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ABSTRACT

We have taken an important first step in validating climate models by comparing model and satellite inferred
clear sky TOA (top-of-atmosphere) albedos. Model albedos were computed on a 1° X 1° latitude~longitude
grid, allowing for variations in surface vegetation type, solar zenith angle, orography, spectral absorption/scattering
at surface and within the atmosphere. Observed albedos were inferred from GOES-2 minimum narrowband
(0.55-0.75 um) brightness for November 1978 over South America and most of North America and adjacent
ocean regions. Comparisons of TOA albedos over ocean agree within +1% (the unit for albedo is in percent
and the differences in percent denote absolute differences), and thus lie within both theoretical uncertainties
(due to water vapor and aerosol concentrations, and ocean surface spectral reflectivity), as well as observational
uncertainties. The ocean comparisons also show significant latitudinal variations in both model and observations.
Albedos over land mostly agree within +2% for the entire range of significant geographical variation of albedo
from 13% over the Amazon Basin to 24% over mountains of western North America. These agreements lie
within both theoretical uncertainties (due to surface type and spectral/zenith angle dependencies), as well as
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observational uncertainties (due to spectral and angular conversions of observed brightness to broadband albedos).

1. Introduction

Clear-sky albedo is an important climate variable
that determines not only the absorbed solar radiation
under cloudiess conditions, but also the role of clouds
in modulating the solar radiation budget of the Earth—
atmosphere system. For example, the effect of clouds
on the solar energy absorbed by the surface-atmosphere
system over a given region is simply proportional to
the difference between the clear-sky albedo and the al-
bedo of the region with clouds of any arbitrary vertical
distribution. Hence, an accurate determination of the
clear-sky albedo is a crucial requirement for climate
studies.

Accurate estimates of clear-sky albedos, either from
model computations or from satellite observations, al-
though conceptually straightforward, are quite com-
plicated and cause numerous practical difficulties.
Clear-sky albedo is governed by the radiative interac-
tions between atmospheric absorption and scattering,
and surface-reflection features which vary with wave-
length and solar zenith angle. For example, the strong
spectral dependence of land surface reflectivity is gov-
ermmed by soil characteristics, vegetation types, and
morphology (i.e., orientation with respect to the sun)
which vary on spatial scales of the order of several
hundred meters or less. Characterization of these fea-

*** NCAR is sponsored by the National Science Foundation.

© 1986 American Meteorological Societv

tures on the scale of several hundred kilometers poses
a formidable challenge to climate modelers. (See Dick-
inson, 1983, fora more detailed discussion of the mod-
eling of land surface reflectivity.)

Therefore, it is extremely important to validate the
climate modeling practice of specifying bulk values of
land reflectivities representative of regions of several
hundred square kilometers or greater. This modet val-
idation is the primary objective of the present inter-
comparison study. The observed values used here are
the clear-sky, broadband (0.2-4.5 pym) albedos inferred
by Minnis and Harrison (1984c) from the visible (0.55~
0.75 pm) channel instrument onboard the Geostation-
ary Operational Environmental Satellite (GOES). The
model calculations employ an improved version of the
clear-sky radiative transfer model described in Briegleb
and Ramanathan (1982). .

The comparison study focuses on the region ob-
served by GOES-2 between 45°S and 45°N, 30°W and
125°W. It is limited to the month of November. The
choice of the region and the month is governed by the
availability of the observational data. The selected re-

.gional location, however, covers most of North and

South America and representative portions of the At-
lantic and Pacific Oceans. It includes adequate samples
of varied types of vegetation (forests, grassland, and
shrubland), and surface conditions (ocean, swamps, wet
soil, and desert conditions). Furthermore, the latitu-
dinal variation of 45°N to 45°S is sufficient to cover
many of the possible nonlinear interactions between






