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A solar constant is one of important parameters causing diversity of the planetary climate. For example, in previous studies b
the use of one-dimensional energy balance models (EBMSs), the planet’s climate was studied (e.g., Budyko, 1969). These studi
showed globally ice-covered states, partially ice-covered states, and ice-free states appeared as changing the solar constant
addition, the existence of multiple states with a solar constant was also shown. A planetary climate was also studied by th
use of general circulation models (GCMs) (e.g., Ishiwatari et al., 2007). This study confirmed the three states, which had bee
shown by EBMs in previous studies, appear in GCMs. Moreover, the existence of the runaway greenhouse state, which ha
not been shown in EBMs, was confirmed. In the previous studies, however, effects of land-ocean distribution and atmospheri
composition were not considered. In this study, we assume the atmospheric composition and the land-ocean distribution same
those of the present Earth, and show dependence of the Earth’s climate and some physical variables on the solar constant.

In the experiments, we use a planetary atmosphere general circulation model, DCPAM5. Dynamics process is calculated b
solving the primitive equations with a spectral method. For radiative process, the Earth radiative model by Chou et al. (2001) is
used. Condensation process is represented by Relaxed Arakawa-Schubert scheme (Mootrhi and Suarez, 1992). Vertical turbul
mixing process is represented by the Mellor and Yamada (1982) level 2.5 scheme. Cloud process is represented by forecasti
mixing ratios of a cloud ice and a cloud water, with considering advection, turbulent mixing, production by condensation, and
loss with fixed time constants. On the land surface, the surface and soil temperatures are calculated by a soil heat conducti
model, and the soil moisture is calculated by a bucket model (Manabe, 1969). For the ocean, a slab ocean with depth of 60 |
is assumed. The surface albedo of the ocean is set to 0.6 where the surface temperature is below 271.15 K, while it is set to C
where the surface temperature is above 271.15 K. We use data of ETOPO1 (Amante and Eakins, 2009) and Matthews (198
1984, 1985) for topography and surface albedo distribution, respectively. As for ozone distribution, we use a zonal mean valu
of climatology of CMIP5 simulations. Resolution used in this study is a longitude-latitude grid size of about 5.6 degrees, and
26 vertical levels. By the use of the model, we performed 15 experiments with various solar constants and two initial conditions
to explore dependence of the Earth’s climate on the solar constant. The given solar constant ranges from 1260 500
Wm~2, and two initial conditions are isothermal atmospheres of 280 K or 200 K.

The results of the experiments confirmed existence of globally ice-covered states, partially ice-covered states, and ice-fre
states, that had been discovered by previous studies by the use of EBMs and GCMs. Moreover, we found the climate regim
diagram is different between in the southern hemisphere and in the northern hemisphere, because of the difference in the lan
ocean distribution. We examined the change of meridional circulation as changing the solar constant. As the solar constal
increases, the upward flow region of meridional circulation moves southward, and the strength of meridional circulation does
not increase monotonically. The strength of meridional circulation has the maximum when a planet is in a partially ice-covered
state in both hemispheres. Moreover, examination of the strength of meridional circulation in a partially ice-covered state show
as the solar constant increases, the circulation becomes week in the southern hemisphere, but become strong in the north
hemisphere.

As a next step, we will confirm the existence of a runaway green house state, and a large ice cap and small ice cap instabilities
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