannnn, 24
14. CASE 1 PSInSAR results in (a)descending and (b)ascending........c.......... 25

15. PS time—series graph near the epicenter where upward displacement
ADDPEATEM ottt s 27
16. PS time—series graph in Yangdeok—dong where downward displacement

AD D AT A te ittt 29



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

17.

18.
19.
20.
21.
22.
23.
24.
25.

26.

Horizontal and vertical analysis result from CASE 1, the translucent

polygon represents the buffer Of PSS e

Peripheral view of the POHG 0DServatory .ouve e

Comparison between descending PSInSAR results and GNSS data............

Comparison between ascending PSInSAR results and GNSS data..............

Sentinel—1 (a)descending and (b)ascending data used in CASE 2 ............

(a) Descending and (b)ascending PSInSAR result from CASE 2 ................

CASE 2 PSInSAR results expanded to Yangdeok—dong ......ccvcoveevviivinninnnn.
PS time—series graph in Yangdeok—dong ......oouviiiiiiiiiiieieieeeeeeee
Horizontal and vertical analysis result from CASEZ2, the translucent
polygon represents the buffer Of PSS e e
(a) Past optical image, (b)recent optical image, (c)descending and

(d) ascending PSInSAR results for Yangdeok—dong .......oeeveeeeeoeeeeeeeeeeaann...



I A =

EHE R Mw) 549 EFAZE 2017 11€ 15U shitx Faiol fxg &

52 e X% FalgelA WA o= k= AVIAXN #Fold FH
T oatRe] AFlew, AFop Ad FEMw 5.8)¢ 20161d 4
T oF 1drbe] REAIMTH(Z)AA, 2018). HE3H 20160 AFAAY PAdol= oF 14
km $GE ¥k, xR e Aol oF 4 km=E FoF o R ol sk Xz A A}
d 2 AAEEA o] ASH 7T AT (Kim et al, 2018; Lee and Chang, 2019; Choi
et al., 2018, Baek et al., 2018).
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Z g}, o]o thal, Vadivel and Kim (2022) o+ A AY InSAR 71¥] = &}
1}<l Small Baseline Subset(SBAS) 7|¥< o] €3] 2015dFE 2021@7FA] ¥ &A]
Aol o] A HoA LA ANt sl S A5, ANk ddo] xd A
A olHAEE A FHEolE Zlo] flE . ARbHete] o v = wA wiRA o
A gk Hsl, A Aol gk Hal sol AREHAoH AA7A] PET Al
glu#] ekgkt.

Interferometric SAR(InSAR) 7]H& o] &3k W
TheFgE okl Aol A o] &5 Qli, I 5 Yo DInSARYAM= o]&ste] dev|
Bl @919 #2 ¥k #5% F e AAY InSAR 71 dF<Ql PSInSAR 7]
2> 717k AR A x WY #AFo g o]€¥H 3 U (Liu et al, 2021; Hooper et
al., 2004; Moon et al., 2022; Han and Lee, 2011).
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Google Earth Q
400 km g

Fig. 1. An overview of the Study area

The blue(descending) and red(ascending) square indicate image frame of used Sentinel—1
satellite data. Yellow star indicates location of the 2017 Pohang earthquake.
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Fig. 2. Geological map of the SE part of Korean peninsula (modify from Choi et al., 2019)



[II. d7+&=

2 AFoNM =, 2F8A A YElY ABHAE AAEHASEH] f& 2016@ 3EH
B 20184 11€7FA %] C—band SAR $4 < Sentinel—19 A& (Ascending) % 3
& (Descending) A= AF=.9} Copernicus 30 m DEM, POHG #=4 GNSS A5 E o

g3reieh

Of
—_— -

1. Sentinel—1

o

F g (European Union; UN) & X735 X2 A E O] U319l Copernicus X271
A JAFALS o] &3t AFHF A dF AasE &3t X Au|AE AFsta

Atk ¥ AF 7 2 s, 9= (European Space Agency; ESA), 7
A

.

2] A 727 (European Organisation for the Exploitation of Meteorological
Satellites; EUMETSAT), ¥ %7192 A (European Centre for Medium—Range
Weather Forecasts; ECMWEF), Mercator Océan 5©°] @23l =33 ot o
JdEd, AN w0 #® &S dHelrk FEE AedHr o
(https://www.copernicus.eu/en/about—copernicus).

Copernicus 2739 A3 07 Sentinel—-1 AF= AFH=L BFRog FAF
94 5405 GHzel C-band SAR Alxdlo] ®Al¥ F 4019 914 (Sentinel—
1A/B/C/D) .2 FAFS Qlom HAA7A] Sentinel—-1A YA} Sentinel—-1B YA
o] Z+z} 20143} 20169 HALE o] &g EH gkt (Torres et al., 2012). Sentinel—
1B §142 71=4Ql ooz <ld] 2021 12¢¥€ LdF7F 5%, Sentinel-1A
AL om] 7de] A FHE 2HPAR sl EA7F §lo] A 717te] A o

12t} (Lang and Praks, 2022). ¢t © 2 Sentinel—1C ¢
A aabzh 20239 ol H o] 9lem Sentinel-1D 914 Al 2024 AabEte]

A7 <F 700 km 99 EHSFET7IAEAY Sentinel-1 fIAS 1299 HEE F7)

(Repeat cycle) = zt1 glom =o A reAHAy ok 250 kme HE 37 o o



1 A A5 fEstthe S 2=t (Geudtner and Torres,

2 32 Sentinel—1 97439 4714 54 EXof thst Ay nto wE 3%

S 9s YEaL, 19 4% Sentinel-1 9149 #5 93 W #7715 dEpdth

[\
()
—
)
~
I

Fig. 3. Four acquisition modes and its coverage area of Sentinel—1 satellite (ESA)



Sentinel-1A Mission Observation Scenario:
Repeat & Coverage Frequency
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o ATeM s, 2FAY dErd Xx WHE AAGHSE] Sl 2016

3 EFE 2018 W 11 &7bA ¢ thgt Sentinel—1 142 IW (Interferometric Wide—
swath) REZ 58 AE A% A5 47 F 3 A% A= 152 F(76%2)°]
AREEITH(ZE 5). olw, st 7 P ZH Y
7R el f1A 7] wiEel dESE 7o ZEde FdE EF AR A
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ML 71z Az dd A 7 12 e FT 24 e Ve E ol
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2. Copernicus DEM

Copernicus DEM (Digital Elevation Model) & A& 4 FFxE& 24 58 X33 %
T ¥HES yERA Digital Surface Model(DSM) 2.2 TerraSAR—X9 Tandem-—
X(TerraSAR—X add—on for Digital Elevation Measurement) A4 ° % & 53t 2010
HEE 20159 7HA9 dHeolgE VHto® AFEHAY A &F3FF4E (DLR) 9
SAR 94<Ql TerraSAR—X2} TanDEM—-X A &2 7]sFsr4 A9 SAR H
olelE At flgk Fso] s 747t 20109 62 21<d, 20079 69 1569 &
AbE o] ¢k 300 ~ 500 m®] 7|49 AE Fa Hn|d sie HolEE A 7
Aol FAE T 34 9.6 GHzY X—band SAR A|AHS o] &35te] e 94
of| A wpolaZIE FAEA, T ARE ASE T A CA FAE= vlol AE Y
(Bistatic) #loltlZ 5= At (Krieger et al, 2013). o]EA AoAX FHE= A3
Ay 7] adE E dIEFglel M gt 1% G gd R F50] s
sttt 20199 12€ &4
DEM<E F7/03f =

v

12

Fig. 6. The TerraSAR—X and Tandem—X satellites are the twin satellites that fly in formation
(ESA)



3. POHG GNSS #54 497 A=

GNSS (Global Navigation Satellite System) = A S ZHE $A1H A5 E XA F4l
7ol At IAAGRE AAste AAFHOZ, Alfbe] wE FAV|9] YXAHRE o] &
d A5 ol WY} 5 T AT = vk A = GNSS #52 ARE FE

< Fo17] A&l =u 8 VR (FEAYZEY, FHASSATEY, s dEdT
MEEHA], a2 AzddTd, LX FHAEATY, 771840 41E, ST 3H4lE) o]
A5 doF= ®aL GNSS dHlolE] F&AA4 7FA2 &3 GNSS HolHE &
e AA®EE FESE doh@a¥® 7). GNSS dHelH  FEAE
(https://www.gnssdata.or.kr/) oA A& += AH|AZE F2 87 7|# A HASFA
of ARG AR A%, FAV] T/ 59 AAHS524 kel tEo GNSS AAIZE to]
B (RTCM) % 42 do]e (RINEX), dlo|g #4 Jr Fo] 9t}

Aot FHAAAAATA LGAAAAAFATAE o] 9158 POHG 3
54 20169 12€ 19¢9FH 20199 8€¥ 1347kx]¢] GNSS A7t A5 & AFEHoH, 3
g AR ABEL olHY AR FAHOT AFHA Fob WEY eFow FTA
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@ GNSS 50/ BN ABSATU (ROJELMB(A wNog

SAIZ HOE] (RTCM) AfHA R242] dojEf (RINEX) Aft|A molef @A

. 5 v o8 0

Fig. 7. (a) GNSS Data Integration Center homepage, and (b)the locations of available national
observatories.
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IV. 494

1. DInSAR

SAR (Synthetic Aperture Radar) & *]74e] BRI CZ & wlo]| 237} HEALE O =

otet AEE ol ARYRE Y5 WO, $EY AN vl ARRE A}
§317] We] g ACLt sk Hgle] AW PHSo| At FHL 2

t}(Ferretti et al, 2007). SAR 7H4 711 (Interferometric SAR; InSAR) & o3t F+
SAR AH7Ee] B 224 A4 (complex correlation coefficient) & o] £3F= "W ot}
(Lee, 2001). SAR HA71"HE &3] WA= M % (interferogram) o4 €2 (phase)

JRE olgakd AY PR T T I ol BYH W) ZHo] AFssir.

H
O % AeR aw A B

!
-z
4
>
)
A
ot
td
e
S
2.
=
=N
s
@)

<

aQ

=g
o

=}

=
o

(@R
o

DEM) && aLkell 9% 91do] & yehvs & v MEE 2heshe 2Rei7]

H (Differential InSAR; DInSAR)S %3l #AlAs AE WY e F=°] 7lsshth
(Han and Lee, 2011). SAR H71Hl& o] &3S u A= M= 9743k

Ap = ¢def+¢a+¢orb+¢6+n (1)
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2. PSInSAR

YUEZM= s7hE = sde] 7Iztel A3 -] SAR o|vAE
7

=S AL, olF ol &8 AZtel whE A4 914 Akole] Ae

AAY InSAR 7] & 3l PSInSAR (Persistent Scatterer InSAR) 72 o] &
SAR olv|A & AREslo] shute] miAE e VIFoR obe AAYE (MHEE A,
Alzrol Au ] #lojr] RRAREo] il HF ARl A W =AI] agAA]
(Persistent Scatterer; PS) 2] AJtell wE A WIS FA3t= 7IHolth Ferretti et
al.(2001) o o3 A& #AIgke PSInSAR 719 wgEA= 2 dEolv wzt 2
& JAEFTxzEolvt el FAHY] wite] oled mAATRAS] WUt H& A9 W

>,

(Amplitude dispersion)< ¢/ xF=H=Fe}e] AA7 A=A LE AX]3| PSE AAsI=
ol 3ol AxEo]l =%d ¥k, w3 SNRO A f-ol= A%

stability) AFele] #AZF 714 a3AolA] ek Zlo] . webs, WFHZ9o] HA
S Z9 HapoE Ui IFEAA S (Amplitude Dispersion Index) & 3178 AFgkA] 2
AR7IEe R A Algtel wE o] bgAdel et A% (Threshold) 02 ARg-af
St} o], Hooper et al (2004) olX = F714 02 Z7]o] AAQE PSE Alole &4

:
Mg Abgetel A QA et Aol B FAS AMsti, tre AFE B

1= S =

.

z
2
M

g 42 Ay dAE HEste] 7]£9¢ DInSAR
olsk 9AF, ¥Ass DEMO® WA= 230

W9l w59 PAE W FULE FYAA

L

A

EFAA AALD AxWIAE #5371 fl@ Hooperell 3] 7t
StaMPS #l|7] 4 o] g-3lo] PSInSAR 71"S Salatict,

e
rO
-
=2
2
rir
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3. SNAP AXE¢]o]9} StaMPS H7|X & o] L3 A<

2 A= AEHAEA S A&l AFEE PSInSAR 71H& 7dst7] @A 9
-F=-(European Space Agency; ESA) A A|&3F= SNAP(SentiNel Application
Platform) A E$o{9l StaMPS (Stanford Method for Persistent Scatterers) 7]
AE Agstedn,

SNAP &YX EgolE o] &3] o8 F SAR Y4ES stHe] Master dated ZHe
o121 42 DInSAR 9Ato] =Hd &y o Aew Axgsy, Linux SH0d T8
+ StaMPS H7|1AE 83 HFHozE xIA G gt AAL HE =&t
(2% 8).

mlo

Sentinel-1 SNAP StaMPS
Copernicus 30 m .
Global DEM SAR images

-App]}' Ol:b it | ;gnriuel-l _ Stacked
informations orbit information —t DInSAR data

TOPSAR-Split [« Select Polarizations, \—'{_\

Subswath & Bursts

+ PS selection
InSAR stack || Optimal InSAR ¥
overview Master Selection DEM error
v correction
«| Back geocoding +
- (Stack) Phase
v Unwrapping
Deburst & subset . + -
Estimate spatially
v correlated error

»| Interferogram

v

StaMPS-Export

Fig. 8. Data processing flowchart
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WA, AAHe HFAHOZF SNAP A2 EH o] Apply—orbit—file operator@ <15-¢]
AL E = ZH2E9] Sentinel—1 SLC(Single Look Complex) A=< s 94 A=A

= sentinel precise orbit®. 2 dUo]Esdtoe] A% Arg] #E o] AFA S =Jr)
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‘scla_deramp’S ‘y’® AAsA 7} 7P T s 9 AxTE =AHsty GAF A
oA A odE 9 HEE wFo] XAl AEE #S5eted sttt
‘unwrap_gold_n_win’< Goldstein ¥ &8 Z#(window)% 7], ‘unwrap_grid_size’+
2 M E% (Resampling) ¥l= 2829 A& 9wlstal, ‘unwrap_time_win’s A& 9
ZF 1y HAol A (pair) ol thst A He HEE FE8] 918 A% (smoothing)

ARIRA S ehit,

X
1o
e
(SR
4o

Table 1. Changed parameters in StaMPS processing

Parameter Default | This study
scla_deramp’ ‘n’ v’
‘unwrap_gold_n_win’ 32 8
‘unwrap_grid_size’ 200 10
‘unwrap_time_win’ 730 24
‘scn_time_win’ 365 50
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4. %% 3 3F A% PSInSAR ZHE |83 A 8 & 3 4% 24

FF B AR PSInSAR A¥eld Aol WHE ks AHol Mz vE A
T ko ro FAQlo] gty AdE 4 Qla, ojwje] Ax WHAE % 9 734
AEoE el WA I Arle oS AAleA #A4E ¢ Ao 54 ARe
HAE 7% 2 74 AR 24AF dUm oW, 7 oARCdAEY PS A7F Agst

A kA 7] wol 2 PS =HE G oje] el thafiA] HIPHe dF<
A8 7FEH (Inverse Distance Weighting; IDW) & Fa =&3F3uh. oW, =
Ashge JFRE BolV]l 3 4F L HYAE Ao 7 PS EAERRE
ddAE o9 buffer & AAsta, 4F 2D &AL A3 buffer Yo A=
WAE = FE s A =&

AxelA $149e wiEtRE LOS Wake] wadE [ o3 2 2 7 o

dojet

= (sin@ cos@,—sin @ sinp, — cos H) (2)

incidence angle from the ellipsoid’E 2v|slal, ¢ &= A APwrste] W9 z+S

SERIES

Wb, A FoA] oAHIsgrogm o] 9f AMsF W Fd AL ASLE uHIS

P o = =) 2~
obe 54 3% £E2F 4+ At
. . . dy
(Dasc) _ (Slneasc COSQPgsc —SIN easc SINPgsc _C059a50> d (3)
_— . . . y
Ddes Slnedes COSQPges —SIN edes SINQP ges _Cosedes
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Dyg= ARAEE #5549 AEW9] (ar ascending orbit / d: descending), dyy/,+

AR Heel ek wE AE (x: East—west / y: North—south / z: Up—down) ]| t}.

T4 3 9 A, WY A wHEAAES &7 Y& 3 MY AR bgE ARAETE
A _stt. sFAwE E Ao AFEE  Sentinel-1 A 9 FHE AEwH
AFE-E 2t} Sentinel—1 §143 9] Aantake HZ2nkako 2 1 oF 10% o] (189, 350)

= 27 el wfle] dEUd el dis WgEsh vta, olF Alejd HE F
THEW/UD) SZS =7 o os 5o, AFARs sFHAES 4

Qekare] welzto] 747k 350,189 & o W thge] 4 43 2
Pasc = 350° sinp,sc &= —0.1736

. 4

! {(Pdegz 189°'t n {smgodes ~ —0.1564 (4)

ZI:};]' 4 <) feiixe]
54 59 o] AT
(Dasc)z(Singasc COSPqsc _C059a56> (dx> (5)
Ddes Singdes COSPges _Cosedes dz
meba], HEFHox Y e W stEAES LOS HAE ol&3] FAWEY
PR EW) S FABFAR(UD)OR 522 4 A 6). oy, wEd

. (dx> ~ (Sineasc COS®qsc —COS gasc>_1 (Dasc) (6)
" SinB e COSPaes  —COS Oyes
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5. GNSS A5 E o] £3% PSInSAR 23 Hn

= AelA 33 PSInSAR Aol st AFo® Al &gt x| FAqlo] E2
St A AALATFL POHG #54 GNSS A9 Azl o|flEYL 23+¥ 7)1kl djsh
A% 9 s s PSInSAR A& vluflth F A5E vlwstr] &4 GNSS 2%
PSInSAR A7 #E el LOS Wiox s nusts WS Mg
PSInSAR ZA#eA = PSe Azl f1x9] W7t vepubA] okgkd whd, GNSS 7%
e FANEFoRS FAQQEN oyt o] FAUN T AA A FHYE
AA WE7F YEbsth ol PSInSAR A=A 24 5 AFE<! Orbital ramp phase
removal®l| &3] Linear?dt trend’} AAE = Aoz A} o5 13 F A=5E
v at7] flslA GNSSAts A#e] F3uakos Yehves A3 ENEE AlASE
o]l Wr=A] HQ 33, o] GNSSE o] &gt AATNE Ao oJF W&
d xFey] S8 A EdEgs W AE ZAlskeE zlo] FlFE itk ZF WEkeA
et A8 EJEgREH AE A 9 SR LOS WP R WIAA B
=g

AxEFYH gFore] LOS MHE 724 23 o] AFojdtt i 2+ ATl A
29 GNSSeF mwsr A 9 a3 E PSInSAR Ado| Ao JArzta), 914 gy
&, a9l ol EEE LOS WEHE ot

i

==

dE
D;os = (sinf cos @ ,—sinfsingp,—cosb) - (dN) (7)
du
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Table 2. LOS vectors from ascending and descending pass

] ) LOS (x,v, 2)
Ascending 41.051556 350.1908 (0.64713672453, 0.11188693589, —0.75411893845)
Descending 39.907497 190.4189 (=0.63097204763, 0.11602020231, —0.76708121327)

Northward position change from NEU Reference Position (dN)

0.02

0.0€1

0

Position (m)

-0.01
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0.03
2016-10 2017-10 2018-10 2019-10

Date (YYYY-MM)

Eastward position change from NEU Reference Position (dE)

0.05
0.04
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002
001
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001
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Position (m)
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Upward position change from NEU Reference Position (dU)
0.04

003
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Position (m)
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-0.03
2016-10 2017-10 2018-10 2019-10
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Fig. 9. POHG station GNSS data provided by KIGAM
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Date (YYYY-MM)
detrend dE (b)
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[=13

-10
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Date (YYYY-MM)

Fig. 10. (a) Northward, (b)eastward position with horizontal linear trend removed
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Fig. 11. GNSS final post—processed data converted to (a)descending and (b)ascending LOS
directions
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CASE 1 Descending data (Master: 2017/11/28) CASE 1 Ascending data (Master: 2017/08/06)
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Days from 2017 Pohang earthquake (2017/11/15) Days from 2017 Pohang earthquake (2017/11/15)

Fig. 12. Sentinel—1 (a)descending and (b)ascending SAR data used in CASE 1. The black dots
and diamonds indicate each used data in CASE 1 and its master data, redlines indicate the date of
the Pohang earthquake
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Fig. 13. (a)Descending and (b)ascending PSInSAR result from CASE 1,

(c)descending and (d) ascending DInSAR result from Song and Lee (2018)
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Fig. 14. CASE 1 PSInSAR results in (a)descending and (b)ascending
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(a) Near epicenter

(b) Near epicenter
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Fig. 15.

PS time—series graph near the epicenter where upward displacement appeared
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Fig. 16. PS time—series graph in Yangdeok—dong where downward displacement appeared
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2) GNSS A5 & ©]&% PSInSAR A3 v

1S AAE g 1 e

Fig. 18. Peripheral view of the POHG observatory. @ Nearest point from POHG observatory

Area from the POHG station with a radius of @ 250 and @ 500 meters
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Fig. 19. Comparison between descending PSInSAR results and GNSS data
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Fig. 20. Comparison between ascending PSInSAR results and GNSS data
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Fig. 21. Sentinel—1 (a)descending and (b)ascending SAR data used in CASE 2.

The black dots and diamonds indicate each used data in CASE 2 and its master data, redlines
indicate the date of the Pohang earthquake
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Fig. 22. (a)Descending and (b)ascending PSInSAR result from CASE 2
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Analysis of co—seismic displacement of the 2017 Pohang
earthquake and continuous subsidence using the PSInSAR
technique

Da—woon Jung
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Abstract

The second largest earthquake, since 1978 when observations of domestic
instrumented earthquakes began, with a moment magnitude (Mw) of 5.4 occurred
in Pohang, located in the southeastern part of the Korean Peninsula. The epicenter
depth was very shallow, about 4 kilometers, resulting in a variety of ground
displacement observations. For satellite remote sensing, SAR interferometry can
be used to measure the displacement between two SAR images. The phase
difference in the interferogram generated by SAR interferometry includes not only
the ground displacement but also the phase and errors caused by various sources.
In this study, we used the PSInSAR technique, one of the time—series InSAR
techniques, to analyze the corrected time—series displacement using SAR images
acquired over a long period of time. In addition, ground subsidence has been
observed in the Pohang area through ground exploration, and it has been confirmed
that this phenomenon has been occurring since before the earthquake. However,

the cause of this phenomenon is still ambiguous. By analyzing a series of time—
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series displacements through the PSInSAR technique used in this study, it is
possible to detect both abrupt changes such as earthquakes, and gradual changes
such as continuous ground subsidence.

Using Sentinel—1 imagery with an acquisition interval of 12 days, the time series
were analyzed for the period before and after the earthquake, from March 2016 to
November 2019, and the observed displacements were divided into horizontal and
vertical components to determine their directionality. In this case, the sudden
ground displacement caused by the earthquake and the gradual change caused by
ground subsidence were divided into two different data periods. In addition, as a
verification of the results of the time—series analysis of the ground displacement
caused by the earthquake, a comparison with the GNSS data captured by the
earthquake was conducted. As a result, this study was able to confirm the direction
of ground displacement caused by a medium—scale earthquake at a shallow depth,
and it was possible to analyze the comparative analysis with GNSS. It is expected
that this research method can be applied not only to earthquake displacement but

also to surface displacement with a direction.
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