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Dependence of planetary radius on Hadley circulation: Numerical experiments with an
atmospheric general circulation model
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The circulation structures of atmospheres of the terrestrial planets in the solar system are very different. We have focused ¢
the Earth and Mars, and have been performed numerical experiments of atmospheric general circulation of these planets by usi
a general circulation model (GCM) to obtain clues to important processes characterizing the general circulations of these plane
tary atmospheres. Now, we perform GCM experiments by changing planetary radius by focusing on the effects of difference ir
planetary radius on Hadley circulation.

The model used in this study is an atmospheric GCM dcpam (http://www.gfd-dennou.org/library/dcpam/) that has been devel
oped in our group. This model is a spectral model based on the primitive equation system, and incorporates radiation, turbulet
mixing, a cumulus convection parameterization, a simple land model, and a bucket model. By using this model, numerical ex
periments have been performed with three values of planetary radius, the Earth’s value, the Mars’ value, and 1/4 of the Earth
value. In these experiments, the planet does not have the ocean and the planetary surface is land without topography. The valt
of the planetary rotation rate, the solar declination angle, the gravitational acceleration, and the atmospheric constituents in tt
experiments are the same as these of the Earth and the Earth’s atmosphere, respectively. Under these conditions, the mode
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 analyze«

The results of three experiments show that the latitudinal width of Hadley circulation measured in degree at northern sum:
mer increases by decreasing planetary radius. At the same time, the zonal mean temperature differnece between the eque
and the summer pole decreases by decreasing planetary radius. As a result, the zonal mean temperature distribution in sumr
hemisphere in the case with small planetary radius is more uniform than that in the case with large planetary radius. The sma
zonal mean temperature difference between the equator and the summer pole obtained in the case with small planetary rad
gualitatively resembles that on Mars.

A dependence of latitudinal width of Hadley circulation on planetary radius may be qualitatively interpreted by considering
the fact that the ratio of the deformation radius to planetary size increases by decreasing the planetary radius. However, tt
latitudinal width of Hadley circulation does not change so large compared to the change of ratio of the deformation radius to
planetary size, which changes factor of about 4 with the assumption of the same stability in all cases. The surface temperatu
distribution which would be strongly constrained by radiation on the land planet and wave activity may play important roles to
determine the structure of Hadley circulation.

The additional experiments of planets which have the ocean on the surface are ongoing. The results of the experiments and t
effects of moist processes on dependence of Hadley circulation on planetary radius will be presented.
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