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Abstract

The 2006 dual Ping-tung earthquakes highlighted the potential tsunami hazard from Manila trench.
Lessons learned from the 2004 Aceh-Andaman tsunami, one shali understand the worst-case scenario in
advance. In this siudy, we created a hypothetical earthquake tsunami scenario along the Manila trench
based on the faults parameters issued by USGS and Harvard CMT. The magnitude of the scenario
earthquake is Mw = 9.35. The total fault tength is 990 km. The maximum initial free-surface height is 9.3
m. The profile is provided in this paper. An open source code, COMCOT, is adopted to perform the
simulation for the tsunami propagation, runup, and inundatior: around Taiwan.

The result shows that the maximum wave height is about 11 m in southern Taiwan. Because of the
edge wave effect, the southwest coast of Taiwan has a serious flooding. The tsunami inundation is able to
reach 8.5 ki inlandward. Due to the refraction effect, 8 m wave height is observed in the northeast coast
of Taiwan. The detailed tsunami behavior around Taiwan is described in the context.
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1. Introduction

The Southem-west (SW) Taiwan has been
considered as a region of tectonic escape because of
infrequent intense seismic activities (Lacombe et al.,
2001). However, the SW Taiwan is not immune to the
attacks of large earthquakes. One picce of the evidence is
the Ping-tung dual earthquakes on 26 December 2006.
Two Mw = 7.0 offshore earthquakes with 8 minutes
offset along with the 40 cm tsunami record highlighted
the potential tsunami hazard on SW Taiwan coast,

Motivated by the Ping-tung dual earthquakes, we
wish to usderstand the potential devastating tsunami
event and the hazard to Taiwan. The cpicenters of 2006
dual Ping-tang earthquakes is located at the north end of
Manila (Luzon) trench, where the Euwrasian plate is
actively subducting eastward underncath the Luzon
volcanic arc on the Philippine Sea plate. The
east-dipping is initiated in the Miocene (22-25 Ma) and
remains active to the present day (Yumul et al,, 2003;
Queano et al, 2007). Recently, the USGS assessed
Manila trench as a high risk zone to be a tsunami source.
USGS Tsunami Sources Workshop 2006 further
indentified six hypothetical fault planes based on the
trench azimuth and the fault geometries (Table 1 and
Figure LA).

To study the potential devastating hazard in SW
Taiwan, the historical tsunami might be able to provide
useful  information. The 2004 Sumatra-Andaman
earthquake and Indian Qcean tsunami is one notorious
reference (Titov et al., 2005; Choi et al., 2005). With a
similar length 0 the [,500 km Aceh-Andaman
Megathrust, the subduction thrust under Manila Trench
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which has accumulated strain over a 440-year period
could become another Megathrust.

In this study, we referred to the three largest
carthquakes in history, Harvard CMT database, as well
as the fault parameters issued by USGS, to create the
worst-case scenario on the Tsunami Trench and fo study
the hazard on SW Taiwan. A numerical approach is
adopted. The tsunami initial condition, maximum wave
height, arrival time, wave period, and tsunami behavior
in Taiwan water area is addressed and discussed.

Figure 1A: Fault distriputation along Manila Trench.
(Map provided by USGS)



Table |, Hypothetical Fault Planes aiong Manila Trench
issued by USGS

Table 3. The earthquake parameters of Manila Fault

Fault Lon Lat Length | Stiike Dip Rake
E1 1208° | 202 | 160km 10 10 90
E2 119.8 187 | 180km a5 20 90
£3 119.3 17 240km | 358 28 90
E4 119.2 15.1 | 170km 3 20 a0
ES 1196 13.7 | 140km | 320 22 90
£8 1205 129 | 100km | 283 26 90

2. Fault parameters of Manila Megathrust

To characterize hypothetical fault planes along the
Manila Megathrust, the historical largest tsunami
carthquakes are referred. Table 2 showes the carthquake
parameters of the three largest tsunami earthquakes. All
three earthquakes have similar length varying from 740

to 1300 km, and similar width varying from 200 to 300

km. The earthguake magnitude ranged from Mw = 9.0 to
9.5. Using ali of the information and referring to the fault
geometry, a set of hypothetical fault of Manila
Megathrust is nailed down (Table 3).

Table 2. Earthquake paramecters of the three largest
tsunami earthquakes

- Lo | Wiah |1 Focal Depih | Muxiam water
becation| ekt | s (1.\‘;: kot | gy (& m);-"n Fesigh {mn)
Chils (74505 WE {41 My No data b} 5
Alska | CI4756000 | 82 | Sahi90 | 300 | a2 1 a7
Surembn (U5.9%,3,3) o 13040} 20Hy 24 i S
(Erata source: Catalop of Tsunamis in the Pactfie Ocean, and Harvard CMT)

After identifying the earthquake parameters, the
detailed fault parameters, such as the strike, dip, and rake
angles of each fault scgment. We adopted the fault
parameters from the 2006 Tsunami Source Workshop
which divided the Manila Trench into 6 segments. The
adopted parameters are the epicenters, fength, dip angle,
and rake angle. The width is determined on Table 3. The
Strike angle is referred to Harvard CMT record. The
parameters used in this paper are shown on Table 4 and
Figure 1Brio o S

U

Figue 1B: Fault distriputation l{mg Maniia Trench used
in present study.
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The worst-case scenario is then created based on
the parameters on Table 4. The tectonic movement is
calcutated based on the elastic dislocation theory
proposed by Manshinha and SmyHe (1971). We then
followed the conventional approach to performing
hydrodynamic simulation using the static deformation
field as the initial condition. The approach is validated
by the general rule that seismic rupture is much faster
than water wave propagation. The initial free-surface
profile is shown in Figure 2.

Table 4. The hypothetical fault parameters of Manila
Trench

Fok | Longiude | Lattode Lenigh Width  [Dskcation|  Depthe Strike by Rake
{km3) tham ) (k) | {degeed § ideprred § (depreed
t 1205 02 16 00 20 <} REE) 10 S
2 1198 187 18 200 20 4 22 20 o0
3 1143 7 248 Rt an 40 2 28 S0
4 [BEM 5.1 170 200 20 4 356 20 Gk
5 L1 117 140 200 20 40 134 22 kil
6 F20.5 il0 100 200 20 40 Ex)) 26 ey

The maximum initial wave height is about 9.3 m
(Figure 2, cross-section 2). For the fault 1 (Figure iB),
which is closest to Taiwan, the maximum initial wave
height is about 8.1 m (Figure 2, cross-section 1).
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Figure 2: Initial free-surface profile {upper) and three
cross-section profiles (lower)}

3. Tsunami Propagation Model

The numerical approach is adopted in this study.
The well validated open source code, COMCOT (Cornell
Mualti-grid Coupted Tsunami Model), is chosen to
perform the whole simulation. The COMCOT model has
been used to investigate tsunami events, such as the 1992
Flores Islands (Indonesia) tsunami (Liu et al., 1994; Liu
et al., 1995), the 2003 Algeria Tsunami {Wang and Liu,
2005) and more recently the 2004 Indian Ocean tsunami
(Wang and Liw, 2006). The COMCOT modei is capable
of solving both linear and nonlinear shellow water
equations {(SWE) on spherical and Cartesian coordinate
systems. The nested grid is able to provide tsunami
information at both the large scale deep-water region and
small scale near-shore coastal region. COMCOT also
provides the moving boundary algorithm to simulate the
tsunami inundation (Wang and Liu 2006). The lincar
SWE which considers the Coriolis force is shown in
Eguation (1) and (2):
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where: x N y are the horizontal coordinates,

1 is the free-surface displacement,
H =n+# is the total water depth,

h s the still water depth,

P=Hu, Q=Hv are the horizontal
volume discharges,

g isgravity, ¢ istime,

f is the Coriclis coefficient.

The nonlingar SWE which considers the bottom

friction is shown in Equation {3} and (4)

Qﬂ]_ Lor aP Fi’() -0 3

py

ot (?x oy

2 Al p P
£+i L —(—{—(: +gH———+2' =0
o éx a ()

H
P9, Q _
ot c'?x H c,y 4

where 7, are the bottom frictions.

and T,

The bottom friction comes form Manning’s formula and
is cxprcsscd as:

= (P g) = o)t O

In this paper, the linear spherical SWE model is
used to simulate the distance tsunami away from Taiwan,
and the nonlinear Cartesian SWE with bottom friction is
used to simulate the near-field tsunami.

4. Bathymetry and Grid Setup

To simulate both far-field and near-field tsunami
propagation, 4 grid layers are adopted and referred as
Grid 1, 2, 3A, and 3B (Figure 3). The grid information as
well as the governing equations are shown on Table 5.
Grid 3A and 3B are set at the SW Taiwan to study the
tsunami amplification and runup.
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Figure 3: Computational domain and nested grids.

Table 5. The grid information of 4 gird layers.

G 1 Croid 2 Grid 34 Cirid 38
Coordite Spherical Cartesin Cartesin Casrtesiin
Governing Fquation | Linear SWE | Liear SWE Notlinear SWE | Nonlinear SWE
Girid size 2 min i min 7.5 see 7.5 su¢
Use bottom feiciton No No Yes Yes
ATES et
Manziig’s roughress Nowe None 0.03 003
coelicin
el merbes b v 660 ag0 128 uR
direction
Celmmbori Y 90 540 104 400
direction
Cell Nunber 435400 259200 13312 131260

Tatal Cell Number 839112




5. Resuits and Discussion

To study the tsunami characteristics in Taiwan,
several virtual wave gauges are installed. Figure 4 shows
the virtwal gauge location and the time-history
free-surface clevation. Time zero denotes the instant
when rupture at the Manila Trench occurs. It takes about
20 minutes for the first wave to arrive Kenting, a famous
tour spot in Taiwan. The wave period is about 25 minutes
at wg 3A 2 and wg_3A_3, and about 20 minutes at
wg_3A_1. Dae to the shallow water depth, a longer wave
period is found at wg_3A_4. The maximum wave height
is recorded at wg 3A_3, where the largest towrist
popuiation is located, At wg 3A_3, the first peak occurs
at time = 23 minutes with wave height about 5 m. The
maximum wave height happened at time = 40 minutes
with wave height 11 m.
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Figure 4. The virtual gauge location on Grid 3A and
time-history free-surface elevation.

Figure 3 shows the virtual gauge results on Grid 3B.
The leading wave height is 4 m at wg 3B 3 where
Kao-hsung, the second largest city in Taiwan, is located.
Because of the shallow water on the west coast of
Taiwan, the period of tsunami wave becomes long. The
wave period variation can be observed from wg 3B | to
wg_3B 4. The wave period varies from 25 minutes at
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height of all four gauges is about 4 m. The edge wave
cffect is obvious at wg 3B 1. The wave amplitude
osciltates up-and-down for 2 hours. The maximum wave
height eccurs at time = 140 minutes.
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Figure 5. The virtual gauge location on Grid 3B and
time-history free-surface elevation.

Figure 6 shows the maximum free-surface elevation
and inundation area on Grid 3A, 3B, and 2. The map of
free-surface elevation reveals the energy distribution and
tsunami inundation. The map also indicates the
dimension of the tsunami hazard. The tsunami hazard is
significant at SW Taiwan. The inundation distance is
about 0.3 km at Houbihu and | km at Ocean Museum
(Figure 6A). Scrious inundation with 8.5 km distance
(Figure 6B) can be seen in Tungkang, 2 km in
Kao-hstung, and 4 km in Tan-nan (Figure 6B). Another
serious flooding area is tocated in I-lan city (Figure 6C).
Because of the cliff bathymetry on the east coast of
Taiwan, the tsunami waves are able to travel northward
with little energy losses. The northward propagating
waves then concentrates in 1-lan city due to the shallow
and mild bathymetry. The simulation result shows that
the wave height reaches 8 m in I-lar city.



or dock. The damage could cause the suspension of the
harbor operation. The near-shore current speed induced
by tsunami cvent is shown in Figure 7. The speed is at
the range of | m/s, or 36 knvhr.
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Figure 7. The velocity distribution at SW Taiwan. The
color bar denotes the magnitude of the velocity vector.

6. Conclusion

1202 420

longitude
Figure 6B. Maximum free-surface elevation and From the hazard mitigation point of view, we shall
inundation area on Grid 3B, clearly understand the potential devastating tsunami
hazard. In this study, we created a worst-case scenario of
time = 13770 sec

tsunami earthquake excited by Manila Megathrust. The
fault parameters are referred to the data issued by USGS,
historical tsunamis, and Harvard CMT. The earthquake
magnitude, Mw, is 9.35. The Total length of the Manila
Megathrust is 990 km which is very close to the 2004
Sumatra-Andaman earthquake.

The initial tsunami profile was provided. The
maximum initial wave height was 9.3 m (Figure 2). The
tsunami propagation, runup, and inundation were studied
numerically by COMCOT open source code. We focused
the discussion on the Taiwan coastal region. The tsunami
behavior around Taiwan is described carefully. In
southwest Taiwan, the tsunami hazard is mainly caused
by the edge wave effect, The maximum wave height is
Il m recorded at the wave gauge wg 3A_3 (Hobihu)
(Figure 4). The wave height along SW Taiwan varies
from 4 m to 10 m (Figure 5). Serious inundation is
observed in Tungkung, Kao-hsiung, and Tai-nan (Figure
6B). The tsunarmi wave also attacked [-lan city in the
northeast of Taiwan. The wave height was able to reach 8
m. It might be concluded that the tsunami hazard from
Manila Megathrust is devastating in Tatwan, especially
to the seuthwest and northeast coasts.
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Figure 6C. Maximum free-surface clevation on Grid 2.

The current generated by tsunami could cause the
ship to break away from the mooring. The resulting
damage is ship oscillation, and collisien with other ship
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