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Seasonal variation of meridional circulation in the Martian atmosphere
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The meridional circulation in the Martian atmosphere has been investigated in various ways by using Mars general circulatior
models (GCM). For example, Zurek et al. (1992), Haberle et al. (1993), and Forget et al. (1999) showed the structures of zonze
mean circulation, its thermal and momentum balances at each seasonal period. On the other hand, Takahashi et al. (2003) inve
gated the meridional circulation at equinoxes in detail, and concluded that the meridional circulation at equinoxes is asymmetrit
with respect to the equator because of the north-south elevation difference in Martian topography. However, the previous studie
focused on the time-mean structure of meridional circulation at each seasonal period only. In this study, we focus our attentiol
on the seasonal transition of meridional circulation, and investigate its characteristics by using Mars GCM.

The model used in this study consists of the dynamical core of AFES (Atmospheric GCM for the Earth Simulator), which is
based on the CCSR/NIES AGCM 5.4.02, and the physical processes introduced from the Mars GCM which has been develope
by our group so far. As for the physical processes, the radiative, the turbulent mixing, and the surface process are introduce
from our Mars GCM. By the use of this GCM, we performed a simulation with a resolution of T39L48, which is equivalent to
about 180 km grid and has 48 vertical layers. In this study, we assume a temporarily fixed dust distribution. The dust distributior
is horizontally uniform and its vertical profile follows from Conrath (1975). The dust amount is that for a typical dust condition,
in which the visible dust optical depth is 0.2.

As has been reported by previous studies, cross-equatorial one-cell circulation forms at solstices, while two-cell circulatior
forms at equinoxes. However, the circulation structures near the surface at exact equinoxes are asymmetric with respect to tl
equator, and the upward flow of circulation located at about 10-20S. The equatorial asymmetric circulations at equinoxes ar
qualitatively similar to that reported by Takahashi et al. (2003) for dust free condition.

The seasonal transition of meridional circulation shows that the summer/winter-type cross-equatorial one-cell circulation dom:
inates over a Martian year, and the spring/fall-type two-cell circulation appears only during short periods around equinoxes. The
characteristics can be observed in the seasonal transition of meridional circulation in the Earth’s atmosphere (e.g., Oort and Re
musson, 1970).

Here, the transition of meridional circulation from northern winter to summer is examined in detail. It is found that the merid-
ional circulation above about 15 km altitude changes at different time of the year from that below the altitude. During winter,
a cross-equatorial one-cell circulation forms. In the spring, two-cell circulation forms below about 15 km altitude firstly. The
change below about 15 km altitude is followed by the circulation change above about 15 km altitude, and two-cell circulation
establish in all altitude regions. From northern spring equinox to summer, the circulation above about 15 km altitude changes it
advance of that below that altitude, unlike the case from winter to spring. The basic features of circulation change from northerr
summer to winter are qualitatively similar to that described above.

The difference in timing of transition between below and above about 15 km altitude would be caused by the difference in
major driving mechanisms of meridional circulation in those altitude regions. The meridional circulation near the surface is
caused by the local convective heating, while that in high altitude would be mainly caused by wave-mean flow interaction.
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