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The role of clouds has been identified as a key uncertainty
in studies of global climate change (e.g., Cess et al. 1990).
Among the mostimportant clouds for climate are the cirrus,
cirrostratus, and “anvil” clouds found in the upper
troposphere. These clouds are often produced by the
detrainment outflow from deep cumulus convection, but
can also be forced by flow over orography and a variety of
other mechanisms. They absorb much of the infrared
radiation upwelling from below and re-emitit at much lower
temperatures, thus producing a strong netradiative warming
in the infrared part of the spectrum. Their tendency to cool
the Earth by increasing its albedo is also important, but
infrared warming typically dominates.

In support of the Atmospheric Radiation Measurement
(ARM) program, we are developing an improved
parameterization of upper tropospheric cloudiness, with
emphasis on cloud formation, maintenance, and destruction
{(as opposed to cloud optical effects) by

+ following the semi-empirical approach similar to that
used by Xu and Krueger (hereafter XK) (1991)

+ following, in parallel, aphysically based approach based
on the use of prognostic liquid/ice and variables, and an
approach similar to that outlined by Randall (1989),
together with an improved parameterization of moist
convection

- conducting preliminary tests of the new
parameterizations in a one-dimensional version of the
Colorado State University (CSU) general circulation

~ model (GCM), including tests in which the one-
dimensional model is “forced” with observations (e.g.,
of large-scale vertical motion) coliected at ARM sites

» using the UCLA cumulus ensemble model (CEM) to
perform further tests of the parameterization, in part by

simulating observations collected during ARM, and to
suggest model-development strategies

» performing climate simulations with the full three-
dimensional version of the CSU GCM

« making the improved parameterizations available and
adaptable for use in other models, through use of
suitable design strategies and also through ARM's
Cloud and Radiation Testbed (CART).

The Colorado State University GCM is descended from the
UCLA GCM. It includes advanced parameterizations of
cumulus convection and boundary-layer clouds, as well as
highly sophisticated numerical schemes (e.g., Randall et
al. 1989). Cloud and radiation results produced by the
model have been extensively compared with observations
(e.g., Randall et al. 1985; Harshvardhan et al. 1989;
Randall and Tjemkes 1991). Several model development
efforts are currently under way at CSU, including coupling
with an ocean model and incorporating a land-surface
vegetation model with an explicit representation of
photosynthesis.

The GCM can be run as a one-dimensional (1-D) model
that represents a single vertical column in the GCM. The
1-D model includes ali of the physical parameterizations of
the GCM, including cloud formation. It is not based on a
copy of the GCM; instead, the 1-D model is the GCM itself,
simply recompiled and with appropriate input data.
Provisions have been made to include the effects of
prescribed large-scale divergence, pressure-gradient
forces, and horizontal advection terms. As aresult, the 1-D
model is a convenient testbed for new parameterizations
that are intended for use in the global model. It can also be
used to isolate particular physical processes.
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