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ABSTRACT

The shortwave absorption, albedo and longwave emissivity of water clouds are parameterized for use in
operational and climatic models of the atmosphere. The parameterization also provides the shortwave
heating and longwave cooling rates within the cloud. The scheme presented in this paper assumes a prior
knowledge of the broadband spectral fluxes incident on the cloud and further assumes that the atmospheric
models will provide the surface albedo, solar zenith angle, cloud temperature and total vertical liquid water
path. The last parameter was chosen because it it likely to be available in atmospheric circulation models
and both observational and theoretical evidence suggest that it is strongly related to the radiative properties
of clouds (Paltridge, 1974; Platt, 1976). ‘ .

The parameterization of shortwave radiation resembles a two-stream approximation which has been
“tuned” to match the results from a detailed theoretical model. The longwave scheme simply involves the
parameterization of effective emissivity. Both schemes have been tested and the errors investigated. The
shortwave radiative properties of clouds when compared against calculations can generally be estimated
by the parameterized scheme to within 5%, of the incident flux at the cloud top. The longwave cooling rates
are well within 0.5°C h™! of the theoretical heating rate profiles. The errors in longwave cooling and short-
wave absorption are much smaller than the uncertainties that may arise from variations of cloud liquid
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water distribution.

1. Introduction

The status of the parameterization of radiation-
cloud energy exchange is not as advanced as the
actual theory of radiative transfer and many outdated
schemes are currently employed in general circulation
models of the atmosphere. The basic aim of any such
parameterization must be to supply the fundamental
radiative properties (e.g., shortwave albedo, longwave
emissivity, shortwave and longwave heating and
cooling rates) in terms of parameters that are likely
to be commonly available from circulation models or
from observation. It is important that such approxi-
mations be simple and useable with a minimum of
information about the cloud.

The parameterization of longwave and shortwave
radiation described here assumes e prior knowledge
of the broadband spectral fluxes incident on the cloud.
This is considered reasonable since the parameteriza-
tion of clear-air fluxes is more advanced than the
parameterization of radiation-cloud interactions (e.g.,
Lacis and Hansen, 1974). The scheme described in
this paper assumes that the operational model will
provide four additional variables. These are the cloud
temperature, solar zenith angle, surface albedo and
total vertical liquid water path (LWP).

The choice of LWP as a parameter to describe the
optical properties of a cloud is not entirely arbitrary.
It is shown that the optical thickness of a cloud for
shortwave radiation can be directly related to LWP.
Observational evidence suggests that the longwave
emissivities are strongly related to LWP (see Part 3).
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The LWP can also be determined by satellite micro-
wave radiometry (Grody, 1976) which is a significant
advantage of any scheme based on this parameter.
Cloud-top temperature is also available from satellite
observations.

The shortwave parameterization scheme is in a form
resembling a two-stream approximation. The funda-
mental scattering variables employed by this approxi-
mation are ‘“tuned” so that its solutions match the
solutions of the more detailed theoretical model of
Part 1. The parameterization gives the cloud albedo
and shortwave absorption and can be modified to
provide flux profiles within the cloud layer.

The longwave scheme is based on the parameteriza-
tion of cloud “effective emissivity.” This quantity
allows the calculation of broadband IR fluxes and IR
cooling rates within the cloud. The concept of ef-
fective emissivity is not new and has been applied
extensively to both clear (e.g., Brooks, 1950; Rodgers,
1967) and cloudy atmosphere (e.g., Cox, 1976; Pal-
tridge, 1974; Platt, 1976).

The performance of the parameterizations is checked
using both observational data and results obtained
from detailed theoretical calculations. An indication
of the accuracy of the schemes is presented. The
paper finally presents a compact summary of the
two schemes.

2. Shortwave parameterization

Assuming that the incident radiation at the cloud
top is in the form of a beam along the direction speci-






