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ABSTRACT

Measurements of radiation budgets, both at the top of the atmosphere (TOA ) and at the surface, are essential
to understanding the earth’s climate. The TOA budgets can, in principle, be measured directly from satellites,
while on a global scale surface budgets need to be deduced from TOA measurements. Most methods of inferring
surface solar-radiation budgets from satellite measurements are applicable to particular scene types or geographic
locations, and none is valid over highly reflective surfaces such as ice or snow. In addition, the majority of
models require inputs such as cloud-optical thickness that are usually not known.

Extensive radiative transfer modeling for different surface, atmospheric, and cloud conditions suggests a linear
relationship between the TOA-reflected flux and the flux absorbed at the surface for a fixed solar zenith angle
(SZA). The linear relationship is independent of cloud-optical thickness and surface albedo. Sensitivity tests
show that the relationship depends strongly on SZA and moderately on precipitable water and cloud type. The
linear relationship provides a simple parameterization to estimate surface-absorbed flux from satellite-measured
reflected flux at the TOA. Unlike other models, the present model makes explicit use of the SZA. Precipitable
water is included as a secondary parameter. Surface-absorbed fluxes deduced from this simple parameterized
model generally agree to within 10 W m™2 with the absorbed fluxes determined from detailed radiative transfer
calculations, without including information on the presence or absence of cloud, cloud type, optical thickness,

317

or surface type.

1. Introduction

The importance of accurate knowledge of the surface
radiation budget (SRB) is well known and has been
discussed widely (e.g., Suttles and Ohring 1986). Al-
though there is a long history of ground-based ra-
diation measurements, the spatial coverage is, at best,
sparse and for large regions entirely absent. There are,
for example, few measurements over the two-thirds of
the earth’s surface that is covered by oceans, as well as
over the polar regions, which may be particularly sen-
sitive to climate change due to greenhouse warming.
Satellite data have the advantage of being globally ho-
mogeneous and having high spatial and temporal res-
olution. To exploit the potential of satellite measure-
ments the World Climate Research Programme
(WCRP) established a SRB project whose objective is
to derive the global SRB climatology from satellite
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measurements with an accuracy of 10 W m™2 for fluxes
averaged over a month and regions of 250 X 250 km?
(Suttles and Ohring 1986). While meeting this goal
for longwave radiation is a formidable task, consider-
able progress has been made toward meeting the ob-
Jjective for shortwave radiation.

Techniques to derive insolation at the surface have
been reviewed by Schmetz (1989). The methods can
be separated into two classes: empirical methods such
as those used by Fritz et al. (1964), Tarpley (1979),
and Klink and Dollhopf (1986); and physical methods,
such as those described by Gautier et al. (1980), Moser
and Raschke (1983), Pinker and Ewing (1985), Buriez
et al. 1986, and Dedieu et al. (1987). The empirical
methods develop regressions based on simultaneous
and collocated satellite-radiance and surface-irradiance
data, while the physical models interpret satellite-mea-
sured radiances in terms of scattering, reflection, and
absorption parameters that are subsequently used in
radiative transfer models or parameterized models to
determine atmospheric transmittance and, hence, in-
solation. A

However, for many purposes, including climate
studies, it is net surface radiation rather than insolation
that is significant. Net radiation is usually determined
by combining the measurement of insolation with an






