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Atmospheric coupling between the lower atmospherg( km) and the thermosphere 110 km) through atmospheric waves
in Venus is one of the important subjects to understand the Venusian thermospheric dynamics. Past simulation studies sugges
that small scale gravity waves would transport westward momentum from the Venusian cloud deck toward the thermosphere [e.g
Zhang et al., 1996]. In recent years, importance of planetary-scale waves on the general circulation of the Venusian atmosphe
has been recognized. Forbes and Konopliv [2007] suggested the propagation of planetary-scale waves originated in the clol
deck into the upper atmosphere. However, the effects of the planetary-scale waves on the general circulation in the Venusic
upper atmosphere are unknown, since past simulation studies focused on only small-scale gravity waves. In this study, we ha
performed numerical simulations considering both small-scale gravity waves and planetary-scale waves.

We have developed a new GCM for the Venusian mesosphere and thermosphere, which includes the altitude region from 80
about 180 km. The horizontal spatial resolutions are 5 degree and 10 degree in longitude and latitude, respectively. The vertici
resolution is 0.5 scale height, which is equivalent to about 1.5 km at about 80 km altitude. We consider the momentum transpol
caused by gravity waves with Rayleigh friction, which was used in Bougher et al. [1988]. We impose some planetary-scale wave:
into our GCM by moving the geopotential distribution with the phase speed of the wave at the lower boundary. We consider the
Kelvin wave, Rossby wave and thermal tides, which were observed at the cloud top [e.g., Del Genio and Rossow., 1990].

Our result shows that small-scale gravity waves transport the westward momentum and drive the retrograde zonal wind (RZW
as fast as about 60 m/s above 140 km altitude region. The result is consistent with earlier simulations [e.g., Bougher et al., 1988
Our result also shows that the Kelvin wave with the vertical wavelength of about 40 - 50 km is the dominant wave in the planetary-
scale waves at 80 - 140 km altitude region. The maximum amplitude of the zonal wind fluctuation caused by the Kelvin wave is
about 12 m/s at about 95 km, which is the height of the O2-1.27um nightglow emission layer. We have also calculated horizonta
nightglow distributions with 1-D nightglow model and the composition distribution derived from the GCM. The result suggests
that the Kelvin wave causes the fluctuations of the O2-1.27um nightglow distribution between 00:00 LT and 00:20 LT.

00000 (70-110kmp 00 (>110km)0 0000000000000 00000000O0000OOOOOOO0O
0000000000000 00000000000000000 (50-70kmO00000000000C0000000
00000C0000000000000060m/s000000000000OCOCOO00000000000000OO [eg.,
Zhangetal.,1996) 0000 000CO0O00000000C0OCOO00000000C0OO00000000000000000
Forbes and Konopliv[2007) 0O OCOO0O0O000000000C0C0O0000 150kmd000000000C000000
09000000000000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000

000000000 80-0180kmO00000000000 (GCM)ODODODO0O0OOOOO0O00O0OGCMOOO0OOO
0 5deg(d 0)x 10deg 0)x0.50 000000 (00)000O000000000000000O00000000000
0000000 Bougheretal. [1988) 0 0000000000000 O000OO0OOO0O000OOOOOO0O00OOO
000000000000000000000000 (0000000000000000)0000000000000
0000C0O000000000000C00 (O00000000)0000000000 [Del Genio and Rossow., 1990]
0oo0o0o0o0o

00000000000 00000000000000000000000 140kmO0000000 60m/s0000
00000000000 00000000000000 140kmd00000000140kmI00000000000
0000000000000 000000COBougheretal. [1988) 000 0000000000000 000000
80-120km0 0 000000C0O 40-50km0 00000000000 000000CO0O0000O000OOO0000
0000000000000000 105km0000000000 12m/s00000000 95kmO000 02-1.27um
000000000000000000GCMOOO0O000000000000000000000000000000
0000000000000000000000000000000000000000000O0OOOO 00:00-00:20
LTOOODOD 4000 (QO0O00000)0000000000000000000000000000000000
000000 [eg., Crispetal,1996) 0 0000000000000 0



