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Introduction in reproducing the growth and life cyclE~ of a cloud system
can then be evaluated. The numeric,al model we have
recently acquired from Colorado State University, Regional
Atmospheric Modeling System (CSU-RAMS) (Cotton et al.
1988), is used in this research. Since a modified Kuo
scheme (Tremback 1990) is built in the RAMS, a by-
product of this research is a comparison between two
established cumulus parameterizations through the
methodology described above.

The RAMS MesoscalE~ Model
The RAMS mesoscale model is a highl1' flexible modeling
system, capable of simulating a wide variety of mesoscale
phenomena. The basic model structure is described in
Tripoli and Cotton (1982). More recent model developments
are described in Tremba~ et al. (1986) and Cotton et al.
(1988). The model framework for the present study
incorporates a two-dimensional, terrain-following non-
hydrostatic version of the code. At the su liace , temperature
and moisture fluxes are determined from the surface
energy balance, which includes both short- and longwave
fluxes (Chen and Cotton 1983), latent arId sensible fluxes,
and sub-surface heat conduction from a soil temperature
mode! (Tremback and Kessler 1985). The microphysics
parameterization (Flatau et al. 1989) u:sed in the explicit
cloud simulation describes the physical processes leading
to the formation and growth of precipitati,on particles within
a cloud. The cloud particles can be liquid or ice, or some
combination, and may have a regular or irregular shape.
The scheme categorizes these particles as cloud droplets,
rain drops, ice crystals, snow crystals, ;aggregates of ice
crystals, and graupel or hail. Each sl:>ecies can grow

One of the objectives of the U.S. Department of Energy's
Atmospheric Radiation Measurement (ARM) program is to
improve the parameterization of clouds in general circ:ulation
models (GCMs). The approach we take in the c~urrent
research is to examine the behavior of cumulus
parameterization schemes by comparing theirperformance
in mesoscale simulations with the results from I~xplicit
cloud simulations.

Kao and Ogura (1987) compared the "semi-progl'1ostic"
results by the Arakawa-Schubert (A-S) cu,mulus

parameterization scheme with results produced by acloud
ensemble model (CEM) developed by Tao (1983). This

earlier study builds the foundation for the present
investigation which includes a major refinement. That is,

the performance of the A-S scheme is examined in .3. "fully
prognostic" fashion, and the results are compared with
those derived from a fully time-dependent cloud mode!
(i.e., not a CEM which is normally forced by a pres,cribed

time-independent large-scale lifting process), under
identical atmospheric conditions. We believe this ap!=,roach
is superior to the one in Kao and Ogura (1987) asso,ciated
with the semi-prognostic simulations that cannot sirnulate
the feedback processes between the cloud and large-

scale fields.

We shall call the simulation with the A-S scherrle the
"parameterization case" and the one by a detailed cloud
model the "microphysics case." Note that the only difference
between the two cases is that cloud effect:; are
parameterized in the former with a coarser resolution;
whereas, each cloud is explicitly resolved by the latter with
a much finer resolution. The capability of the A-S scheme
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independently from vapor deposition or self-collection, or
interact with other species through collision and coales-
cence processes. In the configuration used for this :study,
the mixing ratio of each species is predicted anld the
total concentration is diagnosed, using a specifiecj size
distribution.

The two cumulus parameterization schemes used in the
coarse-grid simulations are briefly described as follows.
The A-S scheme employs a one-dimensional steady state
entraining cloud model with basic microphysics to repre-
sent the clouds. A spectrum of sub-ensembles of c:louds
are allowed to form simultaneously and modify the envi-
ronment through compensating downward motion, de-
trainment, and evaporation of cloud water. Cloud-cloud
interaction is considered in a way that the development of
one sub-ensemble cloud can affect the growth of other
sub-ensembles through its stabilizing effect on the large-
scale environment. The exchange processes betweE~n the
boundary layer and the free atmosphere are also included.
The A-S scheme uses a quasi-equilibrium approximation
to close the parameterization, which requires that clouds
stabilize the atmosphere as the large-scale motion gener-
ates moist convective instability.

The Kuo scheme requires a conditionally unstable .3.tmo-
sphere and horizontal moisture convergence for cumulus
clouds to form. Once the clouds form, they heat the
atmosphere by condensation and produce a cloud heating
profile proportional to the cloud excess temperature! (i.e.,
cloud temperature minus environmental temperature).
This scheme only allows one type of cloud to form at a
given time. A more serious concern with the Kuo scheme
is that it requires, in order to close the parameterization, the
specification of a parameter (denoted by b in Kuo 1974)
which represents the fraction of the total moisture supply
that goes into moisture storage. It is expected that b takes
a small value in the areas of disturbed weather conditions
and takes a large value when the atmosphere is dr)'.


