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ABSTRACT

The effects of condensational heating on midlatitude transient waves in their mature stage are re-
examined by comparing moist and dry GFDL spectral general circulation models, both of which have all
ocean surfaces with prescribed zonally uniform temperature. The zonal mean states of both models are
fixed in time so as to be identical throughout the time integration.

It is found that the transient eddy kinetic energy is significantly enhanced for all wavenumbers by the
effect of latent heat release. This increase is primarily due to an increase in baroclinic conversion from
the zonal available potential energy and only partly due to the generation of eddy available potential

energy by condensational heating.

1. Introduction

There have been several numerical experiments
to study the effects of condensational heating on the
development of midlatitude disturbances (Manabe
et al., 1970a; Nitta and Ogura, 1972; Gall, 1976c;
Ninomiya, 1980) as well as tropical disturbances
(Manabe and Smagorinsky, 1967; Manabe et al.,
1970b; Hayashi and Golder, 1978).

Manabe et al. (1970a) demonstrated, using moist
and dry general circulation models, that moist con-
vective adjustment (Manabe e al., 1965) significantly
increases energy conversion from eddy available po-
tential energy for high wavenumber (10-20) in the
midlatitudes of the model. Without moist convec-
tive adjustments, their model exhibited a greater
and sharper spectral peak at wavenumber 5, in-
dicating large-scale baroclinic waves. This result
seems to be due to the fact that the latitudinal gra-
dient of the mean temperature of the dry model be-
comes very large in the absence of a meridional
transport of latent heat which would reduce the tem-
perature gradient imposed by a sensible heat flux
from the surface.

On the other hand, Nitta and Ogura (1972), using
a limited domain model with no sensible heat flux
from the surface, found a preferential development
of intermediate scale (~1000 km =~ wavenumber 30)
cyclones when moist convective adjustment was in-
cluded. Their model was designed to represent a
region with small Richardson number and high hu-
midity. Since the ‘‘moist’’ Richardson number with

the effect of condensational heating is of the order
of 1, their result was consistent with earlier the-
oretical studies by Gambo (1970a,b), Tokioka (1970,
1971, 1972, 1973) and Stone (1970, 1971). Their re-
sults showed that intermediate-scale cyclones be-
come baroclinically unstable due to non-geostrophic
effects if the moist Richardson number is of the
order of 1. Recently, Ninomiya (1980) found that
the Asian subtropical front is remarkably enhanced
by the moist convective adjustment in his forecast
model.

The effects of latent heat release on growing baro-
clinic waves was studied by Gall (1976c), using a
channel model based on a GFDL general circulation
model in which there was no heat flux from the sur-
face. According to his experiment the eddy Kinetic
energy is enhanced for all wavenumbers (1-30) by
an order of magnitude within several days when
moist convective adjustment is added to a dry model.
However, this result does not necessarily imply that
the eddy kinetic energy of a dry model is enhanced
by an order of magnitude when the waves are already
in a mature stage.

In order to find the climatological effect of con-
densational heating on transient midlatitude waves,
the present paper compares moist and dry general
circulation models whose zonally uniform mean
states are computationally fixed in time so as to be
identical throughout the time integration. It is as-
sumed that this procedure has the same impact on
both the models.






