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GNSS Observations of Traveling Ionospheric Disturbances Following the 2025
Offshore Kamchatka Peninsula Earthquake
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Atmospheric waves generated by disturbances on the Earth’s surface, such as earthquakes and tsunamis, are known to
propagate upward and cause variations in the electron density in the ionosphere. In this study, we investigated traveling iono-
spheric disturbances (TIDs) that occurred after the great earthquake of Mw 8.8 off the Kamchatka Peninsula that occurred at
23:24 UT on 29 July 2025, using total electron content (TEC) data obtained from the dense GNSS receiver networks across
Japan. Deviations of TEC from 15-minute running averages were calculated for each pair of satellite and receiver at more than
4,000 stations, and projected onto an ionospheric altitude of 300 km in the geographical coordinates. Two-dimensional maps
of TEC perturbations were then constructed with a spatial resolution of 0.02° in latitude and longitude. The results reveal
that southwestward-propagating TIDs with a phase velocity of approximately 1 km/s at the east of Japan between 00:03 and
00:08 UT on 30 July. Based on the observed propagation direction, speed, and the elapsed time from the earthquake, these
TIDs are attributed to acoustic waves generated at the epicenter and propagating through the thermosphere to the Japanese
region. Furthermore, another southwestward-propagating TID with phase velocity of approximately 300 m/s was observed
from 03:05 to about 03:35 UT, approximately 3 hours and 40 minutes after the earthquake. This TID is considered to have
been caused by atmospheric waves generated by the tsunami that propagated to the vicinity of Japan.
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