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Introduction

Our project’'s main goal is to study the effects of clouds,
particularly those with inhomogeneous spatial properties,
on radiation at the top of the atmosphere and at the
surface. To accomplish this goal, we use a combination of
observations from space and at the surface and models to
diagnose processes and predict relationships between
cloud properties and radiation fields. In addition, we develop
theoretical foundations for our main analysis procedure,
which is based on multifractal theory and analysis
techniques.

Our project is thus multi-faceted as is reflected in this
abstract and our presentation. Preliminary analysis of data
from the Atmospheric Radiation Measurement (ARM)
Program involves computing the surface shortwave
irradiance data from the Visible and Infrared Spin-Scan
Radiometer (VISSR) on the Geostationary Operational
Environmental Satellite (GOES), as well as estimating the
multifractal properties of the cloud radiance field observed
by the satellite. The analysis of non-ARM data includes
sateliite and in-situ observations over the Antarctic, as well
as multispectral {visible, IR and microwave) satellite

observations over the globe. The modeling activities
encompass diagnostic studies with a number of radiative
transfer codes, particularly the Discrete Ordinate mode! of
Stamnes et al. (1988) (DISORT), and the development of
a highly flexible Monte Carlo model to compute the three-
dimensional (3-D) radiation field for any cloud (liquid
water) distribution. In addition, a number of multifractal
analyses have been performed with satellite data, and new
radiative transfer simulations have been achieved.

Role of Clouds on
Surface Solar Irradiance
over ARM Central Site

We have developed an operational procedure to compute
the downwelling and net shortwave irradiance at the
surface from hourly GOES VISSR visible data over the
central ARM Site at 1-km resolution. These computations
are performed with aversion of the simple radiative transfer
mode! of Gautier et al. (1980) and require surface and
cloud albedo. Hourly surface albedos are computed from
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Clouds and their radiance fields provide sensitive tests of
these ideas. Using Meteorological Satellite (METEOSAT),
LANDSAT and Advanced Very High Resolution Radiometer
(AVHRR) data at visible, IR, and near IR wavelengths, we
presented the first systematic analysis of satellite cloud
radiances over the ocean. By calculating energy spectra,
we were able to show that over the range of ~160 m to
=4000km, as predicted by the unified scaling model, these
radiances display a very nearly power law form. Since wide
scaling ranges will lead to multifractal statistics, this study
(which must be followed up by studies of the smaller and
larger scales) provides an essential justification for
multifractal modeling of clouds and the associated radiative
transport phenomena. In further support of the unified
scaling model, we also reported on a series of recent
multifractal analyses indicating that the radiance fields are
special types of (“universal”) multifractals also predicted
by the theory.



