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Infrasonic sounds excited by the seismic waves of 2011 Tohoku earthquake as imaged t
lonosonde
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After the 2011 Tohoku earthquake (M9.0) that occurred on 11 March 2011, various types of ionospheric disturbances were
reported at remote distances from the epicenter. The disturbance dealt with in this paper is a multiple cusp signature (MCS) c
the ionogram trace. The separation of the consecutive cusps corresponds to the wavelength of vertically propagating infrason
waves. Combining the vertical density profile converted from the ionogram with the sound velocity calculated from the atmo-
spheric model, the wave period was estimated to be 20-50 s. Further comparison between the density profile and broadbal
seismograms (NIED F-net censers) near the ionosonde exhibited that the vertical ground motion excited the infrasonic wave:
Detailed analysis showed that the first ionograms with MCS observed at Wakkanai, Yamagawa, and Okinawa were caused &
the P-wave before the arrival of the large amplitude Rayleigh wave. While distinct MCS ionograms observed after that were
ascribed to the Rayleigh wave excited by the largest aftershock (M7.7). The dispersion of the Rayleigh wave was also seen in tf
separations of cusps.

For quantitative discussion on the amplitude of seismic waves and the density irregularities, we made one-dimensional nu
merical simulation of wave propagation from the ground to the ionospheric heights. The results showed that the P-wave groun
motion as observed, i.e., amplitude of 2 mm/s and period of 50 s, was sufficient to modify the vertical electron density profile to
cause MCS. Seismic waves with a period shorter than “10 s were found to be decayed before reaching the F-region peak heigl
which is consistent with the observations.

An MCS ionogram was also observed at Wakkanai associated with a foreshock (M7.3) of the Tohoku earthquake occurred o
9 March 2011, which was the smallest magnitude of earthquake causing MCS ever analyzed for the earthquakes occurred ne
Japan after 1957. This was a coincidence of the infrasonic wave packet at the ionospheric heights emitted by the ground motic
and the sounding volume by the frequency swept ionosonde. The MCSs might be observed more frequently if we have operate
ionosondes with shorter intervals.
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