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ABSTRACT

Recent calculations suggest that mature cloud clusters produce a vertical distribution of diabatic heating
with a sharp maximum near 400 mb and very weak heating below 600 mb. It is demonstrated that when such
a vertical distribution of heating is applied to a linear steady-state model it results in simulated tropical east-
west circulations which are in much better agreement with observations than those which are produced with
a more conventjonal heating profile. In particular, the mature cloud cluster heating profile produces a Walker
Circulation with its centers at the observed altitudes and with the observed westward tilt with height. It is
suggested that the mature cloud cluster heating profile may provide the appropriate vertical distribution of
tropical diabatic heating in many cases, since the presence or absence of mature cloud clusters is ofien the
proximate cause of heating variations in the tropical atmosphere. Some further implications of this suggestion

for large-scale dynamics and climate are discussed.

1. Introduction

One of the most central and difficult problems in
the theory of climate is the proper treatment of the
interactions among moist convection, radiative transfer
and large-scale dynamics in the atmosphere. Because
of the complexity of the processes taking place in each
of these areas and the large difference in the spatial
scales of moist convection and large-scale dynamics,
even a numerical approach to the complete interaction
problem has not been attempted. In large-scale climate
modeling it is necessary to simplify the treatment of
radiative transfer and to parameterize the moist con-
vection in terms of the large-scale variables in order
to obtain a practical model. Even the most sophisticated
schemes for the parameterization of convection, which
attempt to take into account the effect of the small-
scale circulations associated with moist convection,
begin with conceptualizations of moist convection
which are rather simple compared to the complex
structures observed in the atmosphere.

Recently Houze (1982) has provided an assessment
of the net heating of the atmosphere produced by a
mature tropical cloud cluster. Cloud clusters produce
a large fraction of the precipitation in the tropics. Typ-
ically, a cloud cluster consists of cuamulonimbus towers
organized into mesoscale lines or groups, and an ex-
tensive mid-to-upper-tropospheric stratiform cloud
deck connecting the mesoscale groups of cumulo-
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nimbus. The top of this extensive cloud deck covers
the whole cluster and appears in satellite imagery as
a broad continuous cloud shield. A broad, gentle me-
soscale updraft driven by condensational heating exists
within the cloud deck. Precipitation falls from the
stratiform cloud and a lower-tropospheric mesoscale
downdraft is driven by melting and evaporation of the
stratiform precipitation below the base of the cloud
deck. Houze showed that the latent and radiative heat-
ing associated with the stratiform cloud deck are com-
parable in magnitude to the heating associated with
the cumulus towers. Moreover, the vertical distribution
of the heating associated with the upper level stratiform
cloud is such that it augments the tower heating at
upper levels (due to condensational and radiative heat-
ing) and counteracts the tower heating in the lower
troposphere (a result of cooling by melting and evap-
oration). ' :
Fig. 1 presents a schematic representation of the
shapes of the heating profiles assuming that the heating
is produced by convective towers alone (the conven-
tional profile, CP) and assuming that the total heating
is produced by the combination of convective tower
heating and stratiform cloud heating typical of a mature
tropical cloud cluster (the mature cluster profile, MC).
These profiles are idealized adaptations from Fig, 12
of Houze (1982). Note that for the mature cluster pro-
file there is almost no heating below 4 km and the
heating in the upper troposphere is greatly enhanced
over that produced by the convective towers alone.
The contrast between the conventional heating profile
and the profile obtained by Houze for mature cloud
clusters is significant, since the implications of the two






