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Simulation study of atmosphere-ionosphere variations associated with the erup-
tion of Tonga volcano
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On 15 January 2022 significant variations in the ionosphere and the atmosphere were observed worldwide, which is clearly
associated with the eruption of Hunga Tonga-Hunga Ha’apai in Tonga. In this event, various kinds of phenomena have been
reported: (1) generation and propagation of atmospheric waves such as acoustic-gravity waves, Lamb waves, and Pekeris
waves, (2) TIDs (traveling ionospheric disturbances) concentrically propagating from the eruption site, (3) significant deple-
tion of TEC(total electron content) near the eruption site, (4) oscillations in TEC and the geomagnetic field with a period of
several minutes corresponding to acoustic resonance mode in the atmosphere, (5) variations in TEC/geomagnetic field in the
magnetic conjugates, (6) global neutral wind variations, and (7) occurrence of equatorial plasma bubbles.

To reproduce and understand the atmospheric-ionospheric disturbances driven by the eruption of the volcano, various sim-
ulation studies have been recently made. At the present time, some of the studies have successfully reproduced Lamb waves
and some gravity waves, producing traveling ionospheric disturbances (TIDs), and global thermospheric wind variations.
However, most of the present studies use a hydrostatic atmospheric model, which is unable to include vertical compressibility
of the atmosphere. Therefore, those models cannot reproduce acoustic shock waves, upward propagation of acoustic waves,
and atmospheric oscillation with a period of a few minutes generated by the vertical acoustic resonance. Although there
are a few simulation studies using a nonhydrostatic atmospheric model, various approximations and assumptions are made
to express the atmospheric disturbances driven by the volcanic eruption. At the moment, existing atmosphere-ionosphere
models related to the volcanic eruption are not very realistic.

To better reproduce the atmosphere-ionosphere variations driven by the volcanic eruption, we employed an axisymmetric
3-D nonhydrostatic atmospheric model and the whole atmosphere-ionosphere coupled model GAIA. In this simulation, a
sudden temperature change in the eruption point is given to the nonhydrostatic atmospheric model, and then the calculated
neutral wind variations are incorporated into GAIA to simulate ionospheric variations driven by the eruption.

We found that the simulation can produce various kinds of atmospheric waves generated by the eruption, such as acoustic
waves, gravity waves, Lamb waves, Pekeris waves, and TIDs concentrically propagating from the eruption site, and atmo-
spheric oscillations with a period of a few minutes. In addition, the results indicate that the eruption generates supersonic
shock waves in the volcanic region, leading the extremely large vertical oscillations in the thermosphere and ionosphere.
However, there are still quantitative disagreements between observations and simulations about TEC variations in the mag-
netic conjugate region of the eruption site, and significant TEC decrease near the Tonga region after the eruption.

We will present the results of the simulation and discuss similarities and differences between simulations and observations.
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