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1. OBS networks in Japan

Nation-wide seismic networks of MOWLAS (Aoi et al.
2020[1]) can catch various seismic phenomena in inland and
offshore regions across Japan. Recent developments of ocean
bottom seismometers (OBSs), such as DONET and S-net,
provide us opportunities to investigate detailed seismicity
around the megathrust zones. To achieve a quantitative
understanding of offshore seismic phenomena (regular and slow
earthquakes), the characteristics of seismic wave propagation
around OBSs are important. In this report, we summarized
characteristics of high-frequency seismic wave propagation
around DONET stations, which were deployed near the
hypocenter of the 1944 Tonankai earthquake.

This report was written based on the following paper:
Takemura, Emoto, & Yamaya (2023)
https://doi.org/10.1186/s40623-023-01778-8

2. Ground motions at DONET stations

Figure 1a shows observed DONET records during an intraslab
earthquake that occurred on 30 November 2014. In the middle
panels of Figure la, envelopes of filtered seismograms at
frequencies of 1-2 and 2-4 Hz. Envelopes of both horizontal
(solid line) and vertical (dotted line) at DONET stations (blue
lines) are much larger than those at F-net stations (black lines). S-
wave coda is considered as a superposition of multiple scattered
waves within the medium, and then differences in coda
amplitudes at each station reflect local site amplifications (Sato
et al., 2012, Ch. 3 [2]). Due to large coda amplitudes in both
components, thus, we expected large site amplifications of S
waves.

Coda amplitudes at DONET stations (blue symbols in the right
bottom panel), which are average amplitudes during lapse times
of 70-90 s, are much larger than those at F-net stations (black
symbols). However, maximum S-wave amplitudes (Smax) of the
vertical component at DONET stations obey similar attenuation
characteristics to those at F-net stations. In other words,
significant amplification expected from coda amplitudes at
DONET stations was not observed in vertical Spax.

3. Ground meotion simulation

To clarify different amplification characteristics between Spax
and S-wave coda at DONET stations, we conducted numerical
simulations of seismic wave propagation around DONET
stations via OpenSWPC (Maeda et al., 2017 [3]) using a local 3D
seismic velocity model of Koketsu et al. (2012)[4]. The model
volume was discretized by a uniform interval of 0.025 km. The
time step in our calculations was 0.001 s. Our simulation required
the computational resource of 2,000 Vector elements of the Earth
Simulator and 32 TB of memory. Here, we did not assume thin
(< 50 m) and very low velocity (Vs < 0.5 kn/s) layers, and
consequently, effects of site amplifications at DONET stations
are expected to be weaker compared to observations.

Simulation results are illustrated in Figure 1b. As shown in the
right panels of Figure 1a, Spax at both F-net and DONET stations
obeyed similar attenuation characteristics as a function of
epicentral distance. In contrast, coda amplitudes at DONET
stations were 0.5-1 order larger than those at F-net stations. Our
simulation can reproduce the basic features of observed ground
motions at DONET stations.

We conducted additional simulations using heterogeneous
models: a model without sedimentary layers (Model 1), a model
without a seawater layer (Model 2), and a model without both
sedimentary and seawater layers (Model 3). We did not show the
details of the simulation results here. Our simulation results
suggest that the coda waves at DONET stations were mainly
caused by oceanic sediments beneath the stations, although coda
waves at F-net stations were constructed by a superposition of
scattered waves within the crust. Due to the difference in coda
excitation mechanisms, site amplifications expected from coda
waves at DONET stations were incorrect for site correction of S

waves.

4. Conclusions and future perspectives

We found a difference in the coda excitation mechanism in the
observed and simulated seismograms at DONET and F-net
stations. Consequently, site amplifications at DONET stations
expected from coda waves were overestimated. To better achieve
monitoring and quantitative analysis of offshore seismic
phenomena, we carefully estimate site amplifications at OBSs of
S-net and DONET.
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Figure 1. (a) Observed seismogram envelopes and amplitudes at DONET and F-net stations during an earthquake
that occurred on 30 November 2014. Blue symbols and lines denotes observations of DONET. Black ones are

F-net. (b) Numerical simulation of ground motions at DONET stations.
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