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[1] We conduct experiments with an ice-ocean model to
answer the question whether and to what degree unusually
clear skies during the summer of 2007 contributed to the
record sea ice extent minimum in the Arctic Ocean during
September of 2007. Anomalously high pressure over the
Beaufort Sea during summer 2007 appears associated with a
strong negative cloud anomaly. This anomaly is two standard
deviations below the 1980–2007 average established from a
combination of two different satellite-based records. Cloud
anomalies from the MODIS sensor are compared with
anomalies from the NCEP/NCAR reanalysis and are found in
good agreement in spatial patterns and magnitude. However,
these experiments establish that the negative cloud anomaly
and increased downwelling shortwave flux from June
through August did not contribute substantially to the
record sea ice extent minimum. This finding eliminates
one aspect of the unusual weather that may have contributed
to the record minimum. Citation: Schweiger, A. J., J. Zhang,

R. W. Lindsay, and M. Steele (2008), Did unusually sunny skies

help drive the record sea ice minimum of 2007?, Geophys. Res.

Lett., 35, L10503, doi:10.1029/2008GL033463.

1. Introduction

[2] The extreme sea ice extent anomaly observed during
the summer and fall of 2007 has presented the Arctic
research community with a puzzle. The September 2007
ice extent minimum was 24% lower than the previous
2005 record and 37% lower than the 1979–2006 average
[Comiso et al., 2008]. The decline in ice extent was
considerably accelerated over recent trends, with September
sea ice extent lower by four standard deviations over what
would be expected from extrapolation of the 1980–2006
trend (H. Stern, personal communication, 2008). This
raises the question: Does this extreme summer minimum
reflect a warming trend, or is it the result of unusual
weather in 2007? Significant climate events such as the ice
retreat of 2007 also present an opportunity to systemati-
cally test and improve our understanding of the involved
physical processes. The examination of relevant processes
and their interplay is currently underway and various
pieces of the puzzle are emerging. Thinning of sea ice
over the last two decades provides an important piece of this
puzzle [Maslanik et al., 2007]. Unusual wind patterns that
advected ice from the Pacific to the Atlantic sector also
appear to have contributed to the anomaly [Kwok, 2008].

Further, anomalous surface air temperatures have been cited
as a potential cause [Comiso et al., 2008], though it is not
clear at this point whether these are a cause or a response to
the sea ice anomaly. Ocean surface temperatures were
anomalously high [Steele et al., 2008] but their role in sea
ice retreat is still unclear. Another explanation offered
[Maslanik et al., 2007; Stroeve et al., 2008], presented on
the NSIDC web site and reported frequently in the media,
suggests that high-pressure and relatively clear skies from
June through August of 2007 over the Beaufort sea region
and the central Arctic increased downwelling solar radiation
at the surface and accelerated sea ice melt. At first glance,
this explanation appears plausible because of the timing and
magnitude of the cloud anomaly. However, the exact
location and timing of the anomaly are critical for making
this explanation work. An examination of whether the cloud
cover anomaly indeed fits into the sea ice anomaly puzzle
seems to be in order. We therefore seek to determine
whether skies were indeed unusually clear during the
summer of 2007, and if so, how this contributed to the
record ice extent minimum. The answer will be a step
toward a comprehensive explanation of the extreme sea
ice minimum of 2007.
[3] Speculation surrounding the role of clouds in caus-

ing the 2007 sea ice extent anomaly centered on the idea
that a persistent high-pressure cell and relatively clear
skies from June through August of 2007 caused an
increase in downwelling shortwave fluxes which in turn
helped accelerate melt. Figure 1a shows the sea level
pressure anomaly for the summer (June–August) of
2007 relative to the 1980–2007 period. The air pressure
at the center of the anticyclone is greater than two standard
deviations above the mean and can therefore justifiably be
termed ‘‘unusual.’’ Figure 1b shows cloud fractions over
the Beaufort Sea region from June through August for
1980–2007. In order to obtain a sufficiently long record to
assess the anomaly, cloud fractions from the TOVS
Pathfinder Project [Schweiger et al., 2002] were combined
with cloud fractions from the MODIS sensor (MOD08
product, Terra, version 5). Differences between the two
data sets for the overlap period from 2000–2004 are small,
therefore justifying this simple extension of the record.
Cloud fractions over the Beaufort Sea region during
summer of 2007 were 15% below the 1980–2007 mean.
This anomaly exceeds two standard deviations of the
interannual variation. Although the skies were far from
clear (57%), cloud amounts for the summer of 2007 were
indeed unusually low.
[4] In order to assess the total radiative effect of clouds, a

diagnostic called ‘‘total cloud forcing’’ is often considered.
Cloud forcing also helps address the typically opposing
effects of clouds on downwelling short and longwave
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