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Dependency of equilibrium states of gray atmosphere on solar constant:

from the runaway greenhouse to the snowball states
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Multiple equilibrium solutions of gray atmosphere are investigated for various values of solar constant. Models used
are a three-dimensional primitive model (GCM) and a one-dimensional energy balance model (EBM). Solutions
obtained by models are only ice-covered states for small values of solar constant, and only runaway greenhouse
states for large values of solar constant. For intermediate values, multiple solutions are obtained, for instance,
a combination of ice-covered state, partially ice-covered state and the runaway greenhouse state. The large ice
cap instability discussed in previous EBMs also occurs in GCM, since a partially ice-covered state with ice line
latitude lower than 20 degrée is not obtained. Contrary to results of EBMs, an equilibrium solution in which ice
line latitude is 22 degree is obtained in GCM. The solution is maintained by condensation heating near ice line

latitude.
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Fig. 1 The relationship between solar constant and ice line lati-
tude obtained by EBM. Marks O, @ and X represent ice-covered
state, partially ice-covered state and runaway greenhouse state,
respectively.
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Fig.2 The relationship between solar constant and ice line latitude
obtained by GCM. Character “F” and “R” represent cases whose
initial states are ice-covered state calculated under S = 1200
W/m?, runaway greenhouse state obtained under S = 1600
W/m?2, respectively. Character “P” and represents results which
are obtained with decreasing S gradually starting from partially
ice-covered state with S = 1300 W/m?. Marks without character
represent cases with isothermal state as initial condition. As for
marks O, @ and X, refer to Fig. 1.
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