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ABSTRACT

A linearized numerical model of the steady axially symmetric motions on a sphere is developed and
applied to the earth’s atmosphere. The motions are driven by radiative cooling, conduction of heat from
the surface and applied heat sources. The applied heat sources are meant to represent the zonally averaged
effect on the large scale of cumulus convection. Frictional effects included are smali-scale turbulent mixing
in the vertical, represented by eddy viscosity, and “‘cumulus friction.” The model results show that cumulus
heating and friction drive a meridional circulation comparable to the observed. Detrainment of tall cumulus
leads to a horizontal temperature gradient reversal near the tropical tropopause, as is observed. Sea surface
temperature gradients are shown to drive a significant meridional circulation below 800 mb. If the cumulus
precipitation is proportional to the moisture convergence in the Jower atmospheric layers, the moisture con-
vergence produced by the mass circulation driven by sea surface temperature gradients will produce an
ITCZ near the latitude of maximum sea surface temperature. Preference for a certain latitude of frictional
convergence due to upper level heating (CISK) could alter this conclusion, but it is shown that the most
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unstable CISK perturbation occurs at the equator.

1. Introduction

An idealized steady-state model, which we believe
to be relevant to the understanding of the general
circulation of the earth’s atmosphere, is analyzed be-
ginning in this paper and continuing in Schneider
(1977). The model is one of a compressible atmosphere
on a rotating sphere driven by internal heat sources,
meant to represent the effect of the release of latent
heat of condensation during cumulus convection, and
radiation, Transports of heat and momentum by large-
scale eddies, such as those eddies associated with baro-
clinic instability and topographic forcing, are sup-
pressed. The model is therefore not to be regarded as
a sort of two-dimensional approximation to a general
circulation model but rather as an instrument to gain
understanding of the atmospheric circulation by elimi-
nation of some of the more complex behavior.

In particular, this model can be viewed as the calcu-
lation of a basic state for stability studies, historically
an idealized longitude-independent procedure. Most
studies of baroclinic instability assume an analytically
tractable, zonally symmetric basic state to perturb.
The results obtained from such studies form the basis
for much of the current theory of the general circula-
tion and of climate. However, it has been shown that
the behavior and structure of baroclinic-barotropic in-

stabilities are sensitive to the form of the basic zonal
flow (Brown, 1969; Gall, 1976a,b), so that it is im-
portant to choose the basic state correctly. The results
found here form a consistent basic state for an a priori
discussion of the earth’s general circulation.
Symmetric models have played a large role histori-
cally in the understanding of the general circulation of
the earth’s atmosphere and many early explanations
were symmetric. For a review of some of the more im-
portant theories, the reader is referred to Lorenz
(1967, pp, 59-78). None of the theories presented in
Lorenz are explicitly calculated solutions to the equa-
tions of motion. More recently, however, the symmetric
circulation has been relegated to a secondary role in
the explanation of the general circulation. This shift
in emphasis occurred in part because the internal heat
source considered in driving the symmetric circulation
models was radiative only, and the results did not
qualitatively resemble the earth’s atmosphere. Thus,
researchers were led to the conclusion that the trans-
ports which determined the dynamical structure of the
earth’s atmosphere were due to large-scale “eddies’
produced by instability of the radiatively driven, sym-
metric basic state. Simple models such as those of Eady
(1950) and Charney (1959), where transports by the
meridional circulation were basically ignored and eddy






