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ABSTRACT

The effects of snow and cloud cover on bidirectional reflectance were examined using visible radiation (0.5-
0.7 um) data measured by NOAA polar orbiting satellites between June 1974 and February 1978. Reflectances
resulting from different cloud/snow cover conditions were compared using Northern Hemisphere snow cover
maps, surface weather charts, satellite photos and data on land surface types. This was done for the prevalent
surface types found in regions which, at certain times during the Northern Hemisphere winter, showed marked
interannual variations in snow cover.

None of the cases studied showed that concurrent cloud and snow cover produced significantly different
reflectances than cloud cover alone. Cloud cover alone was found to yield higher reflectances (~0.62) than
snow cover alone, with the difference being greatest over forested areas. Clear-sky reflectances over farming and
grazing lands [snow (0.45), no snow (0.15)] were found to be significantly higher than those over forested regions
[snow {0.33), no snow (0.11)}. Variations in satellite zenith angle were not found to produce significant effects
in most cases studied. Local viewing times at high latitudes for the polar orbiting satellites were found to vary
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from 0800 to as late as 1200 LST.

1. Introduction

Reasonably accurate measurements of planetary al-
bedo were first obtained with the Nimbus II meteo-
rological satellite, which operated from 16 May to 28
July 1966. Nimbus II was the first satellite to measure
the radiation balance over the entire globe due to its
nearly polar, sun-synchronous orbit (Raschke, 1968).
Since then increases in satellite operational lifetime,
along with improvements in the resolution of radi-
ometers, have led to larger and more accurate com-
pilations of radiation budget parameters, including
planetary albedo. Despite this, there have been rela-
tively few studies to date of satellite data that have
examined the nature and variability of planetary albedo
(Henderson-Sellers and Wilson, 1982).

The purpose of this study is to add to the knowledge
of the effects of snow and cloud cover on planetary
albedo. These effects have important applications in
fields of study such as snow/albedo and cloud feedbacks
in climate models and snow and cloud detection from
satellites. Because the satellite data we use are measured
only in visjble wavelengths (0.5-0.7 um) and because
only a small range of relative azimuth angles were
available and very large satellite viewing angles were
unavailable, we present measurements of a particular
range of values of the bidirectional reflectance function
R (Warren, 1982) rather than comprehensive broad-
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band planetary albedo measurements. In order to
transform our measurements into spectral albedo, they
would have to be integrated over all reflection angles.
Because we find virtually no dependence on viewing
zenith angle, however, if azimuth angle dependence is
small, then the surfaces we viewed can be assumed to
be isotropic and the values we present would represent
planetary spectral albedo for the range of solar zenith
angles studied. We will use the term “reflectance” in
this paper to mean the top-of-the-atmosphere (plane-
tary) visible wavelength value of R for the relative azi-
muth angles, viewing angles and solar zenith angles
indicated. Although Taylor and Stowe (1984) present
planetary albedo values and R for snow-covered ice
caps, the measurements presented here are the first over
seasonally snow-covered land surfaces.

We used observations obtained by NOAA polar or-
biting satellites between June 1974, and February 1978
to examine reflectance for conditions of: 1) overcast
skies with snow cover present, 2) overcast skies with
no snow cover, 3) clear skies with snow cover present
and 4) clear skies with no snow cover. These conditions
were examined in conjunction with the surface types:
1) coniferous forest, 2) arable and mixed farming lands
and 3) grazing lands, these being selected due to their
prevalence in the regions chosen for study. Preliminary
results were presented by Kaiser and Robock (1984).

2. Data

The NOAA 2, 3, 4, and S satellites which obtained
the observations used in this study were Improved TI-






