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Abstract: This paper investigates the potential extreme tsunami hazards of the worst case scenario of the magnitude M, =9.30 in

South China Sea (SCS) as the Manila Trench is becoming one of the most hazardous tsunami source regions. Using nonlinear
shallow water equations model, the time series of surface elevation, arrival time, spatial distributions of maximum wave amplitude
and velocity distribution are presented. The characteristics of wave and currents are analyzed. The numerical results indicate that
most of the energy of tsunami wave distributes in central and north part of SCS. The offshore regions around SCS will be influenced
significantly by the tsunami currents generated by an earthquake in the Manila subduction zone. The maximum wave amplitude near
Guangdong Province, Hainan Island, and Taiwan Island exceeds 4 m and velocities at the majority of measured locations near coast
exceeds 2 m/s. Nested grid with high resolution is used to study the impacts of the tsunami on Hainan Island, Taiwan Island, and
Lingding Bay. The regions with high hazard risk due to strong currents are identified. Finally, a fast tsunami warning method in SCS
is developed and discussed, which can provide tsunami warning information in 5 min.
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Introduction

Two extreme tsunamis have produced devastating
damage around the Indian and Pacific Oceans over the
last decade. The 2004 Indian Ocean tsunami, which
generated from north of Sumatra of Indonesia, attacked
many countries around Indian Ocean (India,
Bangladesh, Indonesia, Thailand, Sri Lanka, etc.), and
led to death of more than 200 000 people!'. The 2011
Tohoku tsunami brought huge damage to Japan, with
a death toll of 15 000 or higher and extensive coastal
infrastructure damages, such as Sendai Airport and
Fukushima Daiichi nuclear power plant®™>. The past
extreme tsunami events become the motivation for the
investigation on the extreme tsunami hazards in South
China Sea (SCS), as the Manila subduction zone is
becoming the most hazardous tsunami source re-
gion!®”,

Currently, most researchers adopted the shallow
water equations or Boussinesq equations to simulate
the tsunami propagation. The main difference of the
two kinds of numerical models is that the Boussinesq
model can reproduce the dispersion effects of the tsu-
nami, because the dispersion effects can play a signifi-
cant role for long distance propagation of co-seismic
tsunami, smaller scale earthquake tsunami, or land-
slide-induced tsunami'™”. Kirby et al.”’ and Grilli et
al.l!" reported that the dispersion effects in the 2011
Tohoku tsunami became significant when it propaga-
ted across Pacific Ocean. Zhao et al.'! and Ren et

[12] . . . .

al."~ carried out numerical experiments on the disper-
sion effects of tsunami wave in SCS by the
Boussinesq equations''). Through numerical simu-
lation by one-dimensional Boussinesq equations, Zhao
et all”’! reported that the initial N - shape tsunami
waves could evolve into long wave trains, undular
bores or solitons near the coastal area owing to long
distance propagation over the continent shelf of SCS.
Matsuyama et all" did an experiment on tsunami
wave fission in a large wave flume. Tissier et al.l’?!
reproduced tsunami-like undular bores in coastal
region using a Boussinesq model. Even though the
different wave patterns should be considered to study
the runup and effects of tsunami on coastal structu-
res[16], it is acknowledged that, for the worst case sce-
nario, the dispersion effect on tsunami propagation in
the deep region of SCS is not significant. The shallow
water equations can be used to analyze the characteri-
stics of tsunami wave in the deep region of SCS.

Fritz et al.'”! developed a method to calibrate and
analyze the videos recorded from building rooftops at
Kesennuma Bay along Japan’s Sanriku coast using
LiDR and presented the measured maximum tsunami
height of 9 m in the Kesennuma Bay narrows and the
maximum tsunami currents of 11 m/s. Lynett et al.l'®
carried out numerical simulation of the hydrodynamic
flows in the Port of Oarai and in Pillar Point Harbor-

during the 2011 Tohoku tsunami event and the 2004
Indian Ocean tsunami in Salalah, Oman which shows
that the simulation predicts maximum flood speeds of
3 m/s-6 m/s around the breakwater gap. Lynett et al.["”’
compared the maximum speeds computed by the me-
thod of splitting tsunamis (MOST) to that computed
by the Boussinesq equations and noted that MOST
can reproduce the MOST tsunami model satisfactorily
reproduces measured tsunami-induced current speeds.
Admire et al.? reported comparisons between the
measured and computed currents from the Tohoku-oki,
Japan and other recent tsunamis in northern California
which confirms that the MOST numerical model
works well for reproducing the tsunami currents. Arcos
and Leveque[m adopted the shallow water equations
to compute the distribution of velocity around Hawaii
Island induced by the 2011 Tohoku tsunami and con-
cluded that the GeoClaw numerical tsunami model can
accurately predict current velocities at the nearshore
locations. Reviews on the history of tsunami current
observations in ports and the recent advances in nume-
rical methods for tsunami modelling can be found in
Borrero et al.**! and Behrens and Dias™ respectively.

Since 2004 Indian Ocean tsunami, the significant
advancements of tsunami warning system and metho-
dology had attracted more attention. Early works were
carried out to focus on the early tsunami warning sys-
tem in SCS. Liu et al.”! developed an early warning
system in SCS based on COMCOT model and buoy
inversion method. Ren et al.* extended this method
to be a multi-buoy inversion method, and gave the
priority of buoy arrangement in SCS. One optimiza-
tion method based on reaction time and the population
centers is proposed by Liang et al®! Lin et al.®
developed a tsunami warning method without DART
measured data, which is implemented in COMCOT
model. Considering the potential impacts of currents
in ports, it is necessary to predict the tsunami-induced
currents for the worst case scenario in the SCS region.

In this study, the nonlinear shallow water equa-
tions based tsunami numerical model is used to simu-
late the virtual extreme tsunami in SCS. The analysis
of characteristics of wave amplitude and currents in-
duced by the tsunami is carried out. The impacts on
Hainan Island, Taiwan Island, and Lingding Bay are
computed numerically with finer grids. A fast tsunami
warning method in SCS developed with GeoClaw
model is presented.

1. Numerical model

The numerical model GeoClaw is used to simu-
late the %eneration and propagation of tsunami. Okada
model®” is adopted to compute the deformation of sea
bottom in a subduction zone and provide the initial
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