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Using our open-source simulation code “OpenSWPC” and the Earth Simulator, we conducted a simulation of
strong ground motion for the Mw 5.9 2016 southeast off Mie earthquake. The simulation required computer
memory of 50 TB and parallel computing using 2,736 vector elements of the Earth Simulator. We compared our
simulation result with seismograms observed at DONET stations. Our simulation roughly reproduced the envelope
shapes of observed high-frequency seismograms. This result indicates that our simulation method and subsurface
velocity structure model well reproduce seismic wave propagation in this region. To deepen our understating of
strong ground motions and sources of seismic phenomena in the Nankai region, we will effectively use our
developed code “OpenSWPC” and the Earth Simulator.
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1. Introduction

To achieve precise simulations of strong ground motions for
future large earthquakes, we should develop simulation methods
and models. We conducted a strong ground motion simulation
of the 2016 southeast off Mie earthquake using our developed
code “OpneSWPC” (Maeda et al. 2017[1]
https://doi.org/10.5281/zenodo.5284656) on the Earth
Simulator. This event was a moderate-size (Mw 5.9) earthquake

but occurred close to the large slip area of the 1944 Tonankai
earthquake. Thus, a simulation of the 2016 southeast off Mie
earthquake is important for evaluating strong ground motions
for future large earthquakes in the Nankai region.

2. Strong Ground Motion Simulation

We conducted a simulation of seismic wave propagation
within the simulation volume of 165x97.5x45 km?®, which was
discretized by a uniform grid of 0.015 km. The horizontal
coverage of our simulation model is illustrated in the left panel of
Figure 1. The focal mechanism of the 2016 southeast off Mie
earthquake is referred from the CMT solution by Takemura et al.
(2020a)[2]. The source time function in our simulation is a 0.1-s
Kiipper wavelet. In this simulation, we did not consider a detailed
source rupture heterogeneity of the 2016 southeast off Mie
earthquake.

We employed the local 3D velocity structure model, which
was constructed by Koketsu et al. (2012)[3] and Tonegawa et al.
(2017)[4]. Tonegawa et al. (2017)[4] provided the 1D S-wave
velocity model beneath the DONET stations (diamonds in Figure
1), which is the ocean bottom seismometer network deployed in
this region. To model the scattering of seismic waves for

frequencies higher than 1 Hz, we embedded stochastic random
velocity fluctuations in the background 3D layered structure
model. Detailed parameters of stochastic random velocity
fluctuations in each layer were referred from Takemura et al.
(2020b)[5]. We fixed the minimum S-wave velocity of 0.5 km/s
in the elastic volume. Our simulation for synthesizing 75-s
seismograms required computer memory of 50 TB and 7-hour
parallel computation using 2,736 vector elements of the Earth
Simulator.

Comparisons between observed and simulated vertical
velocity seismograms at M.KMAO03, M.KMB06, M.KMC09,
and M.KMD13 are illustrated in the right panel of Figure 1. We
applied a band-pass filter with passed frequencies of 1-5 Hz to
both observed and simulated seismograms. We didn’t assume a
detailed source rupture process and site amplifications. Thus, we
focused our attention on envelope shapes of normalized velocity
seismograms.

Our simulated seismograms roughly agreed with the envelope
shapes of observed seismograms. Thus, complicated envelope
shapes of observed seismograms can be mainly caused by 3D
heterogeneous structures beneath this region [5], rather than a
source rupture complexity. By introducing a detailed rupture
process and site amplification in the future study, we will conduct
a more practical strong ground motion simulation.

3. Summary and future perspective

In this report, we conducted a strong ground motion simulation
of the 2016 southeast off Mie earthquake using OpenSWPC on
the Earth Simulator. Our simulation can practically model the
effects of the local 3D heterogeneous velocity structures in this
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Figure 1. Locations of a source (red focal sphere) and DONET stations (diamonds) used in the simulation and comparisons of

filtered vertical velocity seismograms at DONET stations between observation (black lines) and simulation (blue lines). The

blue rectangle in the map is the horizontal coverage of our simulation model.

region, where the subducted Philippine Sea plate and thick (> 2
km) oceanic sediments exist.

Developments of strong ground motion simulations are
important for modeling megathrust earthquakes, seismic wave
propagation in offshore regions, and various seismic phenomena
that are dominantly appearing in high-frequency components. To
deepen our understating of seismic phenomena and contribute to
disaster mitigation for future large earthquakes, we will
effectively use our simulation code and calculation resources of
the Earth Simulator.
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