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Occurrence of an outer-rise earthquake is highly expected along the Japan Trench after the 2011 Tohoku earthquake and tsunami.

We at first need to produce an accurate prediction of the tsunami in order to mitigate damage associated by the tsunami from the

outer-rise earthquake, For the tsunami simulation of the outer-rise tsunami, dispersive effects cannot be neglected because the short-

wavelength tsunami is likely caused by the faulting with high angle. Large tsunami can propagate over the long distance across the

ocean. The recent studies showed the prediction accuracy of the trans-pacific tsunami is dramatically improved by considering the

effects of elasticity of the Earth and sea water compressibility. In this study, we combined all the effects of reflection and refraction

on the actual bathymetry, nonlinearity, frequency dispersion, seawater density stratification, and elastic loading using a single FDM

code and attempted to apply it to a high-accurate simulation of tsunami caused by the outer-rise earthquake.

Keywords: Tsunami, Outer-rise earthquake

1. Introduction

Interplate earthquakes were often followed by outer-rise
earthquakes. A pair of the 1896 Meiji-sanriku earthquake and
1933 Showa-sanriku earthquake is an example of the sequence.
Another one can be seen in a pair of the 2006 and 2007 Kuril
earthquakes. In Japan, the 2011 Tohoku earthquake generated
severe tsunami disasters along the coast of the northeastern
Japan, but is not yet followed by an outer-rise event near the
Japan trench. We therefore anticipate the occurrence of an outer-
rise event accompanied by tsunami.

The shallow water equations used in the tsunami calculations
assume that the tsunami wavelength is much longer than water
depths. It is valid when we calculate tsunami caused by the
interplate earthquake such as the 2011 Tohoku earthquake.
However, tsunami generated by an outer-rise earthquake
contains short-wavelength component comparison with the
water depth because of high-angle fault slip beneath the deep
ocean. The assumption of the long wave may not be valid any
more. Therefore, we would include the dispersive (Boussinesq)
term to the shallow water equations to simulate the tsunami
cause by the outer-rise earthquake. The dispersive model
requires computational cost 20-30 times larger than that of the
simple shallow water model because we use an implicit method
to solve the dispersive term (e.g. Baba et al., 2015[1]).

In addition to the dispersive term, the tiny elastic deformation
of the Earth due to tsunami load and seawater compressibility
are important to improve prediction accuracy of tsunami in far-
field (e.g. Watada, 2013[2]; Watada et al., 2014[3]). Allgeyer
and Cummins (2014[4]) successfully suggested a practical
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method to add these effects in the conventional numerical FDM
scheme. This study combined the module of Allgeyer and
Cummins (2014) with the Baba’s (2015) code for an accurate

calculation of tsunami caused by outer-rise event.

2. Validations of tsunami numerical model

Analysis of a video of the Tohoku tsunami (Murashima
et al. 2012[5]) has indicated the occurrence of the split wave,
called soliton fission which is short-period waves around
tsunami crest caused by combination of wave nonlinearity and
dispersion. The wavelengths of the split waves ranged from 100
m to several hundred meters, and the amplitudes were several
meters. If soliton fission occurs, the leading wave is amplified
dramatically, the result being a larger tsunami force on coastal
structures.

We accordingly used a new tsunami calculation code solving
the nonlinear shallow water equations with the Boussinesq
terms with a nested algorithm on a staggered, leap-frog finite
differential scheme to calculate the soliton fission during the
2011 Tohoku tsunami. Good agreement was apparent between
the dispersive wave model results and the tsunami waveforms
observed offshore.

In the trans-pacific tsunami simulation, we considered using
the shallow water equations and accounting for the effects
of Boussinesq dispersion, seawater density stratification,
elastic loading, and gravitational potential change in a finite
difference scheme. By comparing numerical simulations that
included and excluded each of these effects with the observed

waveforms of the 2011 Tohoku tsunami, we found that all of
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Fig. 1 Comparisons of calculated tsunami waveforms by assuming an outer-rise event net the Japan Trench. Red : Nonlinear shallowater equations,

Green: Nonlienar shallow water equations with Boussnesq terms, Blue: Nonlienar shallow water equations with Boussnesq terms and including

effect of Earth elasticity and sea water density stratification.

these effects are significant and resolvable in the far field by
the current generation of deep ocean-bottom pressure gauges.
Our calculations using previously published, high-resolution
models of the 2011 Tohoku tsunami source exhibited excellent
agreement with the observed waveforms to a degree that has
previously been possible only with near-field or regional

observations.

3. Preliminary result of outer-rise earthquake

tsunami simulation

We applied the tsunami simulation code developed in
this study to the 1933 Showa-sanriku outer-rise earthquake.
This is still a preliminary consideration because we used only
one bathymetric grid, thus the nested grid algorithm was not
applied in the calculation. In any case, we compare the tsunami
waveforms at GPS801, 804 and DART21418 in near field and
DART46408, 32401, and 51407 in far field in Figure 1. We
found that dispersive effect can be seen in both near and far
fields while the effect of the elasticity of the Earth and sea water
density stratification were significant the waveforms in far field
only.

For the further study, we will apply the nested grids to the
tsunami simulation of the outer-rise event to investigate tsunami

deformation near the coast.
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