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ABSTRACT 

1 km A VHRR imagery data from the NOAA satellites, collected during the FIRE Marine 
Stratocumulus Intensive Field Observations, were used to determine differences between the 
reflectivities of uniform, layered clouds and those of broken clouds taken from the same layers. 
Observations for the 0.63 µm channel indicated that regardless of the viewing geometry obtained 
with the polar orbiters, the average reflectivities of broken clouds were approximately 80-85 % 
of the reflectivities of the same clouds when they formed uniform layers. Furthermore, the 
anisotropy of radiation reflected by uniform clouds appeared to be no different than that 
reflected by the broken clouds. Consequently, if the uniform, layered clouds observed in this 
study reflect according to plane-parallel theory, then the reflectivities of broken clouds could 
be approximated by simply reducing the values obtained with plane-parallel theory. For 
observations in the 3. 7 µm channel, the average reflectivities of the broken clouds were generally 
larger than the reflectivities of the uniform, layered clouds. Furthermore, the anisotropy of 
radiation reflected by broken clouds differed from that of the radiation reflected by uniform 
clouds. The reduced reflectivity at visible wavelengths for broken clouds may explain the 10 % 
discrepancy between pre-satellite era estimates of the earth's albedo and satellite estimates. 
Furthermore, while the differences in reflectivities between uniform and broken clouds are 
qualitatively consistent with Monte Carlo simulations of finite cloud effects, they are also 
consistent with plane-parallel radiative transfer models in which the central portions of clouds 
contain relatively large concentrations of liquid water distributed among relatively large 
droplets, while the edges of clouds contain relatively low concentrations of liquid water 
distributed among relatively small droplets. 

1. Introduction 

Clouds reflect the major portion of incident 
sunlight that is reflected by the earth-atmosphere 
system. Through this reflected radiation, clouds 
gain a formidable hold on the earth's radiation 
budget and climate. In calculations of the reflected 
radiation clouds are often treated as being spatially 
homogeneous, isotropic, semi-infinite and plane­
parallel. For over a decade, however, Monte Carlo 
simulations of scattering within clouds (Mckee 
and Cox, 1974; Aida, 1977) as well as analytic 
studies (Davies, 1978) have shown that the reflec­
tivities of clouds that have sides differ substantially 
from those predicted by plane-parallel radiative 
transfer theory. Nevertheless, owing to the com­
plexity of three-dimensional radiative transfer, the 
lack of realistic models for the spatial distribution 
of clouds or for the distribution of scatterers within 

clouds, treatments of finite cloud effects have been 
restricted to simple, idealistic cloud geometries 
such as cubes, cylinders, domes, etc. While the 
treatments for such idealized clouds have led to 
reports of the differences which might be expected 
between plane-parallel radiative transfer calcula­
tions and those for more realistic geometries, they 
have not attempted to estimate what differences 
might be expected between the reflectivities of 
real clouds and those predicted by plane-parallel 
theory. Here satellite observations, which were 
collected as part of the First International Satellite 
Cloud Climatology Project Regional Experiment 
(FIRE) Intensive Field Observations (IFO) for 
marine stratocumulus, are used to determine the 
effects of brokenness on cloud reflectivities. 

Reflected radiation observed with satellite 
radiometers has been used by others to report on 
finite cloud effects. Reynolds et al. ( 1978) found, in 
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