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Numerical simulations of atmospheric general circulations of planets with land and the
ocean
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The near surface environment and the circulation structures of the terrestrial planets in the solar system are very different. |
this study, in order to obtain clues to important processes characterizing the general circulations of the atmospheres of the Ear
and the Mars, numerical simulations of atmospheric general circulations of planets with land and the ocean, and without the
ocean are performed.

The model used in this study is an atmospheric general circulation model dcpam (http://www.gfd-dennou.org/library/dcpam/)
that has been developed in our group. This model is a spectral model based on the primitive equation system, and incorporat
parameterizations for turbulence and cumulus convection that cannot be resolved in the model explicitly. In this study, a simple
land model and a bucket model are incorporated to simulate the atmospheric circulation of planets with land and the ocean. B
using this model, numerical simulations have been performed under the three conditions: (I) a planet with land and the ocea
whose radius is Earth’s value, (Il) the same as (I) but only with dry land (land planet), and (lIll) a dry land planet whose radius
is Mars’ value. In these three simulations, the values of the planetary rotation rate, the solar declination angle, the gravitatione
acceleration, and the atmospheric constituents are the same as these of the Earth and the Earth’s atmosphere, respectively. U
these conditions, the model is integrated for 20 Earth years from an initial condition of isothermal atmosphere at rest with the
resolution of T42L16 that is equivalent to about 2.8 degree longitude-latitude grid and includes 16 vertical layers. The result
during last 10 years is analyzed because the model atmosphere spins up within first several years.

The results of simulation (), a planet with land and the ocean, show a meridional circulation whose characteristics are similal
to those of the Earth’s atmosphere. During the spring and autumn, the meridional circulation shows the two cell pattern anc
the over-all structure is equatorially symmetric. During the summer and winter, the circulation is equatorially asymmetric and
the cell in the winter hemisphere, which appears as a cross equatorial cell, is stronger than that in the summer hemisphere.
this case, the cross-equatorial cell extends from 10 degree latitude in the summer hemisphere to 20 degree latitude in the wint
hemisphere. In addition, the circulation cells extend vertically in this condition. The results of simulation (Il), a planet only
with dry land, show that the cross equatorial cell extends to 20 degree latitude in the summer hemisphere during the summe
and winter. Further, one of the important characteristics of the circulation is that the cell does not extend vertically, but the mear
upward flow inclines equatorward. Similar structure can be observed in the Marian atmosphere. The results of simulation (llI),
a dry land planet whose radius is Mars’ value, show that the cross equatorial cell extends from 25 degree latitude in the summs
hemisphere to 30-40 degree latitude in winter hemisphere during summer and winter. The structure of meridional circulatior
become close to that in the Martian atmosphere by decreasing the planetary radius. The formation of such a meridional circulatic
with large latitudinal extent would be qualitatively consistent with the fact that the ratio of the deformation radius to planetary
size increases by decreasing the planetary radius. Further analyses and the additional simulations will be performed to exami
the role of moist processes and effect of atmospheric mass and composition on the circulation structure.
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