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ABSTRACT

Current techniques for deriving cirrus optical depth and altitude from visible (0.65 pm) and infrared (11.5
um) satellite data use radiative transfer calculations based on scattering phase functions of spherical water
droplets. This study examines the impact of using phase functions for spherical droplets and hexagonal ice
crystals to analyze radiances from cirrus. Adding-doubling radiative transfer calculations are used to compute
radiances for different cloud thicknesses and heights over various backgrounds. These radiances are used to
develop parameterizations of top-of-the-atmosphere visible reflectance and infrared emittance utilizing tables
of reflectance as a function of cloud optical depth, viewing and illumination angles, and microphysics. This
parameterization, which includes Rayleigh scattering, ozone absorption, variable cloud height, and an anisotropic
surface reflectance, reproduces the computed top-of-the-atmosphere reflectances with an accuracy of +6% for
four microphysical models: 10-um water droplet, small symmetric crystal, cirrostratus, and cirrus uncinus. The
accuracy is twice that of previous models.

Bidirectional reflectance patterns from theoretical ice-crystal clouds are distinctly different from those of the
theoretical water-droplet clouds. In general, the ice-crystal phase functions produce significantly larger reflectances
than the water-droplet phase function for a given optical depth. A parameterization relating infrared emittance
to visible optical depth is also developed. The effective infrared emittances computed with the adding-doubling
method are reproduced with a precision of +2%. Infrared scattering reduces emittance by an average of 5%.
Simulated cloud retrievals using the parameterization indicate that optical depths and cloud temperatures can
be determined with an accuracy of ~25% and ~6 K for typical cirrus conditions. Retrievals of colder clouds
over brighter surfaces are not as accurate, while those of warmer clouds over dark surfaces will be more reliable.
Sensitivity analyses show that the use of the water-droplet phase function to interpret radiances from a theoretical
cirrostratus cloud will significantly overestimate the optical depth and underestimate cloud height by 1.5-2.0
km for nominal cirrus clouds (temperature of 240 K and visible optical depth of ~1). The parameterization
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developed here is economical in terms of computer memory and is useful for both simulation and interpretation

of cloud radiance fields.

1. Introduction

Accurate quantification of cirrus cloud properties
from satellite measurements is particularly important
to understanding the role of cirrus in climate change.
In addition to their effects on the atmospheric energy
budget through latent heat exchanges, high altitude ice
clouds significantly modulate the flow of radiative en-
ergy into and out of the earth-atmosphere system. The
influence of cirrus clouds on climate has been discussed
extensively by Liou (1986). One of the main topics
stressed by that review paper was the need for more
research of the radiative properties and distribution of
cirrus.
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Cirrus clouds are strong absorbers at infrared wave-
lengths. Due to their relatively small optical depths,
however, only part of the radiation emitted from lower
levels and from the earth’s surface is absorbed by cirrus
clouds. Emission of longwave radiation by these clouds
takes place at temperatures less than those of the surface
and lower levels. Thus, depending on the cloud’s optical
thickness and altitude, the combined transmitted and
emitted radiation lost to space in the presence of cirrus
clouds can be considerably less than that from the clear
sky. This radiation “trapping” effect results in longwave
warming of the surface and troposphere. The additional
tropospheric heating, mainly confined to the upper
layers, has a significant influence on the general cir-
culation. For example, it may cause acceleration of the
subtropical jets and strengthening of the tropical pre-
cipitation maxima (Slingo and Slingo 1988).

Interaction of cirrus with solar radiation is primarily






