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Numerical experiments of Jovian-like atmosphere by use of a general circulation model
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A circulation in a surface layer of Jovian atmosphere shows zonal band structure. About 30 zonal jets form and are maintaine
for along time. A lot of studies were performed to reveal generation mechanisms of these zonal flows. Those studies can be cla
sified into two categories. One of those is &quot;deep model&quot; and the other is &quot;shallow model&quot;. In the studies
based on &quot;shallow model&quot;, studies with barotropic models and shallow water models on a sphere have been used
study the zonal structures because of limitation of computer resources. However, numerical experiments with three dimension:
models have been performed in recent years (e.g., Schneider and Liu, 2009, hereafter referred to as SL09; Lian and Showm:
2010, hereafter referred to as LS10). In this study, numerical experiments of a Jovian-like atmosphere are performed on the bas
of previous studies by use of an atmospheric general circulation model (GCM), which has been developed in our group.

The model used in this study is a planetary atmosphere GCM, dcpam (http://www.gfd-dennou.org/library/dcpam/), which has
been developed by authors and their collaborators of GFD Dennou Club. The model is composed of dynamical core based c
the primitive equation system and some physical processes, such as radiation, turbulent mixing, condensation processes, ¢
so on. In this study, we use this GCM with simple physical processes. Radiation is represented as gray atmosphere in each
shortwave and longwave ranges, which is same as that used by SL09. The turbulent mixing is not considered in this study, b
a dry convective adjustment is used. As for moist processes, large scale condensation is used. It is assumed that the raindi
instantaneously fall out of the lower boundary, and the cloud effects are not considered in the model.

By use of the model, an experiment of Jovian-like atmosphere is performed. Model vertical domain extends from 30 bars tc
0.03 bars, and heat flux of 5.7 Wm-2 is imposed on lower boundary. In addition, at lower boundary, constant specific humidity
of solar composition is imposed, and water vapor is transported into the model domain diffusively. No momentum forcing is im-
posed on both upper and lower boundaries. The horizontal resolutions used in the experiment are T21-T85, which are equivale
to about 1.4-5.6 degrees longitude-latitude grid, and number of vertical layers are 30. In order to perform long integration easily
the model is integrated with lower resolution models from radiative-(dry)convective equilibrium. First, model is integrated for
10000 days with the horizontal resolution of T21 from a radiative-(dry)convective equilibrium. Then the model is integrated for
another 10000 days with T42 resolution from the final state of T21 experiment. Finally, the model is integrated for 10000 days
with T85 resolution from the final state of T42 experiment.

The experimental result show zonal band structures. The zonal wind structure is almost barotropic. However, the zonal winc
on the equator in our experiment is easterly of about 100 m/s, although those observed in the real Jovian atmosphere and sho
by SL0O9 are westerly.

SL09 shows equatorial westerly in their experiments. However, their experiments are performed without moist processes
Therefore, we have performed another experiment by setting a specific humidity to be zero at lower boundary to examine th
importance of moist processes. A result of the experiment show equatorial easterly. This indicates that the moist processe
included in our model do not play essential roles to determine a direction of equatorial zonal wind. On the other hand, LS10 als
shows equatorial westerly in their experiments. However, it is not easy to compare our results with those of LS10, because the
use meridionally constant thermal forcing. We will perform further experiments, for example, with globally uniform insolation,
to have insights into effects of thermal forcing.
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