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Forward calculation of the electromagnetic field induced by tsunamis, using non-uniform

thin-sheet approximation.
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A seafloor geomagnetic observatory in the northwest Pacific detected clear electromagnetic (EM) variations associated wit
tsunami passage from two earthquakes that occurred along the Kuril Trench (Toh et al., 2011). Previous seismological analys
indicated that the M8.3 earthquake on 15 November 2006 was an underthrust type on the landward slope of the trench, while tt
M8.1 earthquake on 13 January 2007 was a normal fault type on the seaward side (Ammon et al., 2008).

We tried to simulate the frequency dependence of the observed EM signals, using a three-dimensional (3-D) non-uniforn
thin-sheet approximation, which can accommodate not only the inducing non-uniform source fields caused by particle motion:
of conducting seawater at the time of tsunami passage but also the self-induction effect within the ocean and its conductive sul
strata. Horizontal particle motions were calculated by Fujii and Satake (2008) with two types of hydrodynamic approximation,
viz., the Boussinesq approximation and the long-wave approximation. Because the dispersion effect of each tsunami was mo
remarkable in the 2007 event, the observed EM variations were expected to be more compatible with the simulated EM signal
using the Boussinesq approximation than the long-wave approximation.

As a result of the frequency analysis of the observed EM variations at the time of the 2006 event, the frequency of 1.04mH:
is most dominant, which is consistent with the result of the frequency analysis of the simulated horizontal particle motions. Also,
We confirmed that synthetic plane waves in a flat ocean induced ?-harmonic EM variations. The calculated EM amplitudes for the
2006 event at a period of 960s using the Boussinesq approximation were smaller than those with the long-wave approximatior
This can be interpreted as reflecting the dispersive effect.

In this presentation, we will further discuss the advantages and disadvantages of conducting the simulation in the frequenc
domain for tsunami EM signals and describe the necessity to use the Boussinesq approximation in order to elucidate the observ
EM signals at the time of the dispersive tsunami. Furthermore, we will discuss to what extent we can neglect the presence c
the horizontal components of the geomagnetic main field in evaluating the source dynamo currents. Also, we will emphasize
the usability and importance of the EM observation on the seafloor for tsunami forecast in comparison with the conventional
tsunami-height measurements at sea and/or the geomagnetic observations on land.
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We began to develop tsunami monitoring radars based on the idea of Ku-band broadband radars, which estimate precipitatic
with quite high range resolution. The final goal of the tsunami monitoring radars is to estimate the arrival time of tsunamis and
wave heights of them. The basic idea of the tsunami monitoring radars is quite similar to the Ku-band broadband radar; cente
frequency, frequency band, and range resolution, respectively, are 15.75 GHz, 80MHz, and 5m. Last year we had an observati
campaign with a prototype tsunami monitoring radar in Tanabe Bay, Wakayama prefecture, to test our method. We confirme
that the radar detected caps of sea waves and there was a linear relationship between radar reflectivity and the wave heights.
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Aditya Gusman*, Yuichiro Taniokd, Breanyn T. Maclnnés Hamzah Latiet
Aditya Gusmar*, Yuichiro Taniokd, Breanyn T. Maclnn€s Hamzah Latiet

Hnstitute of Seismology and Volcanology, Hokkaido Universitiepartment of Geology, Central Washington University,
3Department of Oceanography, Bandung Institute of Technology
lnstitute of Seismology and Volcanology, Hokkaido Universitipepartment of Geology, Central Washington University,
3Department of Oceanography, Bandung Institute of Technology

During the 2011 Tohoku tsunami, within only 3 minutes after the earthquake, the JMA issued three types of messages fo
coastal areas in Japan, which are tsunami advisory, tsunami warning, and major tsunami warning. These advisory and warnit
messages are visualized as color-coded lines along the Japanese coastlines on a small-scale map and broadcast on televi:
These messages save many lives but unfortunately, in the case of 2011 Tohoku, are not enough to convince all people to imme:
ately evacuate. We argue that large-scale maps of predicted tsunami inundation area and height could better illustrate impendi
tsunami dangers and convince more victims to evacuate immediately.

To produce maps of predicted tsunami inundation, accurate information about tsunami source and pre-calculated tsunami it
undation are required. In this study we focus on the pre-calculated tsunami inundation aspect. We are building a database
pre-calculated tsunami inundation and developing a method to extract the appropriate scenario from the database for tsuna
warning purpose. We have simulated tsunami inundations using a high-resolution bathymetry dataset (1 arc-sec) in Kushirc
Hokkaido from 304 thrust earthquake scenarios in the subduction zone offshore of Hokkaido. The simulated maximum tsunarmr
inundations in Kushiro and tsunami waveforms at 45 observation points within 12 km from the shoreline are stored in a database

For a test case study, we simulated tsunami inundations in Kushiro from a hypothetical great earthquake offshore Hokkaid
using the high-resolution bathymetry dataset to get a reference for validation. The tsunami waveforms at the observation point
can be simulated using linear shallow-water equations on a lower resolution grid system to reduce the simulation time. Tsunan
waveforms at the observation points from the scenarios in the database can be searched to find ones that best resemble those f
the hypothetical event by using RMS analysis with shifting of waveforms by an optimal time shift. Then the simulated tsunami
inundation of the corresponding scenario is chosen as the predicted tsunami inundation. When compared with the tsunami inu
dation of the hypothetical event, the predicted tsunami inundation has Aida number K that is within the threshold of +/- 0.4. To
complete the linear tsunami simulation and searching process, it requires less than 3 minutes with a regular laptop computer. V!
found that the method worked well enough to forecast the tsunami inundation area in Kushiro.

0 0000 : Pre-calculated tsunami inundation, tsunami early warning, tsunami waveform
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Slip distribution and Coulomb stress change of the largest foreshock (Mw 7.3) of the 2011
Tohoku earthquake
Slip distribution and Coulomb stress change of the largest foreshock (Mw 7.3) of the 2011
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The largest foreshock of the 2011 Tohoku earthquake occurred off the coast of Miyagi at 02:45:12 on 9 March 2011 UTC. The
epicenters of the largest foreshock (143.28 E and 38.328 N) and the mainshock of the 2011 Tohoku earthquake (Mw 9.0) ar
separated by approximately 45 km. The tsunami waveforms generated by the largest foreshock were recorded by pressure ga
(TM1 and TM2) and GPS buoys (GPSB802, GPSB803, and GPSB804) deployed off the coast of Miyagi. We apply tsunami
waveform inversion method and include a spatial smoothness constraint to estimate slip distribution of the largest foreshock
Earthquake parameters of strike = 192, dip = 14, and rake = 81 (USGS W phase centroid moment tensor solution) are used
this study. Then we predict the Coulomb stress change from the slip distribution and evaluate how the largest foreshock led t
the rupture of the great 2011 Tohoku earthquake.

The inferred slip distribution has a major slip region with dimension of 45 km x 45 km which is located on the down-dip side
of the hypocenter. The slip amounts on the major slip region range from 0.6 to 1.5 m. The major slip region is centered at a dept
of approximately 19 km. The center of the major slip region is located near the centroid for this event that was determined by
the USGS. By assuming the rigidity of 4 x 10710 N m™-2, the seismic moment calculated from the slip distribution is 1.2 x 10°20
N m which is equivalent to Mw 7.3. The slip distribution indicates that the largest foreshock did not rupture the plate interface
where the rupture of the mainshock was initiated. From the slip distribution, we calculated the Coulomb stress change on thrus
faults with the same geometry as the largest foreshock. Friction coefficient of 0.4 and rigidity of 4 x 10°10 N m"-2 are assumed.
The calculation shows that the Coulomb stress increased by 1.6-4.5 bars within a 4 km radius of the hypocenter of the mainshoc
(depth = 23.7 km). This indicates that the 2011 Tohoku earthquake was brought closer to failure by the largest foreshock.
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