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ABSTRACT

An earlier parameterization that relates the outgoing solar flux at the top of the atmosphere to the flux
absorbed at the surface is modified and extended to allow for variations in atmospheric properties that were
not considered in the original parameterization. Changes to the parameterization have also been introduced as
a result of better treatment of water vapor absorption in the detailed radiative transfer calculations. Corrections
are introduced that account for the height of the surface (surface pressure), ozone amount, aerosol type and
amount, and cloud height and cloud type, which is characterized by an effective cloud droplet radius. Finally,
the results of applying the parameterization to Earth Radiation Budget Satellite measurements are compared
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with the measurements of the net solar flux measured from two instrumented towers.

1. Imtroduction

The necessity of accurate determination of radiation
budgets at the surface on a global scale is well estab-
lished. There have been a number of different ap-
proaches to this problem: particularly noteworthy are
those of Darnell et al. (1992) and Pinker and Laszlo
(1992). A review of earlier approaches is given by
Schmetz (1989). Li et al. (1993a), from the results of
radiative transfer calculations, derived relationships
between the outgoing shortwave flux at the top of the
atmosphere (TOA) and the shortwave flux absorbed
at the surface for clear skies and for four different cloud
types. The only parameters were solar zenith angle and
water vapor amount. Subsequent comparison of net
shortwave fluxes at the surface determined from ap-
plication of these relationships to Earth Radiation
Budget Satellite measurements of the TOA fluxes and
from upward and downward facing radiometers
mounted on towers (Li et al. 1993b) showed that a
single relationship was adequate, regardless of the pres-
ence or absence of cloud or the nature of the surface.
The agreement was equally good when the data were
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stratified into three groups comprising morning, mid-
day, and afternoon measurements. Since each group
might be expected to be predominantly influenced by
a different cloud type, the absence of any significant
difference in the agreement for the different groups
suggests an insensitivity to cloud type. These results
prompted the analysis of five years of Earth Radiation
Budget Experiment (ERBE) data (Barkstrom et al.
1989) and the determination of global climatologies
of the shortwave flux absorbed at the surface and in
the atmosphere, and the surface shortwave cloud forc-
ing (Li and Leighton 1993).

In spite of the success of the clear-sky parameteriza-
tion of Li et al. (1993a) in reproducing the measured
net flux, there are several effects that are not included
in this parameterization that must influence the rela-
tionship between TOA flux and net surface flux. In
addition to water vapor, which was considered in the
original parameterization, variations in concentrations
of trace gases that absorb solar radiation, ozone being
the most important, will influence the relationship be-
tween surface and TOA fluxes. Variations in aerosol
type and thickness may have a greater effect. The pa-
rameterization of Li et al. was based on a relatively
nonabsorbing aerosol, but a more absorbing continen-
tal aerosol of similar optical depth could reduce the
flux absorbed at the surface by a significant amount.
Although the original work did examine the influence’
of different cloud drop size distributions on the rela-
tionship, it did not examine the sensitivity to variations
in cloud-top height, which also could have a significant






