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It is known that large-scale natural disasters such as earthquakes, tsunamis, and volcanic eruptions generate atmospheric
waves, which cause ionospheric disturbances. The generation mechanisms of coseismic ionospheric disturbances can be
classified into the following two categories.

(a) Rayleigh waves propagating on the earth’s surface from the epicenter excite acoustic waves that reach the ionosphere
(b) Acoustic waves generated by ground motions at the epicenter reach the ionosphere directly

Although the characteristics of propagation along paths (a) and (b) have been analyzed in the previous studies, there are few
studies that analyzed both types of disturbances generated by the an earthquake with an observation system. Therefore, the
purpose of this study is to identify disturbances propagating along paths (a) and (b) using an HF Doppler (HFD) observation
system, and to clarify the frequency characteristics of them.

HFD observation can observe the vertical motions of the ionosphere at the midpoint of transmitter and receives of radio
waves at frequencies.

The observation system used in this study is conducted by the University of Electro-Communications and four other insti-
tutions. The transmitter is located at the Chofu campus of the University of Electro-Communications, and receivers used in
this study are located at Iitate, Kakioka, and Oarai.

Propagation times of the acoustic waves along paths (a) and (b) were calculated and compared with HFD data. The prop-
agation time along path (a) was calculated as the sum of the arrival time of the seismic wave just below the reflection point
and the propagation time of the acoustic waves from the ground to the reflection points. The arrival time of seismic waves
was determined using seismic data from F-net, a broadband seismic observation network operated by the National Research
Institute for Earth Science and Disaster Prevention. The NRLMSISE-00 standard atmospheric model was used to obtain the
vertical profiles of atmospheric temperature to calculate the acoustic wave propagation time. The propagation time along path
(b) was calculated by ray tracing for the acoustic waves to reach each HFD reflection point.

In this study, frequency analysis data of HFD observation data and HFD waveform data were obtained for the Iwate Nairiku
earthquake at 8:43 (JST) on June 14, 2008, the Sanriku-oki earthquake at 11:45 (JST) on March 9, 2011 and Hamadori earth-
quake at 17:16 (JST) on April 11, 2011.

In these data, there are two types of variations propagating along path (a) and path (b).The intensity of the disturbances was
dominant in different frequency bands for the former and the latter, with the former being dominant in the broad frequency
band from 20-60 mHz and the latter being dominant in the low frequency band below 20 mHz and in the high frequency band
above 40 mHz.

In this study, the neutral air particle velocity along paths (a) and (b) is calculated from the Doppler frequency.

Assuming that the observed Doppler frequency is caused by acoustic waves propagating in the vertical direction or from
the epicenter to the observation point, the neutral air particle velocity along paths (a) and (b) can be estimated by converting
the plasma vertical velocity into the neutral air particle velocity.

Comparison of the neutral air particle velocities at the reflection heights of 5 MHz and 8 MHz radio waves at litate dur-
ing the Sanriku-oki earthquake shows that the velocities for 8 MHz are smaller than those for 5 MHz. This result may be
attributed to the attenuation of acoustic waves by the atmosphere. [ We will continue to analyze the characteristics of the
vertically propagating acoustic waves excited by Rayleigh waves and the obliquely propagating acoustic waves generated by
the ground motion at the epicenter by making comparisons for other events and observation points.
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