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Simulation of atmospheric waves in the upper atmosphere associated with vol-
canic eruptions
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In intense volcanic eruptions, acoustic waves, Lamb waves, and gravity waves with large amplitudes are generated in
association with rapid expansion of the atmosphere driven by eruptions, affecting the thermosphere and the ionosphere sig-
nificantly. While previous studies have revealed the basic nature of the atmospheric waves in the lower atmosphere, in the
upper atmosphere physical processes of atmospheric waves originated from volcanic eruptions have not been fully under-
stood. In particular, physical processes of the structure and propagation of Lamb waves, vertical oscillations with a period of
several minutes, and fast waves with a phase velocity of about 1 km/s in the thermosphere have not been revealed.

Although numerical simulations of Shinagawa and Miyoshi (2024) roughly reproduced acoustic waves, Lamb waves, and
gravity waves as well as traveling ionospheric disturbances (TIDs) associated with the Tonga volcanic eruption, the model
could not reproduce high-frequency oscillations and detailed structures of waves because grid intervals of the model are rather
large: 2 km vertically, and 20 km horizontally.

To study the atmospheric waves in the upper atmosphere in more detail, we have carried out the atmospheric simulations
using a high-resolution 2-dimensional model with grids of 1 km vertically, and 2 km horizontally.

The simulation results indicate:

1. Lamb waves can propagate up the thermosphere, but they are significantly deformed by the interaction with gravity
waves with phase speeds similar to Lamb waves.

2. Atmospheric oscillations generated after the passage of Lamb waves are generated by the effect of non-isothermal at-
mosphere, but they are also driven by the interaction of Lamb waves and gravity waves.

3. Propagation of Lamb waves is significantly affected by background winds in the atmosphere.

4. Fast waves with a speed of about 1 km/s in the thermosphere are basically acoustic waves, which are significantly af-
fected by the molecular viscosity.

We will present and discuss the simulation results by comparing with observations.
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