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Numerical Simulations of the 2011 Tohoku, Japan Tsunami Forerunner
Observed in Korea using the Bathymetry Effect
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Abstract : The 2011 Tohoku, Japan Tsunami, which occurred on March 11, 2011, reached the Korean Peninsula and
was recorded at numerous tide stations. In the records of the north-eastern tide stations, tsunami forerunners were
found in only about a few minutes after the earthquake, which was much earlier than the expected arrival time based
on a numerical simulation. Murotani et al. (2015) found out that the bathymetry effect is related to the tsunami
forerunners observed in Japan and Russia. In this study, the tsunami forerunners observed in Korea were well
reproduced by a numerical simulation considering the bathymetry effect. This indicates that it is important to
consider the bathymetry effect for a tsunami caused by an earthquake on shallowly dipping fault plane(e.g. 2011
Tohoku, Japan Earthquake). However, since the bathymetry effect requires additional computation time, it is
necessary to examine the problems that results from applying the bathymetry effect to the tsunami warning system.

Keywords : tsunami forerunner, bathymetry effect, 2011 Tohoku, Japan tsunami, tide station, arrival time
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2013; Cheung et al., 2013; Hinwood and Mclean, 2013;
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U E Hlom, =1 2001 7|2 g-oll oF s3vtE P o]
35 F Ao B IEcH(Wilson et al., 2013).
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7} o]Foix] AR x| R Al B8] Ith(Mikami et
al., 2012; Mori et al., 2011; Mori and Takahashi, 2012). %
ol A = Fd A xlefd ) 2L sk FE|e] o] g
o] A qefA Wsl= A|xls el thg-aslr] fleto] A7 A
A8 A5 A AES kel thLee et al., 2015).

o] A R R E o] &5 Aol e W
9] E3zel ok s A A ] ALl e} ARl 7] S
T W97 FYatrta 71 $hek(Shuto, 1991). ©] 71 o]
BR8] SlaliA= Azl Lol Aol vls) sbgo] u¢- 7
of Malgtdsh= 49 & slow, @43 3d £5
(rupture velocity)’} A XY A} LTof v3)] Ajdo=z
Al AekaL, FE s A BAE ksl X ellA] A
Zlo] whAste] s A = WMLE FAIR = Qlths 70|
I Q 5} (Tanioka and Satake, 1996a). 121} AR 2] &
A BAH ERglel Slal FARlso] FHlE o] s W
A7F Agskar o= ARl 7|9kl JEs & 5 e
4l o]& A& & I}(bathymetry effect)Z} S-THBletery et al.,
2015). Tanioka and Satake(1996a)7} X3 & 3}9o] =
A5 AlQkst o] % ¢hukst ZHAKlow dip)e] T 5ol Ad
Az 9 2 s del tiste] X8 aaE arel g thekst A
A A7 2= QITkTable 1). 2011 5 o<z gt
QhSE ZAARA W7 S AR 02 A eyt 1
Aol wpe} A A& A=Al 9be, vlopr], FFARE F)ell
A A D7t 30% - 60%2] 2Ho] S K. THBletery et
al., 2014; Satake et al., 2013).

FUE ALY IF AR T L2 71 (IMA, Japan
Meteorological Agency), = &=4]2]-¥(GSI, Geospatial Information
Authority of Japan), 31’35 24 (JCG, Japan Coast Gaurd) L
2]aL #Ajote] M S 7173 Bl €3S (FSRHEM, Federal
Service of Russia for Hydrometeorology and Environmental
Monitoring)°lX] 2-F8H= g3l T2 Ui 9] u=2Aelx A
R FR R 7 =3t X Re]d TEA|ZIR T} o]E Az}
2F2- 35 H3E Bt (Murotani et al., 2015). Murotani et

Table 1. Previous studies using the bathymetry effect.

Name Earthquake
Tanioka and Sataka (1996a) 1994 Java, 1994 Mindoro
Tanioka and Sataka (1996b) 1896 Sanriku
Johnson and Satake (1997) 1946 Aleutian
Tanioka (2000) 1994 Kuril

Baba et al. (2006)
Geist et al. (20006)

1944 Tonankai
2004 Sumatra, 2005 Sumatra

Fujii and Satake (2007) 2004 Sumatra

Fujii and Satake (2008) 2006 Kuril, 2007 Kuril
Dutykh et al. (2012) 2006 Java
Satake et al. (2013) 2011 Tohoku

Yoshimoto et al. (2016) 2010 Maule
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al. (20]5)_ 2011d A& x| 2 A5 dbAgsl wlsgr) o] e
= W3S X713 A3 3l(tsunami forerunner)z} 74 )5}
Rom, AFaIE g AR R ELE Fal AXIs
oA Mepurt A Faatet A des BTk

FeEivhs A I el Bkl T A%
afjdef] ofgt Jaf glo] Ui Zfe=54elA 0.3 m o2 2
< LRt ASE T o] 9] RS AelM = AX1E)
TR 2 (Bae et al., 2012)5 53l A5 A1} FAFSE A
Ao ZHE oF 4 - TAIZE F)of] ARefjdo] A=
ATk 2 Fallol] RIsE AR ZLASaeA oS5 B

AlZHT} o] & FUE XX EA &
wie]e] w7 s Wshh dgshes A Meiuir) o
SHEUE 2 ATelAE 2011d LR
Lol #5E ARl Mdpute] A1S FAstuAt AP E
= a1 F AR TR RS i on, APad=E
aEEHA ok Ads} vlusigitt. 18jal # 5 A3t 7
% (KMA, Korea Meteorological Administration)2] #]%1
e TR AIAR & e dFHE FA ST

JN

N m&r

{o

Lzl ._éi._ 20114 SY=

71X AL A5 Skl 255 alduta)
Azl 3 UFFARI(KHOA, Korea Hydrographic and
—‘ %‘g‘ O}J—l Mq—-
Qsfelo] B 2o

Oceanographic Agency)?] #4554 AF=
B AFelM = 2011 FUE 7<l
4 T ARl Ayt A5E &5 5 (ULD), FE(MH),
SIL(HP) X9 9548 ARled dalupr) A55A] 942 &
AHUS), BA(TY), A7 XE(SGP) 29 #3405 A ekitt
(Fig. 1, Table 2). 54 AR (1 )l A8 55
2R, 7171 AR, ob717d sell g3 AS ggto] EAgh

Table 2. Locations of tide stations and DART buoys used in this study.

Measured Simulated
Station Latitude Longitude Latitude Longitude
(N%) (E”) (N°) (E)
ULD 37.491 130914 37.483 130.900
MH 37.550 129.116 37.550 129.117
HP 36.678 129.453 36.667 129.450
Us 35.502 129.387 35.500 129.400
TY 34.828 128.435 34.833 128.450
SGP 33.240 126.562 33.233 126.550
DART
21413 30.528 152.123 30.550 152.117
DART
21418 38.718 148.698 38.683 148.767
DART
21419 44 455 155.735 44367 155.683




MY EAE o] g el B 20119 FUE ARs|d s} A1) 267

50°N 5000
4500
4000
45°N 3500 _
£
3000 =
5
o F42500 A
40°N 5
- 12000 =
=
. 11500
ERME 11000
1500
30°N —0
126°E 135°E 144°E 153°E

Fig. 1. Locations of tide stations and DART buoys. Red star indicates the epicenter of earthquake.
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Fig. 2. Time-series and spectrogram of Ulleung-do (ULD), Mukho (MH), Hupo (HP), Ulsan (US), Tongyeong (TY), Seogwipo (SGP) tide sta-
tions. Red lines represent the origin time of the 2011 Tohoku earthquake. Red arrows represent the arrival times of tsunami-like wave.
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%

+ Bae et al.(2012)2] ATollA A RE|Y FARJE Fall
of|5ek A XY =g AR o] & Azt #5E ZlolH, 10
i oJule] ©7] Adato] E-Eate] Murotani et al.(2015)°] &
o5k A Hdepute] 5433 wdatrt. ol whsle] 24k,
B, AT 2R B5 Aol = ARl AEst glo] T
2 AR g o R RE] H A oF SAIZE 30T ¥ S W
sl7F #=5|QlTh. o] Bae et al.(2012)2] A-ollA %] x15)
o FARE Bl A5 AL @A Akt
ol gk A Azt Aol AFER TS FElA]
T gl 5 Qlvh &, 59, AFE 29usA AFER
T A= gR1EE = gl 7] 102 ol e] ©7] A
T, BE, X X995 A ER T A3 %

o

= il =

5 3 5] o~ o = 0= &7 > 2

B AT BT 5 Yol STE, BE, FL 2IUEL
2 A

SHIEA HS5E A e M3nke] 1S #Askax
COMCOT(COrnell Multi-grid COupled Tsunami) &2
o]gste] 2011 FYUE A TR E F3sisitt.
T2 7] xR Rl cCOMCOTe] tigh Kt 2}
AlgE A2 Liu et al(1998yS #3234 ok A-&Y 2
719988 Ay g ued Aok v 2 AeE
ARgskal e, ARIed A EL ol ARS-gE 2332 Table 3
¥ Aok, A A8 A AE At Ao ® A
251 o, vl 55Ul 713 (NOAA, National Oceanic
and Atmospheric Administration)®] A|T-=g] AFAIE
(NGDC, National Geophysical Data Center)°ll A A| & &=
AR HAEAY 131 1A FAARE ARSI AIRE R
72 CFL %71(Courant-Friedrichs-Lewy condition)= %=
3k 1s2 A3t

-

™

X

Table 3. Numerical simulation conditions.

Parameter Condition
Longitude (°E) 110 - 180
Latitude (°N) 5-50
Ax () 1
At (s) 1
Coordinate System Spherical
Governing Equation Linear
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U527 Ak A9 P}, She] o2 FAdutES 7
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et al, 2008)% A FAoR Hdsh= 3% Ak (full
waveform)S A4 & DBE}SISI T DB3E o] Q= Hukd
o) My Agto = o] MIutFE Aket (e.g. Hartzell and
Heaton, 1983), ©]=3}% 3} #5318 X% 50 - 500 s8] the
HElE Ag3te] F77] 5495 & REgetes sttt Axlo]

1 /
Ny Yy

Zo,llflzohok\]‘ Earthquake, p

Fig. 3. Station distribution used for finite fault inversion of the 2011
Tohoku earthquake.
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Fig. 4. Slip distribution of the 2011 Tohoku earthquake. Red star
indicates the epicenter of earthquake.
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Fig. 5. Schematic sketch of the bathymetry effect.
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Fig. 8. Comparison of measured and calculated data of DART
buoys. Number at upper left is a station code. Black line
represents detided data. Red and blue lines represent the
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match the arrival time of tsunami. Time 0 is set to the
earthquake origin time.
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