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ABSTRACT

A multiple-scattering radiative transfer model is employed to evaluate the 11 um and the broad-band
infrared (IR) fluxes, cooling rates and emittances in model cirrus clouds for a number of standard
vertical atmospheric profiles of temperature and moisture. The single-scattering properties for scattering
by mono- and polydispersed randomly orientated long ice columns and for the associated polydispersed
equivalent spheres are used in the calculation.

The results reveal IR reflectance at the cloud base of 4% (spheres) and 6% (cylinders). This reflectance
modifies significantly the cloud effective emittances, cloud cooling rates and the emission by the
total atmospheric column. It is shown that the radiative properties of model cirrus clouds determined
under the equivalent sphere approximation represents well the properties determined for scattering
by randomly orientated columns. The largest difference between the sphere and cylinder models is
for reflectance which is a function of the degree of anisotropy of the scatter. It is shown that the rela-
tive contribution to the downward radiative flux at the cloud base (and within the cloud) varied according
to the temperature differences between the cloud and the effective radiative temperature of the warmer
atmosphere below the cloud. For example, the reflection contribution to the downward effective
emittance varies for cylinders (spheres) from 25% (15%) of the total effective emittance in a model
tropical atmosphere to 10% (5%) in a subarctic summer model atmosphere.

The existence of IR reflectance from high clouds may account for the previously reported dis-
crepancies between the broad band (effective) emittances derived from observed flux profiles and the
theoretical values. The results suggest that the reflectance of high clouds should definitely be included
in any parameterization scheme. It appears that the effective emittance is not as useful for high-cloud
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parameterization as for low-level cloud because of its more pronounced dependence on the tempera-

ture structure of the atmosphere.

1. Introduction

Recently, interest has focused on the effects of
cirrus clouds on the energy balance of the atmosphere
as well as its effects on the remote sensing of
atmospheric structure from satellites. Stephens and
Webster (1979), for example, showed that the net
radiative fluxes at the boundaries of the atmosphere
varied substantially for different assumed radiative
properties of cirrus clouds used in the radiative
transfer calculations. These quantities are important
and determine the external forcings of the earth-
atmosphere system. Stephens and Wilson (1980) for-
warded the hypothesis that the radiative heating
associated with high-level clouds is an important
forcing function in tropical cloud clusters. Roewe
and Liou (1978), in a theoretical study, showed that
the presence of a cirrus canopy, even if optically
thin, significantly modulates the tropospheric IR
cooling rates below the cloud layer. It therefore
seems important to understand fully the way in
which cirrus clouds modulate both the radiative
fields within and surrounding the cloud layer. This
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paper concentrates only on the modulation of the
radiative fields within the cloud layer.

Theoretical and observational investigations of
the IR properties of cirrus clouds largely center on
the determination of the radiative properties of
cirrus clouds in various spectral regions (e.g.,
Kuhn and Weikmann, 1969; Platt, 1973; Liou, 1974),
particularly in the atmospheric window region. Few
theoretical studies, apart from that by Roewe and
Liou (1978), present broad band radiative transfer
calculations.

The broad-band IR properties of cirrus clouds are
usually incorporated in dynamic models of the at-
mosphere or in energy budget studies as a broad
band emittance estimated either from observed or
theoretically calculated radiative fluxes. It is im-
portant to understand how broad band radiative
fluxes are modulated in the presence of a cirrus
cloud and the sensitivity of this modulation to
variations of the assumed cloud structure.

This paper aims to investigate the effect of model
cirrus clouds on the IR fluxes and heating rates for
the selected wavelength at 11 um and for broad






