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Since the start of the observational satellite record in 1979, a general decline in the
areal extent [1, 2] of the Arctic sea ice cover has been observed. Sea ice thickness data
from submarine surveys and satellite observations have shown a decline in thickness [3].
These changes impact, and are impacted by, the partitioning of solar radiation and the
surface heat budget. Estimates of solar heat absorbed in the ocean and in the ice have
been calculated from 1979 to 2008 on a 25 x 25 km Equal Area Scalable Earth Grid for
the area covered by both seasonal and perennial ice [4, 5]. Input parameters for these
calculations include incident solar irradiance (from reanalysis products), ice
concentration (from satellites), onset dates of melt and freezeup (from satellites), and
ocean and ice albedo (from in situ observations). Albedos were obtained by generalizing
surface based observations of the albedo of open ocean [6] and the seasonal evolution of
sea ice albedo [7]. The seasonal evolution sea ice albedo was defined in terms of the
onset dates of melt and freezeup. Results show a general increase of solar heat into the
ice — ocean system due primarily to a decrease in summer ice area. There was an increase
of solar heating of the ocean during the past few decades in over 85% of the area studied,
with maximum increases of 5% per year. The increase in solar heat input to the ice has
been more modest and is more sensitive to the onset date of summer melt than the
freezeup date. In situ measurements of sea ice mass balance have established a linear
correlation between increased solar heat input to the upper ocean and bottom melting of

the ice. For example, the Beaufort Sea in 2007 had a 500% positive anomaly in solar heat



input to the upper ocean. This is consistent with in situ ice mass balance observations in
that area that showed an extraordinary amount of bottom melting (roughly 2 m) [8].
Further thinning of the ice will lead to more solar heat input to the ocean and enhanced
bottom melting and continued decline of the ice cover. This is a classic of the ice —
albedo feedback. Synthesizing mass balance observations with calculated estimates of
solar heating indicate a strong correlation between solar heat to the ocean and bottom

melting, but only a modest correlation between solar input to the ice and surface melting.
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