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Generation of equatorial plasma bubble after the 2022 Tonga volcanic eruption
based on the analysis of Arase and GNSS-TEC data
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Equatorial plasma bubbles (EPBs) are “holes in the ionosphere” that occur in the equatorial ionosphere, where the
electron density drops by two orders of magnitude compared to that in the surrounding area. Because the EPBs have
a spatially disturbed electron density structure inside the depressed region, they severely affect satellite positioning and
communications. Therefore, predicting and forecasting when and where plasma bubbles occur is one of the important issues
in space weather research. On 15 January 2022, the explosive eruption of the undersea volcanic eruption off the coast of
Tonga, which is said to occur once every 1,000 years, caused a powerful shock wave and pressure wave all over the world,
and the pressure wave generated a high-speed tsunami. Upper atmospheric and ionospheric observations have confirmed that
the eruption’s influence penetrated the troposphere and stratosphere to reach the ionosphere at the top of the atmosphere.
Further, the eruption caused a plasma bubble in the equatorial ionosphere. In this study, we analyzed Arase and Himawari-8
satellite, ionosonde, and GNSS-TEC observation data to demonstrate that an air pressure wave triggered by the Tonga
volcanic eruption could cause the generation of an equatorial plasma bubble. The most prominent observation result shows
a sudden increase of electron density and height of the ionosphere several ten minutes to hours before the initial arrival of
the air pressure wave in the lower atmosphere. The propagation speed of ionospheric electron density variations was “480 —
540 m/s, whose speed was higher than that of a Lamb wave (315 m/s) in the troposphere. The electron density variations
started larger in the Northern Hemisphere than in the Southern Hemisphere. The fast response of the ionosphere could be
caused by an instantaneous transmission of the electric field to the magnetic conjugate ionosphere along the magnetic field
lines. After the ionospheric perturbations, electron density depletion appeared in the equatorial and low-latitude ionosphere
of the Asia-Pacific region and extended at least up to +/-25° in geomagnetic latitude. The apex altitude was estimated as
2000 km, corresponding to the lower plasmasphere. Such EPBs have been rarely observed except for a storm-time case. The
above results observationally demonstrated the formation process of EPBs through the disturbances in the lower atmosphere,
which had little observational support until now. It will greatly help in understanding the factors involved in generating
ordinary EPBs. Further, our observational fact suggests that space weather research, focusing on the mechanism and forecast
of EPB generated by solar activity, should also include natural phenomena occurring on the Earth’s surface, such as volcanic
eruptions, in the research targets.
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