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ABSTRACT

Using a model that combines single-scattering properties for spheroidal and hexagonal ice crystals, the thermal
infrared radiative properties of cirrus clouds have been investigated. Infrared scattering and absorption properties
for randomly oriented spheroids and hexagons are parameterized based on the anomalous diffraction theory
and a geometric ray-tracing method, respectively. Using observed ice crystal size distributions, upwelling radiances
at the top of cirrus cloudy atmospheres have been computed. Results show that the presence of small ice crystals
can produce significant brightness temperature differences between two infrared wavelengths in the 10-um
window. Theoretical results have been compared with observed brightness temperature differences between
8.35and 11.16 um and between 11.16 and 12 um. The observed values were obtained from the High-Spectral
Resolution Interferometer Sounder. It is shown that the use of the present nonspherical modei for ice crystals
in radiative transfer calculations leads to a significantly better interpretation of the observed data than does the

use of the spherical model.

1. Introduction

To be successful in the development of satellite re-
trieval methodologies for the determination of cirrus
cloud properties, we must have fundamental scattering
and absorption data on the nonspherical ice crystals
that are found in cirrus clouds. Recent observations
reveal that there may be a large amount of small ice
particles, on the order of 10 um, in cirrus clouds (Platt
et al. 1989). Thus, it is important to explore potential
differences in the scattering and absorption properties
of ice crystals with respect to their sizes and shapes. In
this paper, the effects of nonspherical ice crystals on
the infrared radiative properties of cirrus clouds are
investigated using light scattering and absorption
properties of spheroidal and hexagonal particles.

In section 2, we develop efficient parameterization
equations for the calculation of the scattering and ab-
sorption properties for small ice crystals, based on the
anomalous diffraction theory for spheroids. Parame-
terization formulas are also developed in section 3 for
large ice crystals, using results computed from a geo-
metric ray-tracing technique. Section 4 describes ap-
plications of the present theoretical analyses to the
AVHRR (Advanced Very High Resolution Radiome-
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ter) channels and HIS (High-Spectral Resolution In-
terferometer Sounder) measurements. A summary is
presented in the final section.

2. Parameterization for small ice crystals

Because of the hexagonal structure, ice crystals of
larger size parameters will produce a number of halo
patterns, which are important for the computations of
the single-scattering properties. However, the scattering
properties for ice crystals of smaller size parameters
depend largely on the overall shape but not on the
subtle differences in particle structure (e.g., see Dungey
and Bohren 1992), Thus, as a first approximation, we
may use a spheroidal model to represent ice crystals
whose size parameters are less than ~30 at which the
geometric ray tracing is not applicable. Latimer (1975,
1980) developed four approximations for the com-
putation of the scattering and absorption properties of
spheroids. The AD-I method, the simplest parameter-
ization, can be used to calculate only scattering and
extinction cross sections, but not the asymmetry factors
for spheroids. Furthermore, the AD-I method does not
reproduce accurate results for extinction and absorp-
tion cross sections. Although the other three methods
can be used to compute the asymmetry factor, as well
as scattering and extinction cross sections for spheroids,
the computation time required is about 100 times more
than the AD-I method because of the additional two
angular integrations involved. None of these methods






