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ABSTRACT

Recent observations of summer Arctic sea ice over the satellite era show that record or near-record lows
for the ice extent occurred in the years 2002–05. To determine the physical processes contributing to these
changes in the Arctic pack ice, model results from a regional coupled ice–ocean model have been analyzed.
Since 1988 the thickness of the simulated basinwide ice thinned by 1.31 m or 43%. The thinning is greatest
along the coast in the sector from the Chukchi Sea to the Beaufort Sea to Greenland.

It is hypothesized that the thinning since 1988 is due to preconditioning, a trigger, and positive feedbacks:
1) the fall, winter, and spring air temperatures over the Arctic Ocean have gradually increased over the last
50 yr, leading to reduced thickness of first-year ice at the start of summer; 2) a temporary shift, starting in
1989, of two principal climate indexes (the Arctic Oscillation and Pacific Decadal Oscillation) caused a
flushing of some of the older, thicker ice out of the basin and an increase in the summer open water extent;
and 3) the increasing amounts of summer open water allow for increasing absorption of solar radiation,
which melts the ice, warms the water, and promotes creation of thinner first-year ice, ice that often entirely
melts by the end of the subsequent summer.

Internal thermodynamic changes related to the positive ice–albedo feedback, not external forcing, domi-
nate the thinning processes over the last 16 yr. This feedback continues to drive the thinning after the
climate indexes return to near-normal conditions in the late 1990s. The late 1980s and early 1990s could be
considered a tipping point during which the ice–ocean system began to enter a new era of thinning ice and
increasing summer open water because of positive feedbacks. It remains to be seen if this era will persist or
if a sustained cooling period can reverse the processes.

1. Introduction

Floating ice pack is a key component of the Arctic
Ocean physical and biological systems. It controls the
exchange of heat, water, momentum, and gases at the
sea surface. Changes in the albedo of the surface
brought on by changes in the ice cover over very large
areas are a major factor in global climate change.
Through its role as a transporter of freshwater, it mod-
ifies the static stability of the ocean in key areas where
deep convection occurs. The sea ice also blocks the
solar flux to the water and hence is a major control
factor for primary productivity. It also acts as a support
structure for organisms from phytoplankton to seals,
walrus, and polar bears while limiting access to the sur-
face for seals and whales. This component of the Arctic
environment is changing rapidly.

The summer sea ice extent has been retreating in
recent years. In the summer of 2002 record low levels of
ice extent in the Arctic were observed (Serreze et al.
2003), the ice extents in the summers of 2003 and 2004
were almost as low (Stroeve et al. 2005), and the sum-
mer of 2005 shows another record low. This follows the
very low ice extent in the western Arctic in the summer
of 1998 (Maslanik et al. 1999). This downward trend in
the ice extent has been documented by many authors
(e.g., Gloersen and Campbell, 1991; Parkinson et al.
1999; Johannessen et al. 1999; Comiso 2002). The trend
in the September ice extent for the period 1979–2004 is
�7.7% per decade (Stroeve et al. 2005), a value twice as
large as that reported for the shorter period 1979–95
(Serreze et al. 2000).

The ice in the central pack is also thinning. Based on
submarine measurements, the ice draft is reported by
Rothrock et al. (1999) to have thinned by 40% from the
1960s and 1970s to the 1990s. Rothrock et al. (2003)
discuss the anomalously thin ice of the 1990s from both
observational and modeling perspectives through the
year 2000. The model (similar to that used here) agrees
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