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ABSTRACT

Radiative-convective statistical equilibria are obtained using a two-dimensional model in which radiative
transfer is interactive with the predicted moisture and cloud fields. The domain is periodic in x, with a width
of 640 km, and extends from the ground to 26 km. The lower boundary is a fixed-temperature water-saturated
surface. The model produces a temperature profile resembling the mean profile observed in the tropics. A
number of integrations of several months’ duration are described in this preliminary examination of the model’s
qualitative behavior.

The model generates a QBO-like oscillation in the x-averaged winds with an apparent period of ~60 days.
This oscillation extends into the troposphere and influences the convective organization. In order to avoid the
associated large vertical wind shears, calculations are also performed in which the x-averaged winds are constrained
to vanish. The convection then evolves into a pattern in which rain falls only within a small part of the domain.
The moisture field appears to provide the memory that localizes the convection.

If the vertical shears are fixed at a modest nonzero value, this localization is avoided. Comparing calculations
with surface temperatures of 25° and 30°C, the planetary albedo is found to decrease with increasing temperature,
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primarily due to a reduction in low-level cloudiness.

1. Introduction

As computer resources have increased, some cloud
modelers have moved from the investigation of indi-
vidual convective cells to the study of the statistical
properties of moist convection in different large-scale
environments (e.g., Lipps and Hemler 1986; Tao et al.
1987; Nakajima and Matsuno 1988; Sui et al. 1993).
In some cases, these studies are motivated by the desire
to test closure schemes for moist convection or cloud
cover in larger-scale models (Gregory and Miller 1989;
Xu and Krueger 1991). In such calculations, the ther-
modynamic state of the atmosphere does not come
into equilibrium with the convection; indeed, it is pre-
cisely the tendency of the large-scale temperature and
moisture fields, for a given large-scale state, that is of
primary interest in testing closure schemes. In contrast,
in this paper we examine a model in which the moist
convective turbulence and its environment come into
mutual equilibrium. This equilibrium is achieved not
only through the exchange of heat and moisture by the
convection, but through the effect of clouds on radiative
fluxes and heating rates as well.
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Radiative-convective equilibrium models have
proven to be invaluable in studies of climatic sensitivity.
Following the classic study of Manabe and Strickler
(1964), in these models one assumes the existence of
the vertical heat transport needed to prevent the lapse
rate from increasing beyond some prescribed value.
An assumption is also required to determine the hu-
midity profile; fixed relative humidity is the most com-
mon choice, following Manabe and Wetherald (1967).
The limiting lapse rate and the relative humidity profile
are typically taken from the present climatic state. One
also generally assumes that the cloud amounts and op-
tical properties are fixed, aithough the implications of
other assumptions have been examined, as in Somer-
ville and Remer (1984). [Ramanathan and Coakley
(1978) provide a review of radiative—convective mod-
els.] Our goal in this work is to replace these assump-
tions with an explicit model of moist convective heat
and water vapor transport and cloud formation. Some
of the issues that arise in such a study are discussed by
Sarachik (1978) and Betts and Ridgeway (1989).

A two-dimensional nonrotating model has been
chosen so that the long integrations needed, of several
months’ duration, would be feasible. Some of the
properties of the convection and cloud field in a sta-
tistically steady state will undoubtedly be sensitive to
dimensionality. [ The calculations of Lipps and Hemler






