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ABSTRACT

The seasonal cycle of surface albedo of sea ice in the Arctic is estimated from measurements made with the
Advanced Very High Resolution Radiometer (AVHRR ) on the polar-orbiting satellites NOAA-10 and NOAA-
11. The albedos of 145 200-km-square cells are analyzed. The cells are from March through September 1989
and include only those for which the sun is more than 10° above the horizon. Cloud masking is performed
manually. Corrections are applied for instrument calibration, nonisotropic reflection, atmospheric interference,
narrowband to broadband conversion, and normalization to a common solar zenith angle. The estimated
albedos are relative, with the instrument gain set to give an albedo of 0.80 for ice floes in March and April. The
mean values for the cloud-free portions of individual cells range from 0.18 to 0.91. Monthly averages of cells
in the central Arctic range from 0.76 in April to 0.47 in August. The monthly averages of the within-cell standard
deviations in the central Arctic are 0.04 in April and 0.06 in September. The surface albedo and surface temperature
are correlated most strongly in March (R = —0.77) with little correlation in the summer. The monthly average
lead fraction is determined from the mean potential open water, a scaled representation of the temperature or
albedo between 0.0 (for ice) and 1.0 (for water); in the central Arctic it rises from an average 0.025 in the
spring to 0.06 in September. Sparse data on aerosols, ozone, and water vapor in the atmospheric column
contribute uncertainties to instantaneous, area-average albedos of 0.13, 0.04, and 0.08. Uncertainties in monthly
average albedos are not this large. Contemporaneous estimation of these variables could reduce the uncertainty
in the estimated albedo considerably. The poor calibration of AVHRR channels 1 and 2 is another large im-
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pediment to making accurate albedo estimates.

1. Introduction

Surface albedo is a critical component of the surface
heat balance in any part of the world, but for Arctic
sea ice the albedo takes on added significance. Model
results indicate that a 15% to 20% decrease in the sum-
mer albedo would lead to the complete disappearance
of perennial sea ice (Maykut and Untersteiner 1971).
The Advanced Very High Resolution Radiometer
(AVHRR) on the NOAA series of polar-orbiting
satellites presents an opportunity to estimate the area-
averaged albedo, and the seasonal and spatial vari-
ability, of Arctic pack ice. Here we make the first at-
tempt to do this for a large number of manually cloud-
masked AVHRR scenes selected from throughout the
Arctic Basin from spring to early fall.

To put the significance of the albedo of sea ice in its
proper context, consider the surface energy balance
equation:

(l-a)F,+F\-FA4A+F+F,+F.=F, (1)
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in which « is the albedo of the surface, F, is the incom-
ing shortwave solar flux at the surface, F.} is the
downwelling longwave flux emitted by the atmosphere
and clouds, F;4 is the emitted longwave flux, F; and
F, are the sensible and latent turbulent fluxes (to the
surface), F, is the conductive flux within the ice (to
the surface), and F, is the residual absorbed energy
that contributes to melting at or near the surface. In
the absence of a phase change, F, is zero. An example
of the components of the energy balance for July in
the Beaufort Sea is shown in Table 1. The absorbed
shortwave flux is much larger than the turbulent and
conductive fluxes. Small changes in the summer albedo
directly affect the absorbed shortwave energy and the
amount of ice melt.

The albedo within the ice pack varies widely, from
less than 0.10 for open water to 0.87 for fresh snow.
Perovich et al. (1986) report values from a number of
investigators for water, snow, and sea ice under cloudy
skies. Table 2, adapted from their paper, shows that
nonmelting snow or ice can have a cloudy sky albedo
between 0.70 and 0.87. Because the solar flux is selec-
tively absorbed by clouds in near-infrared wavelengths,
and because ice has a lower spectral albedo at these
wavelengths than at visible wavelengths, the broadband
albedo of ice is higher under cloudy skies than under
clear skies. Grenfell and Perovich (1984) find that for






