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Analysis of 3-dimensional spatial distributions of coseismic ionospheric distur-

bances using HFD
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Since acoustic waves and/or atmospheric gravitational waves generated by ground motions and/or tsunamis associated
with large earthquakes propagate upward, the coseismic ionospheric disturbances occurs. The horizontal propagation of
ionospheric disturbances is examined by using GPS observations. On the other hand, the vertical propagations of the co-
seismic disturbances are rarely reported. Since HF Doppler sounding system(HFD), which is operated by the University at
Electro-Communications, is enable to receive the four radio waves (5.006, 6.055, 8.006 and 9.595 MHz) simultaneously,
three-dimentional distributions of various ionospheric disturbances can be examined by this system. In this study, there-
fore we examined the 3-dimentional distribution of ionospheric disturbances associated with earthquakes by using the HF
Doppler sounding system. In this study, we examined the ionospheric disturbances associated with the earthquake occurred
at Hamadori, Fukushima Prefecture on April 11, 2011(the location of epicenter is at latitude 36 degrees 33 minute north,
140 degrees 24 minutes of east longitude). The largest disturbances of Doppler frequencies ware observed at litate which is
the closest to the epicenter. The vertical velocities of neutral atmospheric particles at the ionospheric reflection height were
estimated as, 59.3 m/s for 5.006 MHz and 56.3 m/s for 8.006 MHz. The variation of Doppler frequency at Kakioka was about
1.2Hz which corresponds to 34.9 m/s for the vertical velocity. The magnitude of the disturbance decreased as the distance
form the epicenter increased. By using the International Reference lonosphere (IRI), the reflection altitudes of the radio
waves received at Sugadaira were found to be about 193 km at 5.006 MHz, 230 km at 6.055 MHz, and 240 km at 8.006 MHz.
To determine the propagation path of the disturbance, we calculated the arrival times of the disturbances in the case that the
disturbances arrived directly from the epicenter as an acoustic wave and the case that the an acoustic wave generated by the
Rayleigh wave propagated from the epicenter excite the ionospheric disturbance. As a result, the observed disturbances in
the HFD are considered to be caused by the latter case. From these results, it is confirmed that the disturbances propagated
over an distance of about 240 km from the epicenter of a M7 earthquake.
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