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The earth’s weather and climate are influenced strongly by
phenomena associated with clouds. Therefore, a general
circulation model (GCM) that models the evolution of
weather and climate must include an accurate physical
model of the clouds. This paper describes our efforts to
develop a suitable cloud model. It concentrates on the
microphysical processes that determine the evolution of
droplet and ice crystal size distributions, precipitation
rates, total and condensed water content, and radiative
extinction coefficients.

We assume afixed temperature, a cloud vertical thickness,
and concentrations and size distributions of cloud
condensation nuclei (CCN) and ice condensation nuclei
(ICN). The computation starts at time t = 0 with a given
concentration of precipitable water entirely in the form of
vapor. As time advances, we compute the evolution of the
number and size distributions of the liquid droplets and ice
crystals along with their evaporation/condensation rates,
collision rates, vertical falling rates, and rates of loss from
outfluxing. We then compute the resulting evolution of the
cloud water vapor, liquid and ice concentrations. As a
byproduct, the precipitation rate and the cloud optical
extinction coefficient are computed.

The evaporation/condensation rate expression for liquid
drops is based on the well-known Kohler equations, which
include the effects of vapor pressure reduction due to
dissolved CCN material (Raoult's law) and enhancement
due to droplet surface tension (Gibbs-Thomson effect). An
inference from these equations is that for small positive
values of the vapor phase supersaturation, there is a
limited range of CCN masses forwhich equilibrium between
the liquid droplets and the vapor phase can exist. For
larger CCN mass above a certain value, mgy,,,, and
corresponding droplet radii above the value r_,, no equilibria
are possible, and the droplets tend to grow without limit—
until the vapor phase supersaturation is reduced.

Eveninthe absence of ICN or ice crystals, these equations
describe a surprisingly complex range of phenomena. For
a given initial value of the vapor-phase supersaturation s
greater than zero (relative to liquid water), the smallest
droplets tend to grow faster than the larger ones, leading
to a droplet size distribution function that evolves rapidly
toward a delta function—i.e., a single droplet size, until
continued condensation onto the droplets causes the
supersaturation to drop to a point where I Which varies
as 1/s, increases to a value larger than the prevailing
droplet radius. At that point, some of the droplets begin to
reevaporate—the smallest first, causing the small drop-
size (haze) part of the distribution to be repopulated. (See
Figure 1.) Atthe same time, the largest droplets are faliing
more rapidly than the smaller ones, resulting in collisions
and coalescence which accelerate the growth of the large
drops at the expense of the smaller ones.

Figure 1 shows the computed evolution of the droplet size
distribution function dN_,, /dlogr vs r for a sequence of
times for a system with onof;l liquid water and vapor (with T
= 270 K and an initial saturation ratio of 1.255).
Condensation onto the CCN is essentially complete within
about 5 seconds. The subsequent evolution is dominated
by droplet coalescence and reevaporation.

Aquantity of particular interestis the computed precipitation
rate and the associated rate of water loss from the cloud.
The computed rate of development of precipitation in
clouds that include only liquid water with no ice phase is
quite slow—somewhat slower than the observed rate of
evolution of clouds over land. For a more realistic
representation of terrestrial cloud systems, the ice phase
must be included.

With the inclusion of ice, at temperatures below about
266 K, we obtain amore rapid development of precipitation
(Bergeron-Findeisen effect). Because the ice crystals have
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