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This paper presents an assessment of the seasonal and interannual variability of the ice volume and ice age exported
through the Fram Strait for the winter months of 1979–2021. Two methods for determining the ice volume exported via the
strait site are compared: the isobaric drift model and sea ice motion data obtained from the National Snow and Ice Data
Center (NSIDC); each method differs in the way the component of its drift velocity is considered. The ice volume exported
along the Fram Strait has a clearly defined seasonal cycle, with a maximum in March–April and a minimum in October.
The average total value of ice exported is 2,721 km3 according to the NSIDC data and 2,945 km3 according to the isobaric
drift model. The year-to-year assessments of the volume of ice exported do not show a significant trend, contrary to other
studies. A peak in ice volume export in late winter corresponds to the maximum of ice thickness.

INTRODUCTION

In recent decades, Arctic sea ice has been decreasing in area
and volume (Kwok, 2018; Stroeve and Notz, 2018). Although
the reasons for the observed reduction in the ice cover most
researchers associate with the warming of the atmosphere and
the ocean (e.g., Alexeev et al., 2013; Wendisch et al., 2017), the
volume of exported ice as a component of the ice balance of
the Arctic Ocean is still actively discussed as contributing to this
process.

The Fram Strait is the main source of the export of thick multi-
year ice from the Arctic Basin to the Greenland Sea and further to
the North Atlantic region. According to the latest assessment (e.g.,
Smedsrud et al., 2017; Zamani et al., 2019), the East Greenland
Current transports about 900 × 103 km2 of ice annually, which is
equivalent to 10% of its total area in the entire Arctic Basin.

Because of the limited data available on the ice thickness in the
Fram Strait, most studies are devoted to assessing the area of ice
being exported depending on the drift velocity and ice concentra-
tion (Vinje, 2001; Kwok, 2009; Smedsrud et al., 2011, 2017; Bi
et al., 2016). However, the volume of ice exported through the
Fram Strait, which depends on the thickness distribution, is a more
indicative parameter for assessing the ice balance of Arctic sea
ice. Despite the sparse observation of ice thickness in the Fram
Strait both in space and in time, some researchers have attempted
to assess the volume of exported ice cover using various sources
of ice thickness data. For the first time, Norwegian researchers
(Vinje and Berge, 1989; Vinje et al., 1998) used ice thickness data
based on the ice settlement measurements using upward-looking
sonar. Kwok et al. (2004) also used upward-looking sonar data
for the 1991–1998 period to assess the volume of ice exported
through the Fram Strait. Spreen et al. (2009) presented an assess-
ment of the volume of exported ice cover for the period of
2003–2008, based on ICESat ice thickness observations. Krumpen
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et al. (2016) used the data of electromagnetic measurements of
ice thickness made from aircraft to estimate the amount of ice
exported through the Fram Strait for the period 2001–2012. The
study of Zhang et al. (2017) assesses the amount of exported ice
for the period 1979–2012 using PIOMASS model ice thickness
data. The works of Ricker et al. (2018) and Bi et al. (2018) include
assessments of the volume of ice exported through the Fram Strait
obtained for the periods 2010–2017 and 2011–2015, respectively,
according to the ice thickness data from the CryoSat-2 satellite.
Finally, Spreen et al. (2020) in their study used data on ice thick-
ness at the strait site, obtained using upward-looking sonars to
assess the volume of exported ice for the period 1992–2014.

In the present study, a new method is proposed for consider-
ing the thickness of the ice cover at the Fram Strait site for the
subsequent assessment of the volume of exported ice. It is based
on obtaining data on the age structure of ice (hence, its average
thickness) from the ice maps of the Greenland Sea made at the
Arctic and Antarctic Research Institute (AARI). The paper com-
pares seasonal and interannual estimates of the variability of the
volume of ice exported through the Fram Strait, obtained using
two methods for determining the drift velocity of the ice cover.
The assessments are presented for the period 1979–2021 and are
limited only to the winter season, from October to May, because
reliable data on the age structure of ice and its thickness are avail-
able only in these months. The width of the ice flow at the strait
site was calculated considering the concentration of ice prevail-
ing in the flow for the winter months of the period 1997–2021.
Over the same period, seasonal and interannual changes in the
age structure of the ice in the Fram Strait were analyzed.

DATA AND METHODS

The volume of ice exported into the Greenland Sea through the
Fram Strait depends on its drift velocity; on the width of the ice
flow, considering the concentration of ice prevailing in the flow;
and also on the ice thickness. These components were assessed
along the site in the Fram Strait, a straight line drawn from Cape
Norestrunningen (Greenland) to Cape Ermak (West Spitsbergen
in the Spitsbergen archipelago). Figure 1 shows the position of
the site selected for assessment of the exported ice volume.
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