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Abstract

While there were many reports of tsunami-generated electromagnetic (TGEM)
variations during the last decade (e.g., Tohetal., 2011; Ichiharaetal., 2013), it was theoretically
proved that TGEM fields are useful not for exploring the Earth’s conductivity structure beneath
the seafloor but for revealing tsunami dynamic properties (e.g., Shimizu and Utada, 2015;
Minami et al., 2015). We can see some studies constraining dynamic properties of earthquakes
and tsunamis from TGEM fields (e.g., Ichihara et al., 2013; Kawashima and Toh, 2016).
However, all the previous studies using TGEM fields were conducted in the frequency domain
except for Minami and Toh (2013), although conventional tsunami simulations adopted the
time-domain approaches (e.g., Maeda et al., 2011; Oishi et al., 2013). Simulations of TGEM
fields in the frequency domain require additional computational complexity associated with
Fourier Transform and Inverse Fourier Transform for utilizing the time-domain tsunami
dynamic simulation results. This additional costs have been one of obstacles to understanding
temporal and spatial characteristics of TGEM variations and to corroborating with the
conventional time-domain tsunami studies.

We developed a new time-domain three-dimensional simulation code for TGEM fields
and applied the method to the case of the 2011 off the Pacific coast of Tohoku Earthquake
tsunami. We compared the simulation results with the seafloor geomagnetic data at B14 and
NWP, the seafloor sites ~100 km and ~1500 km east-northeast of the epicentre, respectively.
Adopting the tsunami source model of Satake et al. (2013) and the tsunami simulation method
by Kawashima and Toh (2016), we conducted two types of tsunami simulations: the linear long
wave (LLW) and the linear Boussinesq wave (LBW) simulations. Comparison of the simulation
results with the observed geomagnetic data showed that the LLW tsunami simulation explained
the magnetic data at B14 well, while the LBW simulation did those at NWP better, which
clearly indicates the dispersive features of the tsunami at NWP. On the other hand, in both LLW
and LBW simulation results, discrepancy of a few nT in the baseline of the magnetic variations
between the observations and the simulation results were found in the eastward and the vertical
components at B14 after the leading tsunami wave passed the site. This was possibly caused by
the ionospheric current due to tsunami-generated acoustic gravity waves (Tsugawa et al., 2011).
To clarify this problem, we plan to compare our simulation results with on-land geomagnetic
data in the near future.
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In this presentation, we are going to share our new time-domain approach for
simulations of the TGEM fields and to show the results of the application of our method to the
2011 off the Pacific coast of Tohoku Earthquake tsunami.
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