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[1] The present and future state of the Arctic sea ice
cover is explored using new observations and a coupled
one dimensional air–sea–ice model. Updated satellite
observations of Fram Strait ice-area export show an
increase over the last four years, with �37% increase in
winter 07–08. Atmospheric poleward energy flux declined
since 1990, but advection of oceanic heat has recently
increased. Simulations show that the ice area export is a
stronger driver of thinning than the estimated ocean heat
fluxes of 40 TW. Increased ocean heat transport will raise
primarily Atlantic layer temperature. The ‘present 2007’
state of the Arctic ice could be a stable state given the
recent high ice area export, but if ocean heat advection and
ice export decrease, the ice cover will recover. A 2*CO2

scenario with export and oceanic heat flux remaining
strong, forecasts a summer Arctic open ocean area of 95%
around 2050. Citation: Smedsrud, L. H., A. Sorteberg, and K.

Kloster (2008), Recent and future changes of the Arctic sea-ice

cover, Geophys. Res. Lett., 35, L20503, doi:10.1029/

2008GL034813.

1. Introduction

[2] The interest in the Arctic sea ice seems inversely
proportional to the area covered, and has exploded after the
record minimum September 2007. The Arctic ice has in
many ways become the ‘‘canary in the coal mine’’ of global
warming. At the same time global models show a large
spread in future predictions of the Arctic energy budget
[Sorteberg et al., 2007].
[3] The Arctic ice loss over the last few years has been

well documented [Nghiem et al., 2007; Maslanik et al.,
2007], but the causes of this major change have yet to be
established. Furthermore, the idea that the Arctic may
transfer into a seasonal ice cover within a limited number
of years has gained large public interest. Here we use a
physical process-based 1-D coupled air–sea–ice model to
compare some key drivers of Arctic sea ice changes with
updated trends, and find a fairly robust ice cover.
[4] Section 2 presents atmospheric energy transport from

reanalysis data, estimates of heat advected north in the
ocean, and new observations on Fram Strait ice-area export.
Model simulations in section 3 show the effect over
10 years of these changes, and due to increased downward
long-wave radiation caused by rising CO2 concentrations.
Initial conditions for the Arctic sea ice representing the
1960s and 2007 conditions are used.

2. Recent Trends

2.1. Atmospheric Energy Transport

[5] Atmospheric energy transport to the Arctic increased
until the 1990s, and was probably a major driver of the
observed thinning [Yu et al., 2004]. Söderkvist and Björk
[2004] reproduced a thinning of 1.2 m up to the 1990s from
the earlier 3.2 m mean based on this increase in atmospheric
heat transport and cloud observations from the Russian drift
stations. For the last 20 years there has been no increase in
the overall northward atmospheric energy transport of the
National Center for Environmental Prediction (NCEP) re-
analysis [Kalnay et al., 1996]; in fact the trend is slightly
negative (Figure 1a).
[6] This result seems contradictory to the recent findings

that the atmospheric energy transport drives a large portion
of the Arctic warming [Graversen et al., 2008]. However,
they discuss trends for 1960–2001 and largely miss the
recent change in trend. Focusing on a longer period, the
linear annual trend (1956–2006) in our estimates (Figure
1a) is positive.

2.2. Oceanic Heat Transport

[7] The most recent estimate of oceanic heat transport to
the Arctic in the Fram Strait [Schauer et al., 2004] cover
1997–1999 and vary between 28 and 46 TW (1012 W).
Distributing the heat over the Arctic Ocean area (using an
area of 7.8 � 10 12 m2, the area deeper than 200 m,
excluding the Barents and Kara Seas) gives a heat flux of
3.5–5.9 W/m2. Historical estimates indicate a range of 18–
67 TW for Fram Strait oceanic heat transport [Simonsen and
Haugan, 1996]. Most of the inflow occurs between 100 and
400 m depth, and uncertainties are partly related to south-
flowing water of Atlantic origin at greater depth.
[8] Further south in the Nordic Seas, a longer time series

indicates a substantial and recent increase in northward
advection of heat from 130 TW to 200 TW between 2004
and 2006 [Skagseth et al., 2008]. This increase partly flows
into the Barents Sea where a similar trend shows a doubling
from roughly 40 TW to 80 TW. Although uncertain, the
present understanding is that the Barents branch will lose
most of its extra heat before entering the Arctic Ocean
[Simonsen and Haugan, 1996]. These oceanic heat flux
estimates use 0�C as reference temperature, roughly com-
parable to the returning overflow temperature across the
Greenland-Scotland ridge.
[9] The Bering Strait heat flux likely doubled from

�4 TW to �9 TW between 2001 and 2004 [Woodgate et
al., 2006]. The salinity of this inflow (�32.2) makes this
water settle close to the mixed layer, and has a possible
direct effect on the ice cover, as opposed to heat in the
Atlantic Layer that arrives at a greater depth and needs to be
mixed upwards. An increase in oceanic heat transport of
40 TW (5 W/m2) will be discussed later, and compares to
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the long term change of the atmospheric heat transport
between the 1960s and the 1990s in Figure 1a.

2.3. Fram Strait Ice Export

[10] The Fram Strait ice export varies substantially from
month to month, and from year to year, but no obvious
long-term trend has been visible so far [Widell et al., 2003].
The maximum monthly ice-area flux is about 100 103 km2

and occurs between December and March, while the min-
imum export usually occurs in August and July [Kwok et
al., 2004]. Figure 1 also presents new measurements from

August 2004 through July 2008. Ice motion is calculated
from ice feature displacement between two Envisat ASAR
WideSwath images every 3 days. Ice concentration is based
on the Norsex algorithm used on DMSP F13 SSMI bright-
ness temperature data. The two data sets are combined to
give the ice-area flux in subsequent 3-day periods, giving
flux accuracy uncertainties over longer time periods
(months) well below 10%.
[11] Estimates based on 1950–2008 NCEP reanalysis

[Kalnay et al., 1996] air pressure differences across the
Fram Strait using the method of Widell et al. [2003] are

Figure 1. (a) The atmospheric energy flux towards the Arctic across 70�N calculated from NCEP reanalysis data. (b) The
yearly Fram Strait ice area export. Values are plotted as deviation from the 2004–2007 mean; ASAR-SSMI mean is 774 �
103 km2, NCEP reanalysis air pressure difference [Widell et al., 2003] mean is 1095 � 103 km2. (c) Monthly mean ice area
export. The pressure based values are included in red (mean yearly cycle is solid line).
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