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Development of the Global Tsunami Prediction System using
the Finite Fault Model and the Cyclic Boundary Condition
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Abstract : A global tsunami prediction system was suggested for a distant tsunami using a finite fault model and a
cyclic boundary condition. The possibility of the suggested system as a distant tsunami response system was
checked by applying it into the case of 2014 Chile tsunami. A comparison between the numerical results(tsunami
height and arrival time) with different conditions (boundary condition, governing equation, grid size and fault
model) and measured data (DART buoy, tide station) showed the importance of the finite fault model and the cyclic
boundary condition.
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A9k ’\Jé.\—f?l AN = 7 e & A7 3o Y A4
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Fig. 1. Flow chart of the procedure of the global tsunami prediction
system.
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AP (Kikuchi Kikuchi and
Kanamori, 1986; Kikuchi and Kanamori, 1991)°] Y& A}
G531 glo] & AFelAE o ol gste] HAT A
A5 Al2Hl ikl gk ﬂx—]g} AT =1e Frlst
Stk o714, 9A A= R oz RY A7 oF
30°~90° Mozl ke 91| st 7(]1] =540 B59 ot =
= SHE ulekstl, ATzt 30°K T 7k el
AT AL & TR Ul &% s S A
sh=t ojefsol /oM, 90° o] 2] Aol = AU
= Ask5 psrh -89 A AeIA A sst
s Bajslo] sl & s 5 ol2n Aol ofel
A7 wiEel 30°-90° Afole] AT FE ARSI
Kikuchi and Kanamori(1982, 1986, 1991)2] ¥ 2] 2 |1}k
Aol M= @55 ofe 718 ARF o R WL 7 A
oA A AFA7HA] Aupsh= A X9 E o] &4 o ® At
g vk ZF AdelA ] ARRANES wato] AA 2
o EH'H 6”\}01‘“ tﬂﬂ}i O]EEL“J]' % Akt 7F =5
OIALO

and Kanamori, 1982;

o
sl AsfAeR 2 ngole Adzdg L

3= QA2 AR}, HEAR o7 a7 7}

]7(] OHOE]E’. Aol vlsf opgo] vl Hof Hajutcdoh=
s, o] s el A Alel vlsl L] 7E ug-
Zro} H] A 84S FA]g 4= Q1tH(Cho and Ha, 2010). ©]&]
SF o= RS AR Y R L ell= HEl| 7P o2y
Bl A< 219 Navier-Stokes 4218 IxH}sko 7 A&
Sk A8 H4-17d 2] (linear shallow-water equations)= 4| Hl|
WA 05 ARSIt Al vlgl] A RE| L] xFo] & 7
- )43 go] Fjste] slista} o] o] ek ool A
o] AREA FRO)dl= vAY A4 (nonlinear
shallow-water equationsyS A|8*gd2] 0 2 ALV & S}
(Cho, 1995).

AR e H57] gl B ARt du) o)
2} A Sk AE & P (dispersion effect)®t X9 & &
3}, a1 APde] o st g &3} (Coriolis effecty= ™ A
& dulshs tiE A DY d-(wave front)e} H-3F
o 2 93 Fth(Dao and Tkalich, 2007; Glimsdal et
al., 2013; Kirby et al. 2013) ﬂ’“ﬂmél < 5 A elA

(T 8.0y tiato] Boussinesq ”o”é A& Ay Ao st
of ARYS TAEE 3t A HAkE sk 32 A
Bt Hojkarrk 0.4 m o)/l ool oF 34% 7hash= &b
o]7} ¥g3F tF(Miyoshi et al., 2015). “28]1} Boussinesq

A2 71 Ak AI7HS Q7= 281 (implicit method)
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= ol&sfof stk A7 9] sHAIZE EAste] AT A
&Y o F Al2~Hle| AghsA] 2tH(Yoon, 2002). Imamura
et al. (1988)¥} Cho (1995 H5Hg2S xRtshi= #7gel
A A= FARAE QAR o] 8sto] B4 #A e
A= WS /ST Cho et al. (2007)$F Yoon et al.
2007y Z¥zb AgAel EAwAriyat 2 Ay
Boussinesq® 3517 AS 7iEkste] 24]o] W= A9
ME A a7 1 EHES A)Asklh

AT TE A¥R= BF 1000 km O] FelA] FajE
T e, B W& JoelM= Axlad AR ol JEks
“TH(Cushman-Roisin and Beckers, 2011). 2004 <~u}EE}
A8 A ELEJolM = A =5l gJsto] | 30%2] #
tokal 2polE Belom, 53] 19k B XdowyiE ¥
AR 252 A 2500 93 2lo]7t SISt Dao and
Tkalich, 2007). 3= A s do] ks Fetahs B3k
of YEFE Fol 2011 FLE AU FH L oA ZHof
5%2] ezt xfolE Bl o e x| de] oA
7t A% ¥i= @7 (energy trapping)°ll &3S w|H THDao
and Tkalich, 2007; Kirby et al., 2013; Kowalik et al.,
2005; Lovholt et al., 2008). Z1#] 22 ARG A& o=
A|AERE FAE AT =rE 28 A% S aEs AR
= AHg-akofof gt

COMCOT(COrnell Multi-grid COupled Tsunami Model)
= A A A o7 ARgstaL #ExRE S ©]
ot A REE B2 A Aol ARE-E L ItH(Lima
et al., 2010; Megawati et al., 2009; Wang and Liu 2006;
Wijetunge, 2012; Wijetunge et al, 2008). COMCOT-Z
Yoon (2002)] W& 7ldste] 24t &3 sk, AEF

Table 1. Station list used for teleseismic wave inversion

gs wEsk APt A AT 35S 1S 7 S
= A 9ETH Wang, 2008). 18] -3 v 2 el

Y 7] 38 AmF AT T Qo] AATF Axs

= Aol Agsirt. 1 dAellA

7] flste] A= W& AA A=) ¢4

(volume flux) F R 7T REZ: 7 & w3k 7
= 548k COMCOTS AHg-3Faith A x1sd up el
3k Bo} AFAE A Liu et al. (1998)2 %8 4= Qv

3. 2014 &2 X|XIGHY

20143 49 1Y 234] 465-(UTC) Zd| H4-ol 913t &

AT o]7]AI(1quique) FA1% @l ollA] A8 gh 1 5L 8.29]
AL 2014 v]FA A FA RO WS A7 F Tbg 2
RS AFlo R UAT) gto] dehdlg] gt ko g AqlEE
AR AgEEdTt. A%l 2R Le] S8l H A 7]
AFgskar 20007 8 o] FdR7 ISl o n 7R 13,0000
A7E v S g st sl Axlaf gL =
dolld 2k 425m, FdolelA] oF [.13m, Yo <
0.34 m2] J1E Holi= T EESS Jdste] AT o®
JeS v th(Hayes et al., 2014; Heidarzadeh et al.,
2014). & AFoM = AATF A AL S5 A AHE o] §

sho] A7 24 W AR 5120 F S,

i
ol
i)
tlo
©
o> oo

& 2014 A A9 T
1 7} 30~90° el $1X3t 1
AABELS A8 A WEFATFATA (RIS,

(o))

Station Code Region

Latitude (°) Longitude (°) Elevation (m)

CASY Casey, Antarctica
CMLA Cha de Macela, Sao Miguel Island, Azores
EFI1 Mount Kent, East Falkland Island
HOPE Hope Point, South Georgia Island
JTS Las Juntas de Abangares, Costa Rica
PFO Pinon Flat, California, USA
POHA Pohakuloa, Hawaii, USA
RCBR Riachuelo, Brazil
RPN Rapanui, Easter Island, Chile
SACV Santiago Island, Cape Verde
SHEL Horse Pasture, St. Helena Island
SIG San Juan, Puerto Rico
SNZO South Karori, New Zealand
SSPA Standing Stone, Pennsylvania
SUR Sutherland, South Africa
XMAS Kiritimati Island, Republic of Kiribati

-66.279 110.535 10
37.764 -25.524 429
-51.675 -58.064 110
-54.284 -36.488 20
10.291 -84.953 340
33.611 -116.456 1,280
19.757 -155.533 1,990
-5.827 -35.901 400
-27.127 -109.334 110
14.970 -23.608 387
-15.959 -5.746 537
18.109 -66.150 420
-41.309 174.704 120
40.636 -77.888 270
-32.380 20.812 1,770
2.045 -157.446 20
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Fig. 2. Station distribution used for teleseismic waveform inversion
of the 2014 Chile earthquake.
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o whe} ¥ —ﬂ% Wit e Ego R vt 2 A
ToME= WS FA 07 360° WO R PSAS T B
EAA %WEM o AR M2 o 548 e
24 Ak Aate] AE =E 3 TH(Fig. 2, Table 1). #4°

AREEL FE ARSATATA A EESE 19.64°W,
) A AR5 F AxleyA17t &
W8] ZFEES 150%9] o} AR E o] &siqinh. 121 A
7551( = 7H AL #3320 s A
Hol| Tdsl= Pyl Al oS3 Jeffreys-Bullen & =73
2 (Jeffreys and Bullen, 1958)% A gsto] dSoA TS
27HA] stk o] & AR S Attt ks 918l
15 km x 20 km =719] 507 ATF o2 FAHEE GTHS
7H381itt. Fig. 3+ At A3 Yehd=t], o714 M=
Fs 0= WEE T oux|Ql AREHES|H izl A
FARAES} FReke] IAAE Fall RHAEEMw)’t 8.0
o7 FAHQYE He 9710, var(variance)= =337}
o2 1] eAFE sk gholth. xlzlol= A
AEAFATA oA L3 20 kmE Z7]FO0E A4S &
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Fig. 3. Slip distribution and waveform fit of the 2014 Chile earthquake. The contour lines and arrows present slip distribution and slip vector.
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g3t TR A 7He] S AL flsiAE Okada
(19857} g ARgH =], AR TR E 8l AR
A A7¢} Okada -5 o]g-ste] 5ol wE sfAw
oA e FAMSE Tt A7 s el vla)] =2
Zrel] BEAYste] S| Aol A o] 7] WI7E sllgH Wl el F
atrta 7P e 4= qlom, olE XX 7] 3l
= 2318l Fig. 4a8) Fig. 4b= 242 104 1HE Q] &
A Az} 47 1A 0] 4 ARRE AHSRE wo] ARs|d
Z719kg o2 FHo)utarz) 2+ 1.728 m, 2.146 mO| T},
Fot g mdS o] 83k A e X ne] Atele] H]
fletel  coMCOTolA Alwsh= w5 EHElst
COMCOT w5 s AHg8gitt. o] Re= X9, A%
TR, &5 T AAL 5] A27)9F M 52 A
7S ek 1 LR Wl oSl sl A

o
;
Y & o

=
=

WP, ARES APl 2 AUFY FUS WOR E 830l AW M AN, ol K8 2] 5w
B ol Clo L 2t 205 ERUTA M WAL Hslel AR FARAT UL - Uk Table
%S vehdich, SHIE WS ol 9] il AW 20 COMCOT 93 =l AHgs] 913 A pass
Fo i ol i £FS Holt BEWAT T ALk A8 9F melih FAR ASFATATAL 2
M E & Qlvh ARE el AlAste] Apgoz % (Epicenter)& ©]8-8FaL, o] Btell Z1°](Focal depth), T,
S0 10-30 km Hol7l Fel A b 2 AFS et AL, WAL, TR vRAARAE AR 0|85t A
HIE} A3 Eofel DA o 100k AN BBE RS Sojol T RS9l 1ok el A ik ol
Fo] WE 202 SAHLh Fig 39 ©EEel= B4 AL AQEARRoA 9 5 Lo A7 A F Ak Alzte]
89 7} B BEAGEE A A B A Fo AR AN 5 ek ek A7 34 5
Gz Al xEH] 3loH, %5 9] doje} 3% A 505 Felopsts AT Al o5 A 2~Ee X*%
Z= el tigt A7) o] el 91714 p= 2t g RS ARGRE o)gato] @] A7]e} Welde
HE520] AR BEAE T PIE £ o] §H As Arel = Q)= A4S =16kt Tatehata(1998)7} xﬂoP
Yepdth A9k B Poke] 0] 10% Al 2% skl 7)7%47g 8] st Fsie] Alue] e A1XsY DB 14
= e o] it oF 50% FtelA] XFo] & RS o 7 o= AR A (1)~(3)& o833t o] A2 UAT A
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Table 2. Location of tsunami and fault parameters for COMCOT fault model
Parameter Condition Parameter Condition
Epicenter (Lat., Lon.) 19.64°S, 70.82°W Dislocation 5.012m
Focal depth 33,000 m Strike direction 340°
Length of fault plane 158,489 m Dip angle 14°
Width of fault plane 79,244 m Rake angle 74°
Table 3. Numerical simulation conditions
Case Name Lat. (%) Ax (") Boundary Condition Governing Equation Fault Model
SD (StanDard) -80 ~ 60 10 Cyclic Linear Finite
GS (Grid Size) -80 ~ 50 4 Cyclic Linear Finite
BC (Boundary Condition) -80 ~ 60 10 Radiation Linear Finite
GE (Governing Equation) -80 ~ 60 10 Radiation Nonlinear Finite
EA (Earthquake Analysis) -80 ~ 60 10 Cyclic Linear COMCOT
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Fig. 4. Initial free surface displacement of the 2014 Chile tsunami.

71°W

30

70°W

30

69°W

71°W

T30

70°W

30

69°W

250

200

@
S

=3
(=

250

200

&%
S

=
(=}

Tsunami Height (cm)

Tsunami Height (cm)

Tsunami Height (cm)

@

3)

] 4o](km), W= Z(km),

© —

St AR ARE D o5 AI2~E) A 397
T8 pe W HY(emyE UERAtE  Fig. 4=
COMCOT &5 Rz 73 X 78d 27|98 02 s}

=
i
mE 3 BF 2L fareht 8 vk o

4
& Wgle] BEST YoM A% PFOE R BAE

3.2 K| 2ol Y +=X[2o| =21

TR R AR F7Iste] wt AR e] AQEE Q
2k AIZro] STk R H A of whet AA s FAARE 4
= Zl0] S35t COMCOTS M2 thE 7149 ZAxE
olgsh= T3 ZAAMNested grid) s A3t
COMCOT#} #o] v WS FxHEH 0% Fof 3
7} s sl sARE - 3 AIRE 1A 9] BA A
Q1 CFL %7 (Courant-Friedrichs-Lewy condition)2 73|
of sl 22 FHAR} IHAYFE 2L AR 1S a8t
w], o= FA|RE] AAF AR S7HAIRITE wEbA] iAo
1 Axk Agte] Qs T3 AR} 75 AT A XIS
& o5 Al2Hle] AfelA] btk 2 ATellAE= NOAAS] A]
T=2] ARAE(NGDC, National Geophysical Data
Center)l| A Al3-8= 27HA] 1 (4R, 10:0)2] AT =4
ARE o] &35 TUT 1A 9] AAPEE AREEFITh

Table 3= AAF 114, ZAA 274, Ao 2], b 2o
- zle|E vlashr] flste] e 57 -2 #xIsd
FARS] FHoIth o7|A Cyclic <3 AAX
Radiation> WA} ZAAIZA, Linears A3 g,
Nonlinear:= B3 AW 2], Finite:s 3 &5 24,

2
COMCOTS COMCOT W& 24 vtehdt), o] vlof &=

24

I oX

FE Aak H5o) kS Fuw FoskA skt et
ATt 2+ FHE 13 THFAEAS AM-g o CFL 2
A8 sl AIZF 707 125 ARSI

3.3 X[Z6HY 25 K=

=
AL AR At A5} sl ] £15191 NOAA
o] Al =g 7t % Bel NOAAT| o] B -0 AlE| (NDBC,

Table 4. Common numerical simulation conditions

Parameter Condition
Total run time 40 hours
Time interval to save data 1 hour

Cheioht + . .
Output option Tsunami height + Maximum height

+ Timeseries
Coordinate system Spherical
Time step 1 second
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Fig. 5. Maximum tsunami height with tsunami travel map for (a) Case SD, (b) Case BC, and (c) Case GE. Red squares, yellow circles and
red triangle indicate locations of DART buoys, tide stations and Cape Town, Republic of South Africa, respectively.
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Fig. 7. A scatter plot of the measured arrival times and the calcu-
lated arrival times.
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Table S. Statistical parameters of tsunami arrival time

Case RM.SE M‘.\E

(min) (min)
SD, BC  35.5244  26.5998 0.9971
Total GS 65.6794  35.0949 0.9880
GE 37.8087  27.4584 0.9967
EA 479096  37.8504 0.9970
SD, BC  23.7411 16.0550 0.9734
Arrival time GS 219309  15.0142 0.9759
<300 min GE 23.5195 15.6000 0.9726
EA 30.1580  22.1358 0.9678
SD, BC 389349  30.4342 0.9828
Arrival time GS 755482 423970 0.9295
>500 min GE 418111 31.7706 0.9798
EA 529080  43.5648 0.9837
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