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A numerical simulation of acoustic-gravity wave resonance using three-dimensional
nonhydrostatic neutral atmosphere model
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Acoustic waves with frequencies of a few mHz in the density stratification are affected by gravity and called acoustic-gravity
waves (AGWSs). Since the effect of gravity is especially strong around the mesopause, where the temperature is low, and AGW
cannot propagate upward, AGWs generated below the mesopause can be trapped between the ground and the mesosphere,
can form resonance. This mechanism is expected from a lot of theoretical and numerical studies [e.g., Tahira, 1995; Nishide
2000; Walterscheid, 2003]. The resonance has two (or three) modes with frequencies of about 3.8 and 4.5 mHz, which ar
consistent with many observational results, such as ionospheric disturbances [e.g., Davies and Jones, 1971], a geomagne
pulsation [lyemori et al., 2005], atmospheric pressure perturbations [Matsumura et al., 2010] and solid Earth’s free oscillations
[Nishida, 2000].

There are, however, still a lot of unknown problems concerned with the resonance such as temporal and spatial characteristic
and it is difficult to clarify them only through observations.

In this study, a three-dimensional nonhydrostatic compressible neutral atmosphere model is used to investigate the tempor
and spatial variations of the acoustic-gravity wave resonance. Here, the eruption of Asama volcano on September 1, 2004
selected as the source of an atmospheric disturbance. The modeling method of the neutral atmosphere part of Shinagawa
al. [2007] is extended to three dimensions and used. The continuous, momentum for horizontal and vertical directions, energ
equation and real gas equation of state are solved. CIP method [Yabe, et al., 1991] is used to calculate advection terms.

The basic state of the atmosphere is taken from the empirical model, MSISE-90 [Hedin, 1991]. The atmospheric densitie:
and temperatures are obtained from the model by setting values for Asama volcate(388.3E). The date and time for the
atmospheric model are set to be the onset time and date of the eruption of Asama volcano.

The atmospheric disturbance due to the eruption is incorporated by giving a vertical velocity around the center of the lower
boundary as the lower boundary condition.

Calculated vertical velocities directly above the center of the source at different altitudes show that waves propagating upwar
are reflecting around the mesopause at about 600 s after the start of the eruption. After this time, two types of vertical standin
waves appear below the mesopause. One has the half wavelength of about 40 km, the frequency of about 4.5 mHz and the sh
duration. The other has the half wavelength of about 110 km, the frequency of about 3.8 mHz and the long duration. These twi
types of standing waves correspond to the resonance modes expected from previous studies.

Above the mesopause only propagating waves are seen and the frequencies of them are about 4.5 mHz in the earlier time
the calculation, and about 3.8 mHz in the later time.

As for the region 250 km away from the center of the source in the horizontal direction, the similar analysis is performed
and it is shown that two resonance modes is formed also when the AGWSs are propagating in inclined directions although th
appearance time is later and the amplitude is smaller. The remarkable difference is the appearance times of two modes. Tl
mode of about 3.8 mHz is not seen in the earlier time.
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