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Most of today's general circulation models (GCMs) have a
greatly simplified treatment of condensation and clouds.
Recent observational studies of the earth's radiation budget
have suggested cloud-related feedback mechanisms to
be of tremendous importance for the issue of global
change. Thus, an urgent need for improvements in the
treatment of clouds in GCMs has arisen, especially as the
clouds relate to radiation. In this paper, we investigate the
effects of introducing prognostic cloud water into the Los
Alamos GCM. The cloud water field, produced by both
stratiform and convective condensation, is subject
to 3-dimensional advection and vertical diffusion. The
cloud water enters the radiation calculations through the
longwave emissivity calculations.

Results from several sensitivity simulations show that
realistic cloud water and precipitation fields can be obtained
with the applied method. Comparisons with observations
show that the most realistic results are obtained when
more sophisticated schemes for moist convection are
introduced at the same time. The model's cold bias is
reduced and the zonal winds become stronger because of
more realistic tropical convection.

I ntrod uction

The last decade has seen an increasing demand for better
and more reliable models for the general circulation of the
atmosphere. As the models have improved, their results
have been used as a basis for political documents (IPCC
1990). The models still have many unresolved problems.
Perhaps the most notable ones concern the coupling
between the atmosphere and ocean and the treatment of
clouds. In this paper, we shall address some aspects of the
latter problem.

For a long while, cloud treatment was extremely simple in
most GCMs, see, e.g., Manabe et al. (1965). The conden-
sation schemes simply dumped out as rain all condensing
moisture, meaning that no mass was left in the water/ice
phase. The radiation scheme would then assume a certain
cloud distribution, which in the earliest models was based
on climatology, but was later replaced by some interactive
information, e.g., condensation rates. This is still the
situation in many of today's models, and there is an urgent
need to develop more realistic couplings between
condensation and radiation. These couplings are a key
feature of the atmosphere's response to changes inextemal
forcings, as emphasized by, e.g., Kiehl and Ramanathan

(1990).

One step that can be taken to improve the cloud treatment
and its coupling to radiation is to carry cloud water/ice as
a prognostic variable in the model. First proposed by
Sundqvist (1978), the approach has been subsequently
adopted by a few GCM groups, e.g., Roeckner (1988), Le
Treut and Li (1988). But none of these studies have clearly
identified the significance of using prognostic cloud water.
Furthermore, the cloud water has been computed for
stratiform condensation only. In the present model,
convection also produces cloud water, which is put together
with its stratiform counterpart and subjected to both
advection and vertical diffusion.

Since it is well known that both short- and longwave
radiative transfer are strongly dependent on liquid (or ice)
water path, the cloud water variable enables an improved
interaction with radiation. It is perhaps less obvious that the
cloud water needs to be prognostic, rather than diagnostic.
However, as discussed by Randall (1989), the prognostic
feature is expected to be particularly important in areas of
deep convection. There, cloud ice, in the form of cirrus
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clouds formed by the deep convection, can be subject to
advection over long distances by upper-troposphericwinds,
since ice particles have a long lifetime in these
environments.

In this paper, the effects of introducing the prognostic cloud
water treatment of Sundqvist (1988) in the Los Alamos
GCM will be investigated. Results from several annual-
cycle sensitivity simulations will be described. The purpose
of the simulations was to clarify details concerning the
cloud treatment.

The Los Alamos GCM
and its Cloud Treatment


