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lonospheric variations associated with earthquakes observed by HF Doppler
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It is well-known that the ionospheric perturbations are excited by earthquakes. Using spectral analysis, the authors have als
shown that the variations of total electron contents (TEC) determined by GPS are varied in association with earthquakes whos
magnitudes are larger than 6.8. This is because the atmospheric waves, e.g., acoustic wave and atmospheric gravity wave, exci
by the ground displacements propagate upward and perturb the ionospheric electron density. Therefore,it is expected that t
ionospheric perturbations associated with earthquakes can be detected by the other instruments which is able to observe 1
ionospheric variations. In this study, HF Doppler data is utilized since HF Doppler observation can detect the vertical motion of
the reflection point by observing the frequency variation of the transmitted radio waves.

Examining the HF Doppler data associated with 31 earthquakes (&gt; M6) which occur around Japan in 2011, the pulse-like
frequency variations were observed in 4 earthquakes whose magnitudes of these earthquakes are larger than M7. In all 4 ever
the frequencies decrease, implying that the reflection points move upward. The variations of the frequencies are about sevel
hertz, which correspond to 100-200 m/s for the upward velocity of the reflection point assuming that the altitude of the reflection
points is 300 km. In addition, the variations were observed about 10 minutes after the earthquakes. Considering the distanc
between the epicenters and the reflection points, the variations are caused by the atmospheric wave below the reflection poir
due to the ground perturbations.
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