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Initial rise in the horizontal magnetic component induced by the tsunami passage
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The seafloor electromagnetic (EM) observation enables us to obtain vector properties of the tsunami passage. Toh et al. (201
reported that EM variations induced by the 2006 and 2007 Krill earthquake tsunami were observed in the northwest Pacific
Manoj et al. (2011) and Suetsugu et al. (2012) also reported seafloor EM observation could detect tsunami passages.

Motional induction due to tsunamis, hereafter called 'Tsunami Dynamo Effect’, has been studied mainly as part of the 'Oceanic
Dynamo Effects’. Larsen (1971) derived an analytical solution considering the conductivity structures and the self-induction
term, while Sanford (1971) included effects of bathymetry. Recently, Tyler (2005) analytically expected that the vertical com-
ponent of the tsunami-induced magnetic field has the same waveform and phase as those of the sea level change in deep oce
which is consistent with Suetsugu et al's (2012) observation.

Most preceding studies of the oceanic/tsunami dynamo effects, including above, considered related parameters, e.g., tl
bathymetry, and the conductivity structure beneath the seafloor, in the frequency domain. This is because of its simplicity
and because most of them focused on long-period resonant behaviors, e.g., tide. As for tsunami dynamo behaviors, howeve
effects of the first wave, frequently most devastating, are difficult to discuss in the frequency domain.

We, therefore, developed a two-dimensional finite element (FEM) tsunami dynamo simulation code in the time domain to
reproduce magnetic tsunami signals observed in the northwest Pacific at the time of the 2011 off the Tohoku earthquake. As
result, the magnetic signals were well reproduced by our simulation, especially in terms of the first wave. It is noticeable that ar
initial rise in the horizontal magnetic component as large as 1 nT, parallel to the tsunami propagation direction and observed
minutes prior to the tsunami arrival, was also induced by the tsunami.

We conducted additional numerical experiments to investigate the initial rise. We laid half-space homogeneous conducto
beneath the flat seafloor with a depth of 5km and let a Gaussian waveform soliton propagate with a wave height of 1m and
horizontal extent of 100km. As we assigned 0, 0.01, 0.1, and 1S/m to the conductivity beneath the seafloor, the peak of the initi
rise became approximately 3, 2,1, and "0 nT, respectively. The initial rise, hence, vanished with the conductivity of 1S/m
beneath the seafloor, because an induced current beneath the seafloor generated a horizontal magnetic field opposite to the in
rise. Our numerical results imply that this initial rise may enable us to detect the tsunami passage prior to the tsunami arriva
itself under suitable conditions.

In the presentation, we will report the initial rise in the horizontal magnetic component observed prior to the tsunami arrival
and discuss its applicability to tsunami early warnings.
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