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ABSTRACT

A methodology is developed to apply a parameterization of radiative transfer calculations to satellite analyses
of cirrus clouds. Cloud heights and optical depths are derived from visible and infrared window measurements
taken during the First ISCCP (International Satellite Cloud Climatology Project) Regional Experiment (FIRE)
when cirrus clouds were present. Geostationary satellite retrievals are compared to lidar-derived cloud heights
and retrievals from a polar-orbiting satellite taken at different angles to determine which theoretical models of
scattering phase function and single-scattering albedo best represent actual cirrus clouds. Models using small
hexagonal ice crystals with a diameter of 20 pm (C20) and a size distribution of slightly larger hexagonal ice
crystals representing a cirrostratus (CS) cloud produce the best results. The resulting mean cloud heights are
within £0.3 km of the lidar results and have instantaneous uncertainties of 1.3 km. Mean cloud heights derived
using a model based on water droplets with a 10-um effective radius (ID) and a model based on a distribution
of large ice crystals (cirrus uncinus, CU) are 1.3 km less than the lidar heights. The cloud height biases are due
to overestimates of the cloud optical depths that are as much as 1.7 times greater than the C20 values. Reflectance
patterns computed with the ice crystal models are consistent with the dual-satellite, multiangle observations of
optical depth. Of the three ice-crystal models, the C20 model produced the least bias (3% ), while the CU model
yielded the greatest (12%). The ID-model optical depths derived using the geostationary satellite were 67% less
than those from the polar-orbiting satellite. It is concluded that interpretation of cirrus reflectance with water-
droplet models leads to biased results. This finding has important implications for the cirrus cloud properties
derived by the ISCCP. The cloud-height and optical depth biases can be minimized with the use of the C20 or

1305

CS models.

1. Introduction

Visible (VIS; 0.65 um) cloud optical depth can be
used in satellite analyses to determine cloud infrared
(IR; 11.5 um) emittance and, subsequently, derive the
equivalent blackbody temperature of the cloud using
the observed IR radiance. In Part I of this paper, Minnis
et al. (1993, hereafter referred to as MLT), developed
a parameterization of VIS reflectance and IR emittance
at the top of the atmosphere from radiative transfer
calculations using various theoretical cloud particle-
scattering phase functions and single-scattering albedos.
This parameterization was then used to show that the
optical depth for a given VIS reflectance observed by
a satellite could vary substantially depending on the
cloud microphysics. Thus, there is a potentially wide
variation in the cloud temperatures and altitudes that
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could be inferred from a given VIS and IR radiance
pair. In particular, MLT demonstrated that the inver-
sion of VIS and IR radiances from a theoretical cir-
rostratus cloud using a model based on a water-droplet
phase function, on average, overestimates a typical cir-
rus cloud temperature by ~ 15 K. This result translates
to an underestimate of cloud height by 2 km or more
for such optically thin clouds. Currently the Interna-
tional Satellite Cloud Climatology Project (ISCCP; see
Schiffer and Rossow 1983) is using a model based on
a water droplet distribution to derive VIS cloud optical
depth and IR cloud emittance (Rossow et al. 1988).
If real cirrus clouds have characteristics similar to those
of the theoretical ice clouds examined by MLT, the
cirrus optical depths and cloud heights derived by the
ISCCP may be significantly biased. This paper attempts
to verify if the theoretical models in the MLT study
are representative of actual cirrus clouds.

Validations of theoretical phase functions have been
attempted through both direct and indirect means. For
example, Sassen and Liou (1979) used a cloud cham-
ber, laser, and nephelometer to directly measure the






















































