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Seismo- and tsunami-traveling ionospheric disturbances of the 29 July

2025 M8.8 Kamchatka Earthquake observed by CW-HF Doppler
sounding systems and ionosondes in Taiwan and Japan
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Abstract

A great earthquake occurred offshore Kamchatka on 29 July 2025 and generated strong ground shaking and
tsunami waves. These disturbances did not only affect the solid Earth and the ocean; they also disturbed the
atmosphere above the Earth. As the atmospheric waves traveled upward, they reached the ionosphere. In this study,
we used high-frequency (HF) radio signals and ionosonde observations in Taiwan and Japan to detect these
earthquake- and tsunami-related disturbances in the ionosphere. The radio signals showed clear frequency changes
caused by the motion of the ionosphere. The earthquake-related disturbances appeared soon after the seismic waves
arrived and traveled rapidly away from the earthquake source. Later, tsunami-related disturbances were also observed
in the ionosphere and were associated with the propagation of the tsunami over the ocean. These results show that the
ionosphere can act as a sensitive detector of large earthquakes and tsunamis. Observing ionospheric disturbances with
HF Doppler sounding systems and ionosondes can therefore provide useful information on how energy from

earthquakes and tsunamis is transferred from the ground and ocean into the upper atmosphere.
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