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Observation and numerical simulation of seismic dynamo effect
Shintaro Nagaoka , Yasuo Ogawa and Yoshimori Honkura (TITECH)

Many observations have been reported on the electromagnetic field variations associated with earthquakes
(Johnston, 1997; Uyeshima, 2007). Since the detection of pre-seismic signals can be used for the earthquake
predictions, many studies on this field have been done. The seismic dynamo effect is one of the possible physical
mechanisms to explain the electric and magnetic field variations associated with earthquakes (Honkura et al.,
2000). In this paper, we try to understand the electromagnetic field variations associated with the earthquakes in
terms of the seismic dynamo effect. The electromagnetic field variations from the origin time to the arrival of the
seismic wave on Earth’s surface are intensively studied from a numerical calculation and electromagnetic field
observations using aftershocks of the 2007 Noto-Hanto Earthquake. The seismic dynamo effect has been studied

only qualitatively so far and this paper is the first trial of the numerical evaluation of the seismic dynamo effect.
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Fig.1: Observation Point, Main shock and aftershock (M3.9) of the 2007 Noto-Hanto Earthquake.
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Fig.2: Sketch of the observation arrangement. The electromagnetic signals (three magnetic and two
horizontal electric components) and the three-component seismic signals were simultaneously

recorded by 150 Hz and 200 Hz, respectively.
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Fig.3-(a): Velocity, electric and magnetic field variations for one of the aftershocks of the 2007 Noto-Hanto
Earthquake of March 25" 2007. The units are mm/s, uV/m and nT, respectively. This is the aftershock (M3.9)
which has the largest first motion and occurred at 08:18 44.8 on April 4™ 2007. In the figure t=0 means the origin
time. Here we take Cartesian coordinate with x northward (magnetic) positive, y eastward positive and z

downward positive, following the convention in geomagnetism. The vertical line means seismic wave arrival.

Fig.3-(b): The zoomed image at 1.3-1.7 second of Fig.3-(a).



Vp =4 (km/sec)
Vs =2 (km/sec)

Vz =1 (mm/sec)
Vx =20 (mm/sec)
fp =10 (Hz)

fs =5 (Hz)

A p =400 (m)

A's =400 (m)

o  =0.01(S/m)
Bx =3.5x 103 (T)
Bz =3.5x 103 (T)

:P-wave propagating velocity

:S-wave propagating velocity

:P-wave vibration velocity

:S-wave vibration velocity

‘Frequency of P-wave

‘Frequency of S-wave

‘Wave length of P-wave

‘Wave length of S-wave

:Conductance of the Earth

:Earth’s magnetic field of x-component

:Earth’s magnetic field of z-component

Table 1: Parameters used in calculation
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Fig.4: Three cases for the seismic waves, which induces the electromotive forces.
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Fig.5: Calculated results of the electric field variation of y-component with Earth’s resistivity of 10 Q[J m. Result

of Case2 overlaps with Case 3. In the figure t=0 means the origin time and t=2.5 means the seismic wave arrival.
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Fig.6: Calculated results of the electric field variation of y-component with Earth’s resistivity of 100Q[] m. In the

figure t=0 means the ori

gin time and t=2.5 means the seismic wave arrival.



