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Abstract

This year is the last stage of the tsunami project and the complete report is provided. There are three
parts in this report. First part is the collection of the tsunami data, the historical records of tsunami events,
the relationship of tsunami and earthquake, the fault distribution near Taiwan and the information of
Circum-Pacific seismic zone. Simulation of tsunami scenario and modification of the numerical model
are the second part. Applying possible earthquake sources and history records numerically simulate the
huge tsunami induced the influences for the harbors of Taiwan. The last part is using the reciprocal
Green’s function to build a tsunami database and a tsunami early warning system. This system is helpful
to quickly determine the maximum wave height and the arrival time after the tsunami occurs, so that
these information can be provided to harbor companies.

Chapter 1 gives an introduction of this project, a list of working terms and expected benefit. Chapter 2
explains the relationship between tsunami and earthquake parameters. Chapter 3 is the theory and the
setup of numerical tsunami simulation. The wave height and velocity of each harbor are given with
extreme scenarios. Besides, the simulation of Kaohsiung Harbor/ City inundation is executed. Theories
and verifications of the reciprocal Green’s function are shown in chapter 4. The flowchart and the design
of a tsunami early warning system are discussed in chapter 5. Finally, the conclusion and suggestions for
future research are given in the last chapter.
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1687/10/20 Peru 5000 8.5
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Parameter Fault plane-1 Fault plane-2 Fault plane-3
Length of fault 330.0 km 570.0 km 300.0 km
Width of fault 150.0 km 150.0 km 150.0 km
Strike angle (@) 30.0° 45.0° 20.0°
Slip angle (1) 290.0° 290.0° 290.0°
Dip angle (&) 165.0° 165.0° 165.0°
Displacement (d) 11.0 m 11.0 m 11.0 m
Focal depth (D) 7.0 km 7.0 km 7.0 km
Coor;igdrt‘a‘t’ign 115.00°E/10.00°N | 115.00°E/10.00°N | 115.00°E/10.00°N
Location of 154.50°E/47.50°N | 147.20°E/44.00°N | 145.00°E/41.50°N
epicenter
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2 34 LRAZECIABRF|ZPE (B2 ¥ RELAPFTLY > EARPRELF)
¥ RAE Ar(ABECimoinEE =i misy BFRFE =5 min)
BREB o — ,
A Arep | AaB | EY B | FREE | T TR | KER | BB | BMiaE
Y R () 1(170) 2.2(70) 1.5(60)
! 8.7
& i () 3(220) 0.18(110) 2(90)
B () 3(300) | 2.75(90)
AGIE AN 7.5
ik ()
% () 2.2(40)
:‘ "‘”‘55 € % 83
L i (P R) 2.6(75)
T, % () | 0.8(250) 0.4(120)
9.0
h g (PR 2.2(250)
TN 00 R () 0.2(330) 0.22(340)
¥R i () 0.32(350) 0.48(340)
A% () | 0.13(360)
ok 9.0
ik (PFR) 0.25(360)
% () 0.8(255)
I NN 9.2
TR paEm) | | 2ess) | -
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P A-FprR oy 2 AP EEEYERNE BT A
BB 1AL LEFFE 1 COmell Multigrid COupled Tsunami
model(COMCOT) 54 1T 5 ¥ - #dg1 & o A& 5 4 55 s icE i3t
COMCOT2zZ_ 4p B 7234 ©

331 m# i 4

NORAEA I AR VTR EFZ AR RFRRFA =2 0 - 4d #f
$7 % #ic (dispersion coefficient) u=h /[ Rk & B ¥ h Z-kiF 1 52 k& -
FORFARE R E 5 u<1/200 P 5 X kg F p> 1720 B 5 F KL (deep
water wave) e @ AR AL EP ISR R 0 FIR TR R oRAIEHR K
ot BEH ) 0 ML R A Ry kA AN 0 ¥ Lin ¥4
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oP o | P’ PO 96 _
8t+8x{ }_ﬁy[ }_gH@x fO+7 . H=0 (3.2)
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P RIVEERIE T 8 % Chezy's formula & Manning's formula % e
2 B GRS

N S Y O ey X

Jt N

S g P(P2+Q2)1/2’

T}’ CZ H3
2 2

TXZ%P(PZ+Q2)”2’ Ty:%Q(P2+Q2)NZ (3-5)

¢ enC, &5t Chezy B#8c > o n & Manning 4p $42 & 7%

B v E MR R R E BRIV G e ke R OB

332 #KE 2R iE

ﬁ%&%ﬁﬁﬂ’#E%*éﬂ?%@ﬁﬁﬂﬂ%wgﬁ
et 2 (leap-frog scheme) ki& & pd® » & 7 0 g5 e 65 :F
BT A T A AR PR > NT R A R E B R iR .

332.17% LA

Liu et al. (1998)% Cho (1995) & -4 3% -kt = 425 (3.1) 3 (3.3)
¢ S (linear term) M P & £ A E K RAMATEID 5 @ LA I

7 (nonlinear convective term) RF|4]* *+ Bk ;2 (upwind scheme) X a3t

» HagErst 2
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i(%}:#[ﬂ 1 (P ;1+n3/2’ j)z +A 12(P ?;1/2, j)z +A13 w] (3-6)

0x Ax i+3/2, j H i+1/2, j i-1/2, j

PO)" ) P " ‘ P " )
i(PQ):L /121( Q3l+1/2,j+l +/122( Qn)z+1/2,/ +/123( Qn)l+l/2,jl (3.7)
6y H Ay H i+1/2,7+1 i+1/2,) i+1/2,j-1

n

i(P j 1 ZSI(PQ)H-IJH/Z +/132(PQ”)1',1'+1/2 +/133(PQn)i—l,j+l/2] (3.8)

Ax H"

i+1,7+1/2 i,j+1/2 i—-1,j+1/2

J_ 1 /141(Q;1j+3/2)2+/142(Q;'1;1j+1/2)2+ﬂ43 (Q?,j—l/2)2:| (3.9)

A n n
y Hz j+3/2 H i, j+1/2 H i, j-1/2

P cnthlic A B T A eniE i kol

An=0, Ae=1, Ans=-1, if P/, , >0
An=1, Aw=-1, An=0, if P!, <0
An=0, An=1, An=-1, if 0,20
An=1, An=-1, An=0, if 07,, <0
An=0, An=1, An=-1, if P"  ,20

i,j+1/2 =

An=1, An=-1, An=0, if Pl ,<0

_/141=0, Aa=1, Aaw=-1, if Q1,+1/2—
Aa=1, Aao=-1, As=0, if Qi,j+l/2<0

Hod oo RICEEEIFGE A AN G

n+l n
(Pz+l/2]+Pz+l/2] )

TyH:Vy(Q?leﬂ/z*‘Qz /+1/2) (310)
Fsve v % Chezy's formula (B %58 %
vx:% £ 2 [(P?H/z,j)2+(Q?+1/2,j)2]1/2

CJZ" (H t"'+1/2~./')

: [(P?/+1/2)2+(Q;’,j+1/2)2]1/2
C}(H?,jﬂ/z)

t Manning's formula B %35 P 4
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1/2

n
i+1/2, )

2
szé( . )7 [(Pra )+ (001)2]

Vy=

2
%% [(P?,j+1/2)2+ (Q?,j+l/2)2]1/2

i, j+1/2
Bots o BB RN SE LA AT AN AT S

n+l1/2 n-1/2
:i,j :é/i,j — Ix (P:’+l/2,j7P:l—1/2,_/)_ry(Q?,jJrl/Z_Q:l,_j—l/Z

nel 1 n nel/2 nel/2 nel/2
Pi+1/2,j_l+vat [(I_VXAt) ]P i+1/2,j_rxgHi+1/2,j (§i+1,j RN, )
2 Pn 2 Pn 2
Vx (PI'1+3/2 ) ( i+1/2 ) ( i~1/2 )
- Au ln Tl Q! 4 A i
1+ v At H n . n .
i+3/2,j i+1/2,j i-1/2,j
ry (PQ) ;7+1/2,j+1 (PQ)?H/z,j (PQ)§1+1/2,‘,‘—1
—— AT 4 A +A»
1+VxAl H n n n
i+1/2, j+1 i+1/2, i+1/2,j-1

a1 [ B n _ n+l/2 ( w2 n+l/2 )]
Qi’j+1/2_—l+vyAt (1 vyAt)Qi,j+l/2 rngi,j+1/2 Sijr1 — S

_1 ’;xAt 2,31(PQ) 1,'l+1,j+l/2 4w (PQ)f',jﬂ/z A (PQ) 1,'l—l,j+1/2
+Vy

n n n
i+, j+1/2 i,j+1/2 i—1,j+1/2

(Qijesn) ,  (Qijun)® ) (@)

n n n
i,j+3/2 i, j+1/2 i,j-1/2

Aal

__rr
1+VyAt

HY o =At/Ax > r,=At/Ay > it 2 VR

T~
i+1/2,j i+1,j

Hn+l/2 :l(H’;‘f]/z-FH n+1/2)
2 v

i, j+1/2 i, j+1

H n+1/2 _l(H n+1/2+H n+1/2)
: 2 ij

1
n _ n-1/2 n+1/2 n-1/2 n+1/2
i+1/2,j_Z Hi,j +Hi,j +Hi+l,j +Hi+1,j
1( y 7 )

n _ n-1/2 n+1/2 n-1/2 n+1/2
Hi,j+1/2_z Hi,j +Hi,j +H[,j+1+Hi,j+l
P’ 1 (P” +P7 +P7 +P7

i,j+1/2_4 i-1/2,) i-1/2,j+1 i+1/2,) i+1/2, j+1

1
Q?+1/2,j:Z(Q:l,j—l/Z+Q7+1,j—1/2+Q?,j+1/2+Q?+1,j+1/2 )
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B O P A R D B RETE (A0 A 3657 ) Rk A RRE B

e R R B WA BRSBTS 6 B

o £102°0 3.

& ETOPO2:w /3 2558 » {05 e L #icP 5 451%451 ©

e

% 3.6 8 I~ AR SR L

B RE R LT~

#6.66007°~4" 523.3334° » H-KiF 2540 B]3.4247 T

Parameter Fault plane-1 Fault plane-2 Fault plane-3
Length of fault 330.0 km 570.0 km 300.0 km
Width of fault 150.0 km 150.0 km 150.0 km

Strike angle () 329.0° 340.0° 5.0°
Slip angle (1) 15.0° 15.0° 15.0°
Dip angle (&) 110.0° 110.0° 110.0°
Displacement (d) 11.0 m 11.0 m 11.0 m
Focal depth (D) 7.0 km 7.0 km 7.0 km
Coon:i[:?lij?a?i]:)n 72.00°E/-6.66.00°S | 72.00°E/-6.66.00°S | 72.00°E/-6.66.00°S
Location of 95.75°E/2.50°N | 94.00°E/5.00°N | 92.00°E/10.00°N
epicenter
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Fl R ok SR B ) F]E AT A RN KR M e o B 6
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B 345 s a2 A~4o L 8 % AW
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Surface Elevation (m) Time =0min

85 80
Longitude °E

(a) 7% B 4 ps

Surface Elevation (m) Time =50min

75 80 a5 a0 a5 100
Longitude °E

(b) w5 4 13 50 &
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Surface Elevation (m) Time =150min

75 80 85 a0 95 100
Longitude “E

(C) # b5 4 15 150 A

Surface Elevation (m) Time =250min

75 80 85 90 95 100
Longitude °E

(d) &z 4 15 250 &~
W 3.46 = I /4 v B L]

3-49



-5 \ \ \ I I \ I
0 50 100 150 200 250 300 350 400

2 | |
0 50 100 150 200 250 300 350 400
2 T
— Colombo
0 =
-2 L L L L | | |
0 50 100 150 200 250 300 350 400

Water Surface Elevation

2 T T T T

_2 | | | | | | |
0 50 100 150 200 250 300 350 400
Time (min)

Water Level (m)
1w

W 3.47 ?ﬁl%{ S ST IGH LR B A BRI

=+
4
B I AR KR R

Bl 3.48a)~(D % 7 & &

TR AE Tie =Oemin
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FiHuE Time =100min & Time =150min

Latbade "N

Latitude "N

(e) P& BF=200 4 (f) P& =250 A
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(AR ey ’Lfifr)%ii E.

4.7)
(1994) 2_ ‘5 o582+

AR Y o F* Welletal
EEEERZE AR
log(L)=a, +b xM, (4.8)
logW)=a,+b,xM, (4.9)
B M, B3 RERl LESEELER WESETR a b -a-
b, gk e RRETE A HAT BRERZTAL R ER
“E 2 3% (Hanks et al,1979) % ¥ 12 (8 ) T 2% 4% &
MW=§10g10M0—10.7 (4.10)
M, = (WDL (4.11)
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B 22k b RIE SOmenT _Bhs(B] 4.5) 0 TP LA KR R ImF &Rk RikE
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% 51 B RPAEIBBF ek 28K S8k
(3 % B Megawati et al., 2009)

No. |Strike(degree)| Dip(degree) |Slip(degree)| Depth(km) |Length(km)|Width(km)
1 324.46 21.78 90 7.5 4041 19.3
2 325.2 11.26 90 7.5 54.19 38.68
3 318.66 6.55 90 7.5 54.09 66.93
4 3324 5.79 90 7.5 54 75.68
5 0.26 6.47 90 7.5 53.89 67.52
6 7.39 11.5 90 7.5 80.59 37.51
7 5.85 10.01 90 7.5 53.56 43.13
8 355.99 8.46 90 7.5 53.43 51.06
9 358.34 7.18 90 7.5 53.28 60.09
10 2.5 6.16 90 7.5 53.14 69.93
11 16.26 6.52 90 7.5 52.99 65.93
12 40.34 5.93 90 7.5 105.57 72.15
13 35.93 5.36 90 7.5 52.6 79.67
14 21.46 5.7 90 7.5 78.62 74.61
15 352.23 3.28 90 7.5 78.24 129.36
16 332.43 6.25 90 7.5 103.81 67.36
17 339.52 7.62 90 7.5 51.68 54.86
18 341.26 9.89 90 7.5 46.82 41.97
19 326.63 28.87 90 35 375 37.27
20 351.15 25.45 90 35 54.14 43.11
21 3335 30.86 90 35 134.88 34.22
22 357.94 20.98 90 35 53.76 53.11
23 11.3 24.22 90 35 133.84 45.09
24 9.3 18.22 90 35 53.29 61.36
25 10.9 15.85 90 35 53.15 70.96
26 47.78 12.76 90 35 105.9 88.63
27 30.91 14.73 90 35 131.68 75.92
28 37.06 16.31 90 35 52.41 67.88
29 24.75 23.79 90 35 104.39 44.85
30 302.02 31.89 90 35 51.99 31.66
31 340.64 19.63 90 35 103.67 55.05
32 320.54 16.07 90 35 77.33 67.83
33 326.04 24.96 90 35 21.26 41.86
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science Jar achanging world

Earthquake Hazards Program

EARTHQUAKES

Research Projects

Borehole Geophysics
and Rock Mechanics

Earthguake Geology
and Palecseismelogy

Regional & Whole-Earth
Structure

Strong-motion
Seismology, Site
Response & Ground
Motion

Scientific Data

Earthquake Catalogs &
Data - CSV/ GIS / KML

Earthguake Catalogs -
Lists

Earthquake Catalogs -
NEIC via FTP

Earthquake Catalogs -
Searchable

Global & National Dats
Regional Data
Software to Download

External Research
Support

USGS Home
Contact USGS

Search USGS

Home About Us Contact Us

HAZARDS LEARN PREPARE MONITORING RESEARCH

Current USGS Fast Moment Tensor Solutions

ICI\ck on an Earthquake for more Information.

USGS Fast Moment Tensor Solutions

() Shallow (0-70 km} @ Intermediate {71-300 km)

@ Deep (501-700 kmj

@20101’011’18 16:09:20.75 SANTA CRUZ ISLANDS MW 5.7
2010/01/18 15:40:30.41 GUATEMALA MW 5.8
2010/01/18 08:41:07 NEW MEXICO MW 3.8

@2010!01!18 01:02:21.21 KURIL ISLANDS MW 5.6 =]

NEIC 2 3 2
e RPN R S
S 119 B~123 B > A4 21 B~26 B)3EY ¢ L F %A

B 5.14 £ B USGS TH#HE

1] v fed 5ok
ﬂﬁi;%%wﬁﬁ\

THEGAr BEL LY
+r'/% L%/‘*i)“ #ﬁli

A\

(http://cwbsnbb.cwb.gov.tw/CMT/quick/quick.ntm] > 4-B] 5.15 #77x) >

(]L_f"ﬁ;;“f)/w\
Bl 5.16-] 5.17 % g3 /5 rp7p & § SLz

SV EEFAAMA L BB BB NEIC 2
BT P o
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Quick CMT Reports:

ecent Qcmt Distribution In Taiwan
Subscribe Cuick CMT|
Date Time(UT) || Lat. || Lon. || Dep. | Mw [ Strike Dip Slip Misfit CMT Detail
Trace
s 18.00 216 29 135 Map
2010-11-10] 9:36:58.70 || 22.87 |[L21.26 18 370 24 63 0 0.504 @ =
Solution
Trace
o 9.80 96 71 1 Map
2010-11-09]18:30:52.90 || 24.55 |[121.82, 15 3770 6 89 161 0.581 @ —
Solution
Trace
. 1990 337 42 37 Map
2010-11-08|( 13: 1:21.30 | 23.22 [[L20.41 17 4.50 o8 67 1% 0.584 @ e
Solution
Trace
s 57.30 127 B4 23 Map
2010-11-06] 0:22:6.50 (|24.04 |[121.93 59 340 o 60 52 0651 @ e
Solution
Trace
N 42.20 257 23 153 Map
2010-11-04)(18:22:25.50 | 22.05 |[L21.61 iz 360 11 75 0 0712 @ =
Solution
W515 7 & F % & b2 wpEm R
IE 4 24 > . - > s - - 144 , N -
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s S B e . L1 24, , K E B sz S e
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®However, the length and width of fault are unknown. In this present.
the experiential formula obtained Well. et al. (1994) are used to estimate the
length and width via the earthquake moment scale.

* log(L)=a,+b = M,

log(Fl=a, +h =M

W

®Then, the average dislocation 1s determined via the formula
obtained by Hanks et al.(1979)

M, = uWDL

When the length, width and dislocation are obtained, the initial

displacement can be estimated.

w7 b
® i% b ity 2t (Green’s function) = 41, 2 SWE= 38 A2 » 32 & & bt
KA B AL
® b B B A SR & S f HAE MR T i 44 (Loomis, 1979)
®Shuto (1991) : A AERNSONR = 8 » G f{FETH —4
P AT B h Al

43 RerfbhEffs RS T
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