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ABSTRACT: The 2011 Tohoku-Oki earthquake showed a significant co-seismic horizontal motion of an average 3 cm across the Korean
Peninsula, showing a significant geodetic impact due to a megathrust event near Japan. Recently, there has been increasing concern about
the possibility of another megathrust event near the Nankai Trough. This area has repeatedly experienced megathrust events of Mw 8.0 or
higher with the period of 100 years or more. Further, the Nankai Trough is the closest subduction zone to South Korea, and the megathrust
event in the region is expected to show the greater geodetic impact compared to its magnitude. Thus in this study, based on the fault parameters
discussed in the previous studies, we examined the co- and post-seismic crustal motion on the Korean Peninsula due to the several possible
fault slip models placed near the Nankai Trough. Numerical solutions of the earthquake-induced surface displacements considering various
fault parameters, such as the location, dip, rake, and depth, show that the Korean Peninsula can experience a co-seismic horizontal displacement
up to 2.6 cm toward the southeast direction due to a Mw 8.5 Nankai earthquake. Further, the predicted displacement fields commonly indicate
a significant difference between the east and west ends of the Korean Peninsula, suggesting that the earthquake could subject the peninsula
to the large shear stress in the northwest-southeast direction.

Key words: Nankai earthquake, co- and post-seismic deformation, GNSS displacement
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Sl LA &ff wo] thEHS fEhAloF & ol =
AdsHaA, 7 2o A= DA FRoA et 27y
o %, Y& FH7HA| FHLAG G AA S5 4
B4 Stk o] % A Tr4r RN A A7kAl e T2
Wto] shH(Nankai Trough)oleh 22, olzel4e] 4
o) Y} AvhE AL Wl Xo whet AZE F
7V th(Hyuga-nada, Hai#), Y>Feo|(Nankai, f5ig), B4
7}o|(Tonankai, HEEHE), E7F0](Tokai, BifF) XX 502
F9& FBSko] xRSt Hirahara et al., 2004; Saito et
al, 2019) (A 1). 53] E47 G 7]o] ¥I=5 F4HL
2 550) Evvlo] Tola A%0] Ulo] T X1k 1944
A} 1946130 HHIE FFE(Mw) 8.0 o] 2|20 ZA¥ek
v} 9lo] E3] 58 Tkst X]Fo|th(Fitch and Scholz, 1971;
Kanamori, 1972). 9A}4 7|20 2 n|Fo] & o dr}o]
o] 2 WHE AR Hol= 4 5 8.0 o]/
HRZE oF 1000 W E= 11 o)de] 3715 2L Ay
2 0% Holu, o|nff &3 SF2 7|3 47 1 F o
L gt 3tof| 3tEr| E) 39 E], AF o WAgst= A
o7 d8A Ut Ando, 1975). £3] 1944 EWF}o] ]
213}k 1946 dto] A X1& A QJstA A F7HA] o] A Fof
Al Mw 8.0 o]49] 2| 712 THAgsEA] &l ik He L
Hofl & o, 717k AlY ol o] A FGollA WS 5= 3=
= Zlol e FAY Bart Ut GEollA= GAH A

A 7183 0 Ao B W 57 B )5 58 Fe
of drto] =t 1ol A 2|7 siE A4 uh 2 A7) o
Sol 43Tt FoE 71=°]2L 3 th(Ando, 1975; Hyodo et
al, 2016). A2 Al71% ol Sake AL F3] ofrhe HE
ersteieke, wrtol sl Alderel F7bueh oA
SPAekE Mw 7 AF8] A7l0] Wto] giARE e vh
35490 ek 7] 29 A7-50] o] He(Nakata er
al., 2014; Hyodo et al., 2016), =3] <] 20244 8¢ 8
2ol Mw 7.12] %]30] o] Fojol AAZ WA 2 2
2 71374 0] drto] thRX 9] 7He S GAIF o= A4
Hel A% oleigh AT Avjsl el gk o el
T Seifeks Y QI Aol wAshs Hix
Zlof| oz} AFFet FAFE WS o o, AR Xd 2011
39 119 WA Mw 9.1 SR iR 1S Qi 0 o
A7) BHHEO] nlAE R oAle) wolE v itk
(Baek et al., 2012; Kim ef al., 2018). ZA] 3HI= GNSS
(Global Navigation Satellite System) 3+Z49] =9 25
£ 5YE R FAH(co-seismic) HHOR gla] &
el Ao Warem £ 02 B oF 3 om e
OlEBIIT R AR Wa] WolZT SJek(Kim e al, 2020).
o|e} H| w3l & uf, drto] thA|Xlo] AA| = AT - ¢
elutelol nlA 2x)ste darele A A o Aow
SFEITE SA, FkETEA o] FekA 7t 1,000 km o4
o191 20114 BY Aol ula) rlo] SHTE &
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Fig. 1. Geological setting near Nankai Trough. The Philippine Sea Plate subducts under the Eurasian Plate toward the NNW direc-
tion, forming a broad subduction zone indicated as the blue double line. The boundary from Mount Fuji to the Southwest Japan
is particularly referred to as Nankai Trough, typically divided into four areas of Hyuga-nada, Nankai, Tonankai, and Tokai, from
the West to East. The black stars indicate the epicenter locations of the last two large earthquake events greater than Mw 8.0 occurred
in this region, based on the earthquake catalog of the United States Geological Survey (USGS).
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ekl 74 77k shole, kg gtEe] 1) A
2} i9]e) 2717k el vls) S B2 AYS dAkE 4
SIck. B3] £ 7olN ZARE At Selrtebs ag 13
0] g3 A, A9 2, A9 o] 3} 2L of o
% W<x(fault parameter)o] whe} 3 PsHA B Wsigol 2
A Detxis Ao Uehh, A5 WA Wkl 1% 79
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o ek

wfeb 2 ATl drtol ST Fue] Y A
Ao] WA A Sikee] 1) ZXst JRrEle e
shaza} siek. AA s Aaks B golo] whet E40]
sheA 7R AT el A gus 2719 BEEe] &
WSl 2] HRE-S 185k 42| g(Pollitz, 1996, 1997)
2 o] g3tsth S ASE 4% mule) A gelsh
7] $I charet %18t 9 SAjshPHES B9 £2E 2011
4 SUR gAAe] 39S 5L v uelge
Akstel, THIEE GNSS T3 Ao} vl 9 @53t
ololAl, At 19444 Eyizo] 2|2 % 19464 te] A
Aol that ofd] A7 AnHEE Fastel 7R e W)
ol wrto] A1 Ae] ofet e FRES Ao
o, o] 2 FMHE 28 GNSS TELo|4e] o 9]
£ A3kt ol e At Aake Edi=, Wrle] BjxAl
o] Bk X7} Wl v A FRS A=A} gk
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1. XIHF?E & XIZ 20 AL T

2 Aol A AREEE =2 2E(Pollitz, 1996, 1997)2 2]
W FHE Yof| FLg mi &S 7Y%k 7] 2E(Okada, 1985;
Okubo, 1992)Et} B E o], Zlo]of wE J4 L2 5 2
= 73 AFE o3t ojnf) ©FHo] flsh= A& ¥
¢} =8 HIE AAF = o] E(Normal mode theory)S
2 gsto] L 23} T P = 4RSS EA0] Yo
o, o] REEo| FA]Z(co-seismic) AT A4pHeE 4= QL
1% A3 2] Aol WHE 4] ) post-seismic) 3}
S AR o= Ik AR o] Qi

FARA Y A9, 7HY & 9= v|AE fae 13
O 2 AL 7 WAz (rake) T} 2 THEH2] HSx(parameter)
EolH, of7]o) o] M= ol FFZ A= &
A Alge] £27F F a3 QS gt 3, AR 9RO
7 9Izet @R v A= 4= B T (elastic thick-
ness)e} A2k 9] ZAJ(asthenosphere viscosity) 22, QFS
Ty Floh e okl WAL B BT A7 sl
of 7]ofgtet. wiiZell FYe FAX I E FA: T F
At 2 Ak HA, T2 o2 2 T =2 Aok

HIH01 XIZ =5 TR0 QIS ST HH = 31

o

e ox

49 F 7HA] 2o g2 AHo| Thsdiths 5840
J=d|(Han ef al., 2016), 4 1 = 3t 71X 2= X2
H 22& a8sf Heks well AEsh] o8& 2839
(e.g., XY Fol Bt} oF2 B FA)U o] -] &3
9] A4 HelolA A Hojue 397t Bt oI5
sto] 24 HelE Fd ez £ 4 ok
FARETGE 2 A4 &3t %] ZdE52 PREM
(Preliminary Reference Earth Model) (Dziewonski and Anderson,
1981)3} o] Wiz, 'HdAIS, A4 ol zlolof wahAvt
H3}sh= 1-D 2dS Y85k 7] ol % ke
Et Y (heterogeneity)of] 2J3t Lxp= AAF =9 g
AR A8 = Utk AE 501 1-D AA|7L2E 118
e 2] 2Ele v Al 34 A B32T7F ALEE o
QA gonw O Qe A HE5E ArE 9SH 5
A7 ol oF7he] X7 HA S 4= ik ERE $X|7
HE2 of7]of| 712 A9 27] 9 E=271 A7) of
2ol oL BT e A5 WES ¢ Gk &S0l 3-D &
W 1-D 2] Ajolg wAT A Ao AoHE B,
Hme| o g e melshA) F5he 1D BUe 5 A4
of sl 3-D =dl dSH ) oF 10%0]14 20% F= T FX]
A H3LE AMES= H9E B QI Tanaka et al., 2015). 9]
o] 1-D 22 #SE 227 H3kE AT ot o
2 HA 0 2 A= dulE o]oj2 4= QUtk(Jeon et al., 2023).
olfg £ ARt £ Ao e 1-D RES &
|3 A3 AFS0lA E 24 HAE F=xsto] AA
25 A48Tk -S4, 2ol ¥ A2 A%(bulk modulus),
At Alg=(shear modulus) ¥ U =(density) o] F3& FiF2
PREM 20| 3+& o] §3}5ic). QU 541 sjolo] g4 =
ARz AHE ThE(flexure)yS HIRC2 $43 A-H(Levitt
and Sandwell, 1995)9} 2011 S Y& xR 2] $x]7 ¥
3= A5 A4 (Han et al., 2014; Jeon et al., 2023) 5%
ol A ¢F 60 km ol 4] 70 km HHE A Al5taL §lo] o] o]
g3t 3he, A ool o] Bel FEehy W 4 wdl
S HiEo = A AAQ 1-D 4 2ds A3t Steinberger
and Calderwood (2006)+= &2FH(Z 0] ~220 km)oj| 4] <F
10% Pa s, AFE WME(220-670 km)of| A ¢F 10! Pa s, 3135
WE(670-2,900 km)ol| A F 107 Pa s W3] HALS AJA|
Sl o] gk 78 739 Ao HAdo] H=stA ot
FAR B AY YA b= 23S €A €k AR
2 3ffF Aollx], ARE W Eo] Aord Ho]d(transition
zone, ~670 km)®} A4 Eelstol 2451 Fake £7)
(trade-off)7h 910} 21oHA 4 4|0} BIRULE oA
3 u} gtk 1o ¥l #e] o]F £ =AKDoglioni et al., 2011;
Saxena et al., 2023)0]y} XA & iHe.g., Pollitz (2019)
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Table 1. Six finite fault models located near the Nankai Trough tested in this study. A single fault plane with the seismic moment
of 6.3 x 10*' N m (Mw 8.5) is assumed for all cases. Horizontal length of the fault plane is fixed to be 250 km, and the width (dip-direc-

tional length) is variable depending on the dip and depth range.

Fault center at

PAE o B3gto] @ AgEtks AL MejZeh
o

o

Model Strike Dip Rake Depth range
Lon. Lat.

F1 250° 10° 90° 20+ 10 km

F2 250° 10° 90° 15+ 10 km

F3 250° 20° 90° 20+ 10 km 134.5°E 33.0°N

F4 250° 10° 120° 20+ 10 km

F5 250° 20° 120° 20+ 10 km

F6 230° 10° 120° 20+ 10 km 137.0°E 34.0°N
AoFA] Y 27 1A BRElo] glom, olgfat 4 ek,
AFEE FFHO2 107014 10 Pas W] Aokd
= dt)=At+B,  (t<0) (1)
il

o

Ao of 3k AR WE 2 SHE WEY Y 2AL 57
A mh 7o) A8e 2 gz, ol 220 km 0|8t 4
so] A4 270] FA7 &} 2o H|A L Fge s
Hoi ejujohe Pk 2 ATolH ARgY FAZ wd
(Pollitz, 1997) TS AR 9l 31 uiE-9] AL Steinberger
and Calderwood (2006)7} A|A|8t ZkR T} 10v) 2 72
Hgateehe BrolMe F27 wste] 27]= 2% ]
of Ajolghe Holi= Ho] ST,

d

2.2. 20114 SU= HXIZIH 3! XIZ 2L HZ
olgA 7PgR 1D 4 mde] A= FEsta
A 20119 SYE AL Ao B 7 §8 B

B B2 27 SES AF AL, o2 BEE 3
9 £ Het vl wsts S AR BSE SA AR
2 A, $H= GNSS 222} GRACE (Gravity Recovery and
Climate Experiment) %8 ¢JA] A5E 0|83} =8 ¢
A g "lALA T8k CSR (Center for Space Research)
of| Al A|&-5F= RLOG level-2 A=E ]85} 2 H(Tapley
et al., 2019), M= GNSS &9 A2 = yulch 22 A7
4~(Nevada Geodetic Laboratory)of| A 22| & Al&sh= *}
25 AMESHA T Blewitt ef al., 2018).

a9 2= S2ute} 87 GNSS #240] 421 W9 7|2
= Uetdie, 1d 9 vbd 7] A5 = AlA" Aol 19
2204 2h7kA] B%, 2-2jutet GNSS #S40 A= 2011
|3 11Y(3] FACE FA) AT T2 55 U3¢
T3 FAR H37E 4= om 7FF ER1E, o] YAHE Al
o vt 23 AFIARDS o]gste] S5t
q& =, AN DY AHS 1= 0= & A Y AlzE 1o
el m A T4 2 EE U] 9 HeE doTt
I 5hH, A2 A 9] Msh= thaat o] 13} k2 ARG

o
K}

WA A3 3-0] M3k of 7)o tha Zo] A 2 &
A7 ek mefaly] 9Ie AL Fokstel A 4 glrt
(Tobita, 2016; Jeon et al., 2023).

d(t)= At +B,+ Cln(1+t/r))+
D(1—exp(—1/1,)) (t=0)
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)W} 7S 7]9ko & 2% 1) A (Shao ef al., 2011)2}
%8 H3ls QAste] =25 24 B (Jeon et al., 2023) T
7418 Agsielck 53] SAsH9l 3 T mde) o
A GNSS T SARS} 28 A E 9] TEgho] 154t Y
2] &850 g=d|(Banerjee et al., 2007; Song and Lee,
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et al., 2011; Jeon et al., 2023) g B+ 0|5 0]&31 =T
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2% 38 AR T2 PHES 7N 2 BEojHl F 7}
A §% 9% 2d A, BERE Fotloh A4e] 32 wat
o} b= o] 87] GNSS T4 A Hell 9] E 47 9]
2 Axkste] ulmet Aolth. T 3ak 20119 FUR ¥
Aoz AT EAH F L 4% WSS ek, 9% 4
we] el ks X170 4 WS WE o] B Lt
dick. gbA] AR AL EC(SBAO; 19 20)0) W
e Aol EHEl 03} o] She W o] o] tha
chErhs 42 A 9fshe, THEE GNSS BEgHe Aubeo
2 A9 el FEoRY £49e 12 & HejEn
olth. 1% 3b §3 93 29 A9 59 U ke
W9 |2 gko 2N, olo] Ha HUE f3 TE B 4
W AR ket AR OR, 27be] &Y v o] BRe

12/ 9 skeH.

14411 (cmlyr)
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Fig. 2. Daily eastward (red) and northward (blue) surface displacements from March 2008 to the present observed at GNSS stations
of SKCH (a), SUWN (b), SBAO (c), BHAO (d), MLYN (e), MKPO (f), KOHG (g), and JEJU (h). The vertical dotted line represents
11 March 2011, the date of the 2011 Tohoku-Oki earthquake. The black curves are the least squares fits as explained in equation
(1) and (2) in the main text. Note that the annual and semi-annual variations, and the background trend before the 2011 event
were removed from all time series from (a) to (h). The background plate motion estimated by the mean trend for 3 years before
the 2011 event are provided in panel (i). The vector shown in the box of panel (i) shows the mean of the pre-seismic trend of 8

GNSS stations examined here.
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Fig. 3. Co-seismic gravity change and horizontal motion from models and observations. (a) Co-seismic gravity changes observed
by GRACE satellite gravimeter and co-seismic horizontal motion detected at 8 GNSS stations in Korea (black lines). The box
in the upper-left corner includes the mean vector of horizontal motions. (b) Similar to (a) but estimated by finite fault model A.
It additionally includes the horizontal projections of the sub-faults (blue rectangles), as well as the mean slip vector of sub-faults
(blue line), and the focal sphere with moment magnitude in the upper-right box. (c) Similar to (b), but based on model B. (d-e)
Similar to (b) and (c), respectively, but the dips of models A and B were changed to 15 degree, instead of 10 degree.
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2.3. HI10] o= = Qo HE DHO| HH

Woto] s 9] GAR thR]R1E AERE Ando (1975)
£ drto] o) ti3f 2.6 x 10° km’, Ed7}o] o o
3 1.6 x 10* km? 2] ThZ& 20°0]| 4] 25°9] AAFHO 2 uj
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Table 2. Two different 1-D viscosity models for the asthenosphere considered in this study. In each model, the asthenosphere was
assumed to have a uniform viscosity value listed below. Viscosities of the upper mantle (220-670 km depth) and the lower mantle
(670-2900 km) were set to be 10?' and 10* Pas, similar to the values from Steinberger and Calderwood (2006), and other properties

such as density and elastic moduli are equal to the PREM model.

Asthenosphere model Depth range Kelvin viscosity Maxwell viscosity
\%! 65-220 km - 5% 10" Pas
V2 65-220 km 1x10"Pas 3x10"Pas
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Fig. 4. Co-seismic horizontal surface motion due to the six fault models from F1 to F6 listed in Table 1, predicted at the positions
of 8 GNSS stations on the Korean Peninsula. The mean vector is indicated by the thick black line in the box in the upper-left
corner. The blue double line indicates the boundary of the Nankai Trough based on the plate model of Bird (2003), and the horizontal

projection of the fault plane is shown as the black rectangle.
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Fig. 5. Time-dependent horizontal surface motion considering the post-seismic effects due to different fault slip models and asthe-
nosphere viscosities. (a-h) Predicted surface displacements at the position of 8 GNSS stations on the Korean Peninsula, estimated
for 50 years after the faulting of fault model F2 and F5 considering the delayed motion due to asthenosphere model V1 and V2.
The co-seismic displacement is included. The solid curve indicates the eastward component, and the dashed-dotted curve shows
the northward component. (i) Mean linear trend examined for 0 <t < 10 years, for the period indicated by the bright red box in
panel a-h. (j) Mean linear trend for 10 <t <20 years, indicated as the bright blue box in panel a-h. In all panels, the black lines
are from fault model F2 and asthenosphere condition V1, and the red lines show the results considering F2 and V2. The blue and
green lines indicate the responses due to fault model F5, but considers different asthenosphere models, V1 and V2, respectively.
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Table 3. Co- and post-seismic horizontal displacements estimated at the locations of 8 GNSS stations on the Korean Peninsula.
The estimates are provided as the eastward (E) and northward (N) components, and the magnitude of the vector (Mag.). The values
shown above and below each cell represent the lower and upper bounds of the estimates based on the Mw 8.5 finite fault model
F4 and F5 shown in Table 1, respectively. The post-seismic trends are based on the asthenosphere model V2 in Table 2.

Co-seismic horizontal motion (mm)

Post-seismic trend for 0-10 years (mm/yr)

E N Mag. E N Mag.
SKCH 6.0 -6.7 9.0 2.1 -2.3 3.1
(38.251°N 128.565°E) 11.1 -12.3 16.6 3.6 -4.0 5.4
SUWN 5.8 -4.5 7.4 2.1 -1.5 2.5
(37.276°N 127.054°E) 10.9 -8.4 13.8 3.6 -2.6 4.5
SBAO 8.6 -7.5 11.4 2.9 -2.4 3.7
(36.934°N 128.457°E) 15.4 -13.6 20.5 5.1 -4.2 6.6
BHAO 11.8 9.5 15.1 3.6 -2.6 4.5
(36.164°N 128.976°E) 20.7 -16.9 26.7 6.5 -4.8 8.1
MLYN 12.3 -8.2 14.8 3.5 -2.0 4.1
(35.491°N 128.744°E) 21.5 -14.7 26.1 6.6 -3.7 7.5
MKPO 52 -2.1 5.6 1.8 -0.5 1.9
(34.817°N 126.381°E) 9.7 -4.2 10.6 32 -0.8 3.3
KOHG 7.5 -3.2 8.1 2.3 -0.6 2.4
(34.454°N 127.519°E) 13.4 -6.1 14.7 4.1 -1.1 4.3
JEJU 3.4 -0.9 3.5 1.1 -0.0 1.1
(33.288°N 126.462°E) 6.3 -2.1 6.6 1.9 -0.0 1.9
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