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Abstract The Arctic sea ice cover has decreased rapidly over the last few decades both in extent and
thickness. Here we present multi‐year (2013–2022) observations of sea ice thickness in the northwestern
Barents Sea based on Upward Looking Sonar measurements and show that the winter sea ice has become thicker
over the last decade. Sea ice thickness from the Pan‐Arctic Ice Ocean Modeling and Assimilation System
(PIOMAS) reproduces both the observed variability and recent 10‐year trend and shows that this thickening
(0.24 m decade− 1) has not been seen since the 1990s. Using PIOMAS we find that the recent increase in sea ice
thickness can be explained by increased sea ice freezing as a result of lower temperatures in the ocean and in the
atmosphere. The recent thickening is set in the context of a long‐term thinning trend, with PIOMAS showing
much thinner ice now than in the 1980s.

Plain Language Summary The Arctic sea ice cover is becoming smaller and thinner due to global
warming. We have measured sea ice thickness in the Barents Sea since 2013, and find that the ice thickness has
increased since the measurements were initiated, contrary to what we would expect in a warming world. The
Arctic sea ice cover can, however, increase for periods typically up to a decade due to natural climate variability.
We find that increased sea ice formation due to lower ocean and air temperatures has caused the recent
thickening of the ice cover. We also find that the Barents Sea ice thickness has decreased since the 1980s, and
despite the recent thickening, the ice cover is much thinner now than it used to be.

1. Introduction
Since satellite observations began in the late 1970s, Arctic sea ice has gradually become less extensive (Comiso
et al., 2017; Onarheim et al., 2018) and thinner (Kwok et al., 2009; Laxon et al., 2013). Whereas sea ice loss in the
Arctic Ocean has beenmost pronounced in summer, a retreating sea ice edge is also observed in winter in the outer
shelf seas, and in particular in the Barents Sea (Årthun et al., 2012; Onarheim & Årthun, 2017).

Despite the overall negative trend, sea ice extent in the Barents Sea is subject to large internal (natural) variability
on interannual to decadal time scales (Bonan et al., 2021; Dörr et al., 2023; England et al., 2019). This variability
results from changes in the inflow of warm Atlantic waters (Årthun et al., 2012; Docquier & Koenigk, 2021),
atmospheric circulation anomalies and the associated heat and moisture transport (Liu et al., 2022; Woods &
Caballero, 2016), and ice import from the Arctic Ocean (Efstathiou et al., 2022; Kwok, 2009).

Most studies on sea ice variability and loss in the Barents Sea have focused on sea ice area or extent, and have not
considered changes in sea ice thickness. Sea ice thickness is a key high‐latitude climate variable as changes are
reflected in the Arctic energy balance (Kurtz et al., 2011; Labe, Peings, & Magnusdottir, 2018) and in the
freshwater exchange between sea ice and ocean (Barton et al., 2018; Ellingsen et al., 2009; Serreze et al., 2006).
Sea ice thickness changes can also have a significant impact on shipping activities (Smith & Stephenson, 2013)
and on the design of offshore structures (ISO19906, 2019). Observing and understanding its temporal variability
is therefore of large importance. Direct measurements of sea ice thickness in the Barents Sea are, however, sparse
(Abrahamsen et al., 2006; Gerland et al., 2008; King et al., 2017).

Here, we document an observed thickening of the Barents Sea ice cover during the last decade (2013–2022) from
Upward Looking Sonar (ULS) measurements. Using the Pan‐Arctic Ice Ocean Modeling and Assimilation
System (PIOMAS, J. Zhang & Rothrock, 2003) ice‐ocean reanalysis we furthermore show that the recent
thickening, acting as a deceleration of the long‐term decline, can be explained by increased sea ice freezing related
to lower oceanic and atmospheric temperatures.
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2. Data and Methods
This paper combines in situ observations and output from an ice‐ocean reanalysis product in order to examine
changes in Barents Sea ice thickness over the last four decades, with emphasis on decadal variability and trends.
Atmospheric and oceanic data are assessed to understand the driving mechanisms. As the Barents Sea is pre-
dominantly ice free in summer, we mainly focus on the winter season. Winter is defined as November–April,
which typically corresponds to the freezing season. All variables are calculated as averages over the winter season
(based on monthly means), the indicated year denoting the winter‐mean that ends in the respective year (e.g., 2022
represents November 2021 to April 2022). Linear trends are calculated using the least squares method, and
significance tested with the modified Mann‐Kendall trend test for autocorrelated data (Hamed & Rao, 1998).

2.1. Upward Looking Sonar (ULS) Measurements

Regular ice draft measurements from moored ULS instruments in the northwestern Barents Sea have been
collected since 2013 (Figure 1a). The moorings are typically recovered and redeployed in October. For the winter
2013/2014, moorings are located at the two locations ICE4 and ICE6, and for the winters from 2015/2016 to 2021/
2022, moorings are located at the five locations ICE1‐ICE5. The instruments are of type IPS5 by ASL

Figure 1. (a) Map of the northwestern Barents Sea showing the locations of the six Upward Looking Sonar (ULS) moorings (red dots) and ocean bathymetry (color). The
black box shows the area the Pan‐Arctic Ice Ocean Modeling and Assimilation System (PIOMAS) data are averaged over. (b) Winter sea ice concentration trend during
the recent decade (2013–2022) from PIOMAS, including the mooring locations and the area the PIOMAS ice thickness data are averaged over. (c) Observed monthly
sea ice thickness at the six ULS locations, and (d) monthly ice thickness in the northwestern Barents Sea from PIOMAS (blue) and the average ice thickness from the
ULS moorings (red).
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Environmental Sciences, and measure sea ice draft at 1 s intervals (Fissel et al., 2008). The data are processed by
Fugro data scientists using their in‐house software routines following the recommendations of the instrument
manufacturers (Hansen et al., 2013; Melling et al., 1995), including screening of erroneous records and sound
speed corrections. Wave action and the propagation of bubbles downwards from white capping of waves lead to
uncertainties in the measured ice draft values. Periods flagged as influenced by waves are therefore removed from
the analyses, and the monthly mean values considered herein represent the mean of valid ice records only (i.e.,
periods with ice only; a comparison between daily and monthly data is provided in Figure S1 in Supporting
Information S1). We refer to Hansen et al. (2023) for a more detailed description of the data set and data pro-
cessing. Following Fukamachi et al. (2017), the ice draft measurements are multiplied by 1.1 to estimate sea ice
thickness.

The moorings are also equipped with SBE37 SM MicroCat CTD (conductivity, temperature, depth) sensors
(Hansen et al., 2023). The most shallowmoorings (i.e., ICE1 and ICE2) have sensors at approximately 50 m depth
(near the seabed), and the deeper moorings (ICE3‐ICE6) have instruments at 80–100 m depth. Here, we consider
winter means based on the 2‐min temperature measurements.

2.2. PIOMAS

Monthly sea ice thickness (model variable heff) from the PIOMAS version 2.1 (J. Zhang & Rothrock, 2003) is
available since 1978 on a generalized curvilinear coordinate system. The horizontal resolution is approximately
25 km in the Barents Sea. Please see Schweiger et al. (2011) and references therein for a detailed description of the
model setup.

PIOMAS has been evaluated thoroughly against observations of sea ice thickness, volume (Labe, Magnusdottir,
& Stern, 2018; Laxon et al., 2013; Schweiger et al., 2011; Stroeve et al., 2014; Wang et al., 2016), and ice motion
(Selyuzhenok et al., 2020; J. Zhang et al., 2012) and found to perform well. PIOMAS typically overestimates the
thickness of thin sea ice and underestimates the thickness of thick sea ice, but the spatial patterns and trends in sea
ice thickness are realistically reproduced (Schweiger et al., 2011). The spatial pattern of winter sea ice thickness
trends (Figure S2 in Supporting Information S1) and sea ice concentration trends (Figure S3 in Supporting In-
formation S1) in PIOMAS during the recent decade (2013–2022) closely compares with Cryosat‐2 (Hendricks &
Ricker, 2020) and SMMR and SSM/I‐SSMIS (NSIDC, Stroeve & Meier, 2018), respectively. The PIOMAS ice
thickness is the mean thickness of sea ice in a grid cell including open water (often called effective ice thickness).
Ice thickness values from PIOMAS are therefore not directly comparable to the IPS measured ice thickness
(which is a point measurement and the mean of periods with ice only). Figure 1d, however, shows that PIOMAS
reproduces both the observed variability and trend very well.

Using PIOMAS allows us to quantify the dynamic and thermodynamic contributions to sea ice thickness changes
(Labe, Peings, & Magnusdottir, 2018; Ricker et al., 2021). The dynamic contribution is the sea ice thickness flux
convergence (model variable advect, units in m s− 1) and the thermodynamic contribution is the sea ice production
(freezing and melting; model variable iceprod, m s− 1). To compare with ice thickness changes in winter (as
obtained directly from PIOMAS, heff), we integrate the thermodynamic and dynamic terms from November to
April. To represent the northwestern Barents Sea and the region covered by the moorings, the PIOMAS data are
averaged over the region 75°–80°N, 18°–40°E (Figure 1a). To exclude areas of extensive open water in the
analysis, grid points with ice concentration below 30% are removed from the analysis when examining the drivers
of sea ice thickness change.

2.3. Atmospheric and Oceanic Data

To assess changes in atmospheric temperature (at 2 m and at 850 hPa), sea level pressure, surface (10‐m) winds,
geopotential height, and surface heat fluxes we calculate winter means from the ERA5 reanalysis (Hersbach
et al., 2020). Heat fluxes from ERA5 generally compare well to observations in Arctic and sub‐Arctic seas
(Graham et al., 2019), although the biases are larger in the marginal ice zone (Renfrew et al., 2021). In addition to
temperatures from the ULS moorings, we use observed Atlantic water temperature from the southwestern Barents
Sea (71.5°–73.5°N, 20°E), often referred to as the Barents Sea Opening (BSO). The BSO section has been
sampled since 1977 by the Institute of Marine Research, Norway. The temperatures are annual averages typically
based on six surveys per year and are averages between 50 and 200 m (Ingvaldsen et al., 2004).
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3. Observed Sea Ice Thickness Variability and Change
The ULSmeasurements show that the northwestern Barents Sea is ice free in summer and fall and has a winter sea
ice thickness of approximately 0.5 m between 2013 and 2022 (Figure 1c). There are relatively small spatial
variations in mean sea ice thickness between the different measurement sites, although there is a tendency that the
measured thicknesses on Spitsbergenbanken (moorings ICE1, ICE2, and ICE6) exceed those on Storbanken
(moorings ICE3, ICE4, and ICE5; Figure 1c). Variability and trends are nevertheless similar. The observations
show that from 2016 to 2020 the maximummonthly ice thickness increased from 0.3 to 1.1 m. The ice thickness is
slightly smaller in 2021 and 2022 compared to 2020, but still has maximum values exceeding 0.8 m. The length of
the ice covered season has also increased since 2014, and the winter season 2021/2022 shows the presence of sea
ice in each month from November to June. In contrast, sea ice is only present in 4 months during the winter 2015/
2016. The recent increase in winter sea ice thickness in the Barents Sea is concurrent with increasing satellite‐
observed sea ice concentration (Figure S3 in Supporting Information S1), revealing a thicker and more exten-
sive Barents Sea ice cover in recent years (Figure 1).

The observed increase in winter sea ice thickness in the Barents Sea during 2013–2022 is well captured by
PIOMAS (Figure 1d). Next, we will therefore use PIOMAS to put the recent trend into a longer perspective and to
assess the drivers of the recent thickening.

4. Long‐Term Sea Ice Thickness Variability and Change: 1978–2022
PIOMAS shows clear seasonal and interannual variability in Barents Sea ice thickness since 1978 (Figure 1d).
The observed variability, including the record low ice thickness in 2016 and high ice thickness in 2020, is
reproduced very well. According to PIOMAS, the winter ice thickness has increased by 0.24 m over the last
decade (2013–2022; trend significant at 95% confidence level; Table S1 in Supporting Information S1). There is,
however, an overall thinning of the ice cover since the late 1970s; the winter ice thickness has decreased by
0.18 m decade− 1, and as a result is almost 1 m thinner now than it used to be (Figure 2a). The long‐term trend
based on PIOMAS is larger but in general agreement with previous observations of seasonal fast ice from the
western Barents Sea (close to Hopen Island) that showed a trend of − 0.11 m decade− 1 between 1966 and 2007
(Gerland et al., 2008). The mean thickness and interannual variability in PIOMAS also show reasonably good
agreement with the observations of Gerland et al. (2008) (Figure S4 in Supporting Information S1). The recent
decadal (2013–2022) increase in sea ice thickness in PIOMAS is not unique over the 40‐year record, but it has not
been seen since the mid‐1990s (Figure 2d). The decadal trends have consistently been negative since the mid‐
1990s except for the most recent years, resulting in a long‐term thinning of the ice cover (Figure 2a). We note
that positive trends with comparable magnitude to the recent thickening have occurred on shorter, sub‐decadal,
time scales.

5. Mechanisms of Recent Sea Ice Thickening
Changes in sea ice thickness can be a result of changes in either thermodynamics (freezing and melting) or
dynamics (advection and divergence) (Methods, Holland et al., 2014). To understand what drives the variability
and trends in the Barents Sea ice thickness, and specifically the recent increase (2013–2022), we thus use
PIOMAS to examine the relative contributions from dynamic and thermodynamic forcing. The thermodynamic
term is positive for sea ice freezing (i.e., sea ice gain) and negative for sea ice melting (i.e., sea ice loss). The
dynamic term is also positive (negative) for sea ice gain (loss).

First, we examine the impact from dynamic changes. This term is, in general, positive since 1980 (Figure 2b) and
thus mainly contributes to increased sea ice thickness in the northwestern Barents Sea. The dynamic term shows
large interannual variability and a negative long‐term trend since the 1980s. There is, however, no positive trend
during the last decade. Changes in ice dynamics are thus not the primary cause for the recent observed increase in
ice thickness.

The thermodynamic part is decomposed into a freezing term and a melting term, in which the freezing clearly
dominates (Figure 2c). The sea ice freezing shows pronounced interannual to decadal variability, which corre-
sponds well to the ice thickness variability (r= 0.75). Consistent with the long‐term decrease in sea ice thickness,
there is a strong reduction in sea ice freezing since the 1980s. Considering the recent decade, however, the
thermodynamic ice production has increased at magnitudes comparable to the thickness increase. There is
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generally no sea ice melt during winter (Figure 2c), but summer melting has increased during the last decade
(0.39 m decade− 1). Note that the magnitude of the trend in sea ice thickness is not expected to exactly match the
trends in the forcing terms. For example, the trend in winter ice thickness can also be influenced by thicker ice
being present at the end of autumn (before November) as a result of either anomalous thermodynamic or dynamic
thickness changes.

The recent thickening of the Barents Sea ice cover thus seems to be mainly due to enhanced freezing. Increased
sea ice production can be a result of changes in either oceanic and/or atmospheric temperatures. The former can be
assessed using the temperature measurements from the ULS moorings. These show a decrease in temperature
since 2016 (Figure 3a), consistent with the increased sea ice freezing in PIOMAS. To put these temperature
changes into a longer and larger perspective we also include observations of Atlantic water temperatures from the
BSO. In agreement with the ULS measurements, BSO temperatures also show a negative trend over the last
decade (Figure 3a).

The reduced ocean temperatures can be translated into changes in winter ice growth (Δhi) by Steele et al. (2008):

Δhi = ρwcΔTz/ρiLi,

where ΔT is the temperature change (integrated over layer thickness z), c is the heat capacity of seawater, ρw and ρi
are the density of seawater and sea ice, respectively, and Li is the latent heat of fusion. Assuming that the cooling
of inflowing Atlantic waters of 0.4°C (Figure 3a) takes place over the upper 50–70 m (winter mixed layer depths
in the northern Barents Sea, Shu et al., 2021) yields a sea ice thickening of 32–40 cm, which is the right order of
magnitude compared to the thickening in PIOMAS (24 cm). Colder waters will also contribute to an earlier
freeze‐up in fall as less heat needs to be extracted before ice can form (Steele et al., 2008).

Figure 2. (a) Winter sea ice thickness, (b) dynamics (i.e., ice thickness flux convergence), (c) thermodynamics separated into
sea ice freezing (blue) and melting (red), and (d) decadal trends in winter sea ice thickness (black) and in sea ice freezing
(blue). The decadal trends are plotted at the last year of the 10‐year period, for example, the last point shows the trend for the
2013–2022 period. Significant trends (95% confidence level; p‐values provided in Figure S5 in Supporting Information S1)
in ice thickness are marked with black dots. In panels (a–c) the long‐term trends (1980–2022, dashed lines) and recent trends
(2013–2022, solid thin lines) are shown and quantified in each panel (* indicating significant trends; see also Table S1 in
Supporting Information S1). All data from Pan‐Arctic Ice Ocean Modeling and Assimilation System.
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The surface air temperature over the northwestern Barents Sea during winter has also cooled by 2.6°C during the
recent decade (Figure 3b). To assess the potential impact on thermodynamic ice growth we calculate the change in
sea ice thickness as a function of the freezing‐degree days (F) (King et al., 2017; Lebedev, 1938):

hi = 1.33F0.58
/100,

where F = ∫(Tf − Ta)dt, Ta is the daily surface air temperature, and Tf is the freezing temperature of seawater.
Although snow depth is not explicitly expressed in this equation, it describes ice growth under average snow

Figure 3. (a) Observed Atlantic water temperature in the Barents Sea Opening (blue) and mean winter ocean temperature
from the moorings (red dots), (b) air temperature at 2 m (blue) and 850 hPa (red, ERA5), (c) sea ice thickness from Pan‐
Arctic Ice Ocean Modeling and Assimilation System (PIOMAS) (black) and calculated from the freezing degree day model
(blue) for the recent decade (2013–2022), (d) downward longwave radiation (black; 75°–80°N, 18°–40°E) and 300 hPa
geopotential height (Z300; blue; 65°–85°N, 20°–100°E; Liu et al., 2022), and (e) the trend in winter sea level pressure (SLP,
color) and surface winds (arrows) for the recent decade. Contours show mean winter SLP for 1978–2022. (f) The trend in
winter sea ice thickness for the recent decade from PIOMAS. In panels (a–d) trends for the recent decade are quantified and
shown by thin dashed lines.
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conditions in the eastern Arctic Ocean. The integration of F, which is performed for each ERA5 grid point within
our domain of interest, starts at the first occurrence of sea ice at each location. In addition to Ta, the number of
freezing degree days is thus also directly related to the start of the freezing season, which, as argued above, is
impacted by the temperature of the upper ocean in fall. Over the recent decade (2013–2022), changes in freezing
degree days correspond to a sea ice thickening of 21 cm (Figure 3c).

It should be noted that surface air temperature is both a driver and a response to sea ice changes. A more extensive
ice cover could lead to lower air temperatures through anomalous turbulent heat fluxes (Olonscheck et al., 2019;
Screen et al., 2012), making it difficult to quantify the role of surface air temperature in driving changes in sea ice
thickness. The temperature at 850 hPa (T850) is above the boundary layer and, hence, less affected by sea ice.
T850 also shows a cooling in winter over the recent decade (0.7°C) and is highly correlated with 2‐m air tem-
perature (r = 0.92, Figure 3b).

Further insight into the role of atmospheric forcing in the recent thickening of the Barents Sea ice cover can be
obtained by calculating the surface energy budget (SEB), that is, the sum of net shortwave and longwave radi-
ation, and sensible and latent heat fluxes (neglecting heat conduction through the ice, e.g., Boisvert et al., 2016).
During winter in the northwestern Barents Sea, the SEB is negative (surface heat loss; Figure S6 in Supporting
Information S1), favoring ice formation. Since the 1980s, the SEB shows a trend toward more surface heat loss
(− 9Wm− 2 decade− 1). During the recent decade, however, surface heat loss has decreased (15Wm− 2 decade− 1).

In line with previous studies (Hegyi & Taylor, 2017; Kim et al., 2019; Liu et al., 2022), there is a high correlation
between Ta and the downward longwave radiation (LWd; Figure 3d); r = 0.98 (1980–2022; same for clear‐sky
LWd). The source of changes in LWd, and the role of local and remote processes, is, however, debated (sum-
marized in e.g., Boeke & Taylor, 2018). Some studies (e.g., Alexeev et al., 2017; Kim et al., 2019) argue that sea
ice loss and the associated anomalous turbulent heat fluxes warm the lower troposphere and increase LWd which
further increases sea ice loss (and vice versa for an increased sea ice cover). In this (local) mechanism, a role for
ocean temperature or winds in driving sea ice changes is implied.

In contrast, other studies have concluded that changes in LWd are driven by poleward atmospheric water vapor
transport, often termed atmospheric rivers (e.g., Liu et al., 2022; Woods & Caballero, 2016; P. Zhang et al., 2023).
Liu et al. (2022) argued that variable heat and moisture transport into the Barents Sea is captured by a geopotential
height index, representing anticyclonic atmospheric circulation anomalies. Consistent with a thickening ice cover,
this index shows a negative trend over the recent decade (Figure 3d), which would correspond to reduced heat and
moisture transport and less LWd (Liu et al., 2022). The latter is consistent with that observed over the recent
decade (Figure 3d) and thus supports an important role for atmospheric circulation anomalies in driving the recent
sea ice thickening. The trends in atmospheric circulation (sea level pressure), characterized by a weakening of the
cyclonic atmospheric circulation over the Nordic Seas (i.e., the Norwegian, Iceland, and Greenland seas;
Figure 3e), are however also associated with reduced flow of Atlantic water toward the Barents Sea (Muilwijk
et al., 2019; Skagseth et al., 2008) and, as a consequence, decreased ocean temperatures in the Barents Sea
(Figure 3a) and further upstream (Årthun et al., 2021; Polyakov et al., 2023).

In summary, we find based on PIOMAS that thermodynamic forcing (rather than dynamics) is the main driver of
the recent thickening of the Barents Sea ice cover. Decreasing temperatures in both the atmosphere and the ocean,
working in tandem to increase sea ice growth, are consistent with large‐scale atmospheric circulation anomalies
modulating the poleward transport of heat in the ocean and in the atmosphere.

6. Discussion and Conclusions
Based on a combination of direct measurements and an ice‐ocean reanalysis (PIOMAS), we find that the winter
sea ice thickness and concentration have increased in the Barents Sea during the last decade. Such an increase in
sea ice thickness has not been seen since the 1990s. We furthermore find that anomalous freezing as a result of
decreased oceanic and atmospheric temperatures can explain the recent thickening. We emphasize that, despite
the recent thickening of the Barents Sea ice cover, the sea ice thickness has gradually decreased since the 1980s.
As thinner sea ice is more sensitive to changes in atmospheric and oceanic temperature (Ricker et al., 2021),
strong thermodynamically forced trends in sea ice thickness could become more common in a thinning Arctic sea
ice cover. Such internally driven multi‐annual to decadal trends could lead to an intermittent reversal of the long‐
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term decrease of sea ice thickness, as observed during the recent decade, but also to an accelerated loss of the sea
ice (e.g., Dörr et al., 2023).

In agreement with our results, a recent study by Polyakov et al. (2023) showed that there has been a decrease in the
decline of pan‐Arctic summer sea ice extent and thickness during the last years. PIOMAS also shows that the
thickening of the winter ice cover during the last decade is not restricted to the northwestern Barents Sea. The
winter sea ice thickness has increased over the entire Barents‐Kara Seas region (Figure 3f) and in large parts of the
Pacific‐Arctic (Figure S2 in Supporting Information S1). In contrast, the ice cover has thinned substantially north
and east of Greenland. Decreased sea ice thickness in Fram Strait is consistent with observations (Sumata
et al., 2023). In further agreement with our results, the mechanism for the recent decline in summer sea ice loss
was suggested to be changes in the large‐scale atmospheric circulation over the Arctic Ocean that alters both
ocean circulation and the transport of sea ice within and out of the Arctic (Polyakov et al., 2023).

Results from PIOMAS indicate that the recent trend in atmospheric circulation has impacted the thickness of the
Barents Sea ice cover through thermodynamic effects, and not through the advection of sea ice (i.e., dynamics).
The latter result is somewhat in contrast to other studies that have found a more important role for dynamical
forcing. Dethloff et al. (2022), for example, found that the anomalously thick winter sea ice in the Barents Sea in
2020 (Figure 2a) was driven by both low‐temperature anomalies and atmospherically driven sea ice transport. On
the other hand, Yi et al. (2023) found, based on a sea ice concentration budget, that increased winter sea ice
growth in recent decades is dominated by thermodynamic ice growth in most parts of the Arctic seasonal ice zone.
A direct comparison of these studies is, however, difficult, as the relative importance of dynamics and thermo-
dynamics depends on both the time scale (trend length) and region considered. Our results are furthermore based
on PIOMAS, which is an ice‐ocean reanalysis with inherent uncertainties and biases that could potentially in-
fluence the relative roles of dynamic and thermodynamic contributions to sea ice thickness changes (e.g., by
underestimating regional sea ice advection). We reiterate, however, that PIOMAS has been evaluated thoroughly
against observations of sea ice thickness and advection and found to perform well (Schweiger et al., 2011;
Selyuzhenok et al., 2020; J. Zhang et al., 2012).

Our analysis has predominantly focused on the recent decadal trend (2013–2022). A detailed analysis for previous
decadal trends (including the thickening ice cover in the 1990s) is not presented here. The relative roles of dy-
namic and thermodynamic forcing can differ for individual decadal trends (Rieke et al., 2023). Comparing all
decadal trends since the 1980s nevertheless shows that the importance of sea ice freezing in driving thickness
changes is not restricted to the recent decade (Figure 2d).

Our results highlight the importance of natural variability in the Arctic climate system, and in the Barents Sea in
particular. As natural variability is the main source of uncertainty in projections of winter sea ice in the Barents
Sea over the next few decades (Bonan et al., 2021), understanding the causes and impacts of natural variability is
critical for many sectors of business and society (Emmerson & Lahn, 2012).

Data Availability Statement
ULS and temperature measurements are available at Onarheim et al. (2024). PIOMAS version 2.1 model output is
available at Polar Science Center (2023). ERA5 data are available at Hersbach et al. (2020). Time series of
Atlantic water temperature are available at Gonzalez‐Pola et al. (2022). Cryosat‐2 data are available at Hendricks
and Ricker (2020). Sea ice concentration data are from Stroeve and Meier (2018). Measurements of sea ice
thickness from Hopen Island are from Gerland et al. (2022).

References
Abrahamsen, E. P., Østerhus, S., & Gammelsrød, T. (2006). Ice draft and current measurements from the north‐western Barents Sea, 1993–96.

Polar Research, 25(1), 25–37. https://doi.org/10.1111/j.1751‐8369.2006.tb00148.x
Alexeev, V. A., Walsh, J. E., Ivanov, V. V., Semenov, V. A., & Smirnov, A. V. (2017). Warming in the Nordic Seas, north Atlantic storms and

thinning Arctic sea ice. Environmental Research Letters, 12(8), 084011. https://doi.org/10.1088/1748‐9326/aa7a1d
Årthun, M., Eldevik, T., Smedsrud, L., Skagseth, Ø., & Ingvaldsen, R. (2012). Quantifying the influence of Atlantic heat on Barents Sea ice

variability and retreat. Journal of Climate, 25(13), 4736–4743. https://doi.org/10.1175/jcli‐d‐11‐00466.1
Årthun, M., Wills, R. C., Johnson, H. L., Chafik, L., & Langehaug, H. R. (2021). Mechanisms of decadal North Atlantic climate variability and

implications for the recent cold anomaly. Journal of Climate, 34(9), 3421–3439. https://doi.org/10.1175/jcli‐d‐20‐0464.1
Barton, B. I., Lenn, Y.‐D., & Lique, C. (2018). Observed Atlantification of the Barents Sea causes the Polar front to limit the expansion of winter

sea ice. Journal of Physical Oceanography, 48(8), 1849–1866. https://doi.org/10.1175/jpo‐d‐18‐0003.1

Acknowledgments
We thank the editor and anonymous
reviewers for their constructive comments.
The authors acknowledge the Barents Sea
Exploration Collaboration (BaSEC) and
the Barents Sea Operations Cooperation
(BaSOP) for providing the mooring data.
M. Årthun received funding from the
Research Council of Norway projects
Nansen Legacy (Grant 276730) and
Overturning circulation in the new Arctic
(Grant 335255). M. Steele is supported by
the U.S. National Science Foundation,
Grant OPP‐1751363, by NASA Grant
80NSSC20K0768, and by the U.S. Office
of Naval Research Grant N00014‐17‐1‐
2545.

Geophysical Research Letters 10.1029/2024GL108225

ONARHEIM ET AL. 8 of 10

 19448007, 2024, 10, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
108225 by C

ochrane M
exico, W

iley O
nline L

ibrary on [10/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1751-8369.2006.tb00148.x
https://doi.org/10.1088/1748-9326/aa7a1d
https://doi.org/10.1175/jcli-d-11-00466.1
https://doi.org/10.1175/jcli-d-20-0464.1
https://doi.org/10.1175/jpo-d-18-0003.1


Boeke, R. C., & Taylor, P. C. (2018). Seasonal energy exchange in sea ice retreat regions contributes to differences in projected Arctic warming.
Nature Communications, 9(1), 5017. https://doi.org/10.1038/s41467‐018‐07061‐9

Boisvert, L. N., Petty, A. A., & Stroeve, J. C. (2016). The impact of the extreme winter 2015/16 Arctic cyclone on the Barents–Kara Seas.Monthly
Weather Review, 144(11), 4279–4287. https://doi.org/10.1175/mwr‐d‐16‐0234.1

Bonan, D. B., Lehner, F., & Holland, M. M. (2021). Partitioning uncertainty in projections of Arctic sea ice. Environmental Research Letters,
16(4), 044002. https://doi.org/10.1088/1748‐9326/abe0ec

Comiso, J. C., Meier, W. N., & Gersten, R. (2017). Variability and trends in the Arctic sea ice cover: Results from different techniques. Journal of
Geophysical Research: Oceans, 122(8), 6883–6900. https://doi.org/10.1002/2017jc012768

Dethloff, K., Maslowski, W., Hendricks, S., Lee, Y. J., Goessling, H. F., Krumpen, T., et al. (2022). Arctic sea ice anomalies during the mosaic
winter 2019/20. The Cryosphere, 16(3), 981–1005. https://doi.org/10.5194/tc‐16‐981‐2022

Docquier, D., & Koenigk, T. (2021). A review of interactions between ocean heat transport and Arctic sea ice. Environmental Research Letters,
16(12), 123002. https://doi.org/10.1088/1748‐9326/ac30be

Dörr, J. S., Bonan, D. B., Årthun, M., Svendsen, L., & Wills, R. C. (2023). Forced and internal components of observed Arctic sea‐ice changes.
The Cryosphere, 17(9), 4133–4153. https://doi.org/10.5194/tc‐17‐4133‐2023

Efstathiou, E., Eldevik, T., Årthun, M., & Lind, S. (2022). Spatial patterns, mechanisms, and predictability of Barents Sea ice change. Journal of
Climate, 35(10), 2961–2973. https://doi.org/10.1175/jcli‐d‐21‐0044.1

Ellingsen, I., Slagstad, D., & Sundfjord, A. (2009). Modification of water masses in the Barents Sea and its coupling to ice dynamics: A model
study. Ocean Dynamics, 59(6), 1095–1108. https://doi.org/10.1007/s10236‐009‐0230‐5

Emmerson, C., & Lahn, G. (2012). Arctic opening: Opportunity and risk in the high north.
England, M., Jahn, A., & Polvani, L. (2019). Nonuniform contribution of internal variability to recent Arctic sea ice loss. Journal of Climate,

32(13), 4039–4053. https://doi.org/10.1175/jcli‐d‐18‐0864.1
Fissel, D., Marko, J., & Melling, H. (2008). Advances in upward looking sonar technology for studying the processes of change in Arctic Ocean

ice climate. Journal of Operational Oceanography, 1(1), 9–18. https://doi.org/10.1080/1755876x.2008.11081884
Fukamachi, Y., Simizu, D., Ohshima, K. I., Eicken, H., Mahoney, A. R., Iwamoto, K., et al. (2017). Sea‐ice thickness in the coastal northeastern

Chukchi Sea from moored ice‐profiling sonar. Journal of Glaciology, 63(241), 888–898. https://doi.org/10.1017/jog.2017.56
Gerland, S., Pavlova, O., Renner, A., & Vinje, T. (2022). Annual maximum landfast sea‐ice thickness at Hopen 1965‐2008, version 1.0 [Dataset].

Norwegian Polar Institute. https://doi.org/10.21334/npolar.2022.a9c417bf
Gerland, S., Renner, A., Godtliebsen, F., Divine, D., & Løyning, T. (2008). Decrease of sea ice thickness at Hopen, Barents Sea, during 1966–

2007. Geophysical Research Letters, 35(6), L06501. https://doi.org/10.1029/2007gl032716
Gonzalez‐Pola, C., Larsen, K. M., Fratantoni, P., & Beszczynska‐Möller, A. (2022). ICES report on ocean climate 2020 [Dataset], 356, 121.

Retrieved from https://ocean.ices.dk/core/iroc
Graham, R. M., Cohen, L., Ritzhaupt, N., Segger, B., Graversen, R. G., Rinke, A., et al. (2019). Evaluation of six atmospheric reanalyses over

Arctic sea ice from winter to early summer. Journal of Climate, 32(14), 4121–4143. https://doi.org/10.1175/jcli‐d‐18‐0643.1
Hamed, K. H., & Rao, A. R. (1998). A modified Mann‐Kendall trend test for autocorrelated data. Journal of Hydrology, 204(1–4), 182–196.

https://doi.org/10.1016/s0022‐1694(97)00125‐x
Hansen, E., Ervik, Å., Eik, K., Olsson, A., & Teigen, S. H. (2023). Long‐term observations (2014–2020) of level ice draft, keel depth and ridge

frequency in the Barents Sea. Cold Regions Science and Technology, 216, 103988. https://doi.org/10.1016/j.coldregions.2023.103988
Hansen, E., Gerland, S., Granskog, M., Pavlova, O., Renner, A., Haapala, J., et al. (2013). Thinning of Arctic sea ice observed in Fram Strait:

1990–2011. Journal of Geophysical Research: Oceans, 118(10), 5202–5221. https://doi.org/10.1002/jgrc.20393
Hegyi, B. M., & Taylor, P. C. (2017). The regional influence of the Arctic oscillation and Arctic dipole on the wintertime Arctic surface radiation

budget and sea ice growth. Geophysical Research Letters, 44(9), 4341–4350. https://doi.org/10.1002/2017gl073281
Hendricks, S., & Ricker, R. (2020). Product user guide & algorithm specification: AWI CryoSat‐2 Sea Ice thickness (version 2.3) [Dataset]. AWI.

Retrieved from https://data.meereisportal.de/relaunch/thickness?lang=en
Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A., Muñoz‐Sabater, J., et al. (2020). The ERA5 global reanalysis [Dataset].Quarterly

Journal of the Royal Meteorological Society, 146(730), 1999–2049. https://doi.org/10.24381/cds.f17050d7
Holland, P. R., Bruneau, N., Enright, C., Losch, M., Kurtz, N. T., & Kwok, R. (2014). Modeled trends in Antarctic sea ice thickness. Journal of

Climate, 27(10), 3784–3801. https://doi.org/10.1175/jcli‐d‐13‐00301.1
Ingvaldsen, R. B., Asplin, L., & Loeng, H. (2004). The seasonal cycle in the Atlantic transport to the Barents Sea during the years 1997–2001.

Continental Shelf Research, 24(9), 1015–1032. https://doi.org/10.1016/s0278‐4343(04)00054‐8
ISO19906. (2019). ISO 19906:2019 Petroleum and natural gas industries, Arctic offshore structures (Tech. Rep.).
Kim, K.‐Y., Kim, J.‐Y., Kim, J., Yeo, S., Na, H., Hamlington, B. D., & Leben, R. R. (2019). Vertical feedback mechanism of winter Arctic

amplification and sea ice loss. Scientific Reports, 9(1), 1184. https://doi.org/10.1038/s41598‐018‐38109‐x
King, J., Spreen, G., Gerland, S., Haas, C., Hendricks, S., Kaleschke, L., & Wang, C. (2017). Sea‐ice thickness from field measurements in the

northwestern Barents Sea. Journal of Geophysical Research: Oceans, 122(2), 1497–1512. https://doi.org/10.1002/2016jc012199
Kurtz, N., Markus, T., Farrell, S., Worthen, D., & Boisvert, L. (2011). Observations of recent Arctic sea ice volume loss and its impact on ocean‐

atmosphere energy exchange and ice production. Journal of Geophysical Research, 116(C4), C04015. https://doi.org/10.1029/2010jc006235
Kwok, R. (2009). Outflow of Arctic Ocean sea ice into the Greenland and Barents Seas: 1979–2007. Journal of Climate, 22(9), 2438–2457. https://

doi.org/10.1175/2008jcli2819.1
Kwok, R., Cunningham, G., Wensnahan, M., Rigor, I., Zwally, H., & Yi, D. (2009). Thinning and volume loss of the Arctic Ocean sea ice cover:

2003–2008. Journal of Geophysical Research, 114(C7), C07005. https://doi.org/10.1029/2009jc005312
Labe, Z., Magnusdottir, G., & Stern, H. (2018). Variability of Arctic sea ice thickness using PIOMAS and the CESM large ensemble. Journal of

Climate, 31(8), 3233–3247. https://doi.org/10.1175/jcli‐d‐17‐0436.1
Labe, Z., Peings, Y., & Magnusdottir, G. (2018). Contributions of ice thickness to the atmospheric response from projected Arctic sea ice loss.

Geophysical Research Letters, 45(11), 5635–5642. https://doi.org/10.1029/2018gl078158
Laxon, S. W., Giles, K. A., Ridout, A. L., Wingham, D. J., Willatt, R., Cullen, R., et al. (2013). CryoSat‐2 estimates of Arctic sea ice thickness and

volume. Geophysical Research Letters, 40(4), 732–737. https://doi.org/10.1002/grl.50193
Lebedev, V. (1938). Rost l’da v arkticheskikh rekakh i moriakh v zavisimosti ot otritsatel'nykh temperatur vozdukha. Problemy arktiki, 5(6), 9–25.
Liu, Z., Risi, C., Codron, F., Jian, Z., Wei, Z., He, X., et al. (2022). Atmospheric forcing dominates winter Barents‐Kara sea ice variability on

interannual to decadal time scales. Proceedings of the National Academy of Sciences of the United States of America, 119(36), e2120770119.
https://doi.org/10.1073/pnas.2120770119

Melling, H., Johnston, P. H., & Riedel, D. A. (1995). Measurements of the underside topography of sea ice by moored subsea sonar. Journal of
Atmospheric and Oceanic Technology, 12(3), 589–602. https://doi.org/10.1175/1520‐0426(1995)012<0589:motuto>2.0.co;2

Geophysical Research Letters 10.1029/2024GL108225

ONARHEIM ET AL. 9 of 10

 19448007, 2024, 10, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
108225 by C

ochrane M
exico, W

iley O
nline L

ibrary on [10/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/s41467-018-07061-9
https://doi.org/10.1175/mwr-d-16-0234.1
https://doi.org/10.1088/1748-9326/abe0ec
https://doi.org/10.1002/2017jc012768
https://doi.org/10.5194/tc-16-981-2022
https://doi.org/10.1088/1748-9326/ac30be
https://doi.org/10.5194/tc-17-4133-2023
https://doi.org/10.1175/jcli-d-21-0044.1
https://doi.org/10.1007/s10236-009-0230-5
https://doi.org/10.1175/jcli-d-18-0864.1
https://doi.org/10.1080/1755876x.2008.11081884
https://doi.org/10.1017/jog.2017.56
https://doi.org/10.21334/npolar.2022.a9c417bf
https://doi.org/10.1029/2007gl032716
https://ocean.ices.dk/core/iroc
https://doi.org/10.1175/jcli-d-18-0643.1
https://doi.org/10.1016/s0022-1694(97)00125-x
https://doi.org/10.1016/j.coldregions.2023.103988
https://doi.org/10.1002/jgrc.20393
https://doi.org/10.1002/2017gl073281
https://data.meereisportal.de/relaunch/thickness?lang=en
https://doi.org/10.24381/cds.f17050d7
https://doi.org/10.1175/jcli-d-13-00301.1
https://doi.org/10.1016/s0278-4343(04)00054-8
https://doi.org/10.1038/s41598-018-38109-x
https://doi.org/10.1002/2016jc012199
https://doi.org/10.1029/2010jc006235
https://doi.org/10.1175/2008jcli2819.1
https://doi.org/10.1175/2008jcli2819.1
https://doi.org/10.1029/2009jc005312
https://doi.org/10.1175/jcli-d-17-0436.1
https://doi.org/10.1029/2018gl078158
https://doi.org/10.1002/grl.50193
https://doi.org/10.1073/pnas.2120770119
https://doi.org/10.1175/1520-0426(1995)012%3C0589:motuto%3E2.0.co;2


Muilwijk, M., Ilicak, M., Cornish, S. B., Danilov, S., Gelderloos, R., Gerdes, R., et al. (2019). Arctic Ocean response to Greenland Sea wind
anomalies in a suite of model simulations. Journal of Geophysical Research: Oceans, 124(8), 6286–6322. https://doi.org/10.1029/
2019jc015101

Olonscheck, D., Mauritsen, T., & Notz, D. (2019). Arctic sea‐ice variability is primarily driven by atmospheric temperature fluctuations. Nature
Geoscience, 12(6), 430–434. https://doi.org/10.1038/s41561‐019‐0363‐1

Onarheim, I. H., & Årthun, M. (2017). Toward an ice‐free Barents Sea. Geophysical Research Letters, 44(16), 8387–8395. https://doi.org/10.
1002/2017gl074304

Onarheim, I. H., Årthun, M., Teigen, S. H., Eik, K. J., & Steele, M. (2024). Temperature and ice draft data [Dataset]. Zenodo. https://doi.org/10.
5281/zenodo.10986370

Onarheim, I. H., Eldevik, T., Smedsrud, L. H., & Stroeve, J. C. (2018). Seasonal and regional manifestation of Arctic sea ice loss. Journal of
Climate, 31(12), 4917–4932. https://doi.org/10.1175/jcli‐d‐17‐0427.1

Polar Science Center. (2023). PIOMAS data. Retrieved from https://psc.apl.uw.edu/research/projects/arctic‐sea‐ice‐volume‐anomaly/data/
Polyakov, I. V., Ingvaldsen, R. B., Pnyushkov, A. V., Bhatt, U. S., Francis, J. A., Janout, M., et al. (2023). Fluctuating Atlantic inflows modulate

Arctic Atlantification. Science, 381(6661), 972–979. https://doi.org/10.1126/science.adh5158
Renfrew, I. A., Barrell, C., Elvidge, A., Brooke, J., Duscha, C., King, J., et al. (2021). An evaluation of surface meteorology and fluxes over the

Iceland and Greenland Seas in ERA5 reanalysis: The impact of sea ice distribution. Quarterly Journal of the Royal Meteorological Society,
147(734), 691–712. https://doi.org/10.1002/qj.3941

Ricker, R., Kauker, F., Schweiger, A., Hendricks, S., Zhang, J., & Paul, S. (2021). Evidence for an increasing role of ocean heat in Arctic winter
sea ice growth. Journal of Climate, 34(13), 5215–5227. https://doi.org/10.1175/jcli‐d‐20‐0848.1

Rieke, O., Årthun, M., &Dörr, J. S. (2023). Rapid sea ice changes in the future Barents Sea. The Cryosphere, 17(4), 1445–1456. https://doi.org/10.
5194/tc‐17‐1445‐2023

Schweiger, A., Lindsay, R., Zhang, J., Steele, M., Stern, H., & Kwok, R. (2011). Uncertainty in modeled Arctic sea ice volume. Journal of
Geophysical Research, 116(C8), C00D06. https://doi.org/10.1029/2011jc007084

Screen, J. A., Deser, C., & Simmonds, I. (2012). Local and remote controls on observed Arctic warming. Geophysical Research Letters, 39(10),
L10709. https://doi.org/10.1029/2012gl051598

Selyuzhenok, V., Bashmachnikov, I., Ricker, R., Vesman, A., & Bobylev, L. (2020). Sea ice volume variability and water temperature in the
Greenland sea. The Cryosphere, 14(2), 477–495. https://doi.org/10.5194/tc‐14‐477‐2020

Serreze, M. C., Barrett, A. P., Slater, A. G., Woodgate, R. A., Aagaard, K., Lammers, R. B., et al. (2006). The large‐scale freshwater cycle of the
Arctic. Journal of Geophysical Research, 111(C11), C11010. https://doi.org/10.1029/2005jc003424

Shu, Q., Wang, Q., Song, Z., & Qiao, F. (2021). The poleward enhanced Arctic Ocean cooling machine in a warming climate. Nature Com-
munications, 12(1), 2966. https://doi.org/10.1038/s41467‐021‐23321‐7

Skagseth, Ø., Furevik, T., Ingvaldsen, R., Loeng, H., Mork, K. A., Orvik, K. A., & Ozhigin, V. (2008). Volume and heat transports to the Arctic
Ocean via the Norwegian and Barents Seas. In Arctic–subarctic ocean fluxes: Defining the role of the northern seas in climate (pp. 45–64).

Smith, L. C., & Stephenson, S. R. (2013). New Trans‐Arctic shipping routes navigable by midcentury. Proceedings of the National Academy of
Sciences of the United States of America, 110(13), E1191–E1195. https://doi.org/10.1073/pnas.1214212110

Steele, M., Ermold, W., & Zhang, J. (2008). Arctic Ocean surface warming trends over the past 100 years. Geophysical Research Letters, 35(2),
L02614. https://doi.org/10.1029/2007gl031651

Stroeve, J., Barrett, A., Serreze, M., & Schweiger, A. (2014). Using records from submarine, aircraft and satellites to evaluate climate model
simulations of Arctic sea ice thickness. The Cryosphere, 8(5), 1839–1854. https://doi.org/10.5194/tc‐8‐1839‐2014

Stroeve, J., & Meier, W. N. (2018). Sea ice trends and climatologies from SMMR and SSM/I‐SSMIS, version 3 [Dataset]. Retrieved from https://
nsidc.org/data/nsidc‐0192/versions/3

Sumata, H., de Steur, L., Divine, D. V., Granskog, M. A., &Gerland, S. (2023). Regime shift in Arctic Ocean sea ice thickness.Nature, 615(7952),
443–449. https://doi.org/10.1038/s41586‐022‐05686‐x

Wang, X., Key, J., Kwok, R., & Zhang, J. (2016). Comparison of Arctic sea ice thickness from satellites, aircraft, and PIOMAS data. Remote
Sensing, 8(9), 713. https://doi.org/10.3390/rs8090713

Woods, C., & Caballero, R. (2016). The role of moist intrusions in winter Arctic warming and sea ice decline. Journal of Climate, 29(12),
4473–4485. https://doi.org/10.1175/jcli‐d‐15‐0773.1

Yi, D. L., Fan, K., & He, S. (2023). Thermodynamic and dynamic contributions to the abrupt increased winter arctic sea ice growth since 2008.
Environmental Research Letters, 19(1), 014048. https://doi.org/10.1088/1748‐9326/ad13b7

Zhang, J., Lindsay, R., Schweiger, A., & Rigor, I. (2012). Recent changes in the dynamic properties of declining Arctic sea ice: A model study.
Geophysical Research Letters, 39(20), L20503. https://doi.org/10.1029/2012gl053545

Zhang, J., & Rothrock, D. A. (2003). Modeling global sea ice with a thickness and enthalpy distribution model in generalized curvilinear co-
ordinates. Monthly Weather Review, 131(5), 845–861. https://doi.org/10.1175/1520‐0493(2003)131<0845:mgsiwa>2.0.co;2

Zhang, P., Chen, G., Ting, M., Ruby Leung, L., Guan, B., & Li, L. (2023). More frequent atmospheric rivers slow the seasonal recovery of Arctic
sea ice. Nature Climate Change, 13(3), 266–273. https://doi.org/10.1038/s41558‐023‐01599‐3

Geophysical Research Letters 10.1029/2024GL108225

ONARHEIM ET AL. 10 of 10

 19448007, 2024, 10, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
108225 by C

ochrane M
exico, W

iley O
nline L

ibrary on [10/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1029/2019jc015101
https://doi.org/10.1029/2019jc015101
https://doi.org/10.1038/s41561-019-0363-1
https://doi.org/10.1002/2017gl074304
https://doi.org/10.1002/2017gl074304
https://doi.org/10.5281/zenodo.10986370
https://doi.org/10.5281/zenodo.10986370
https://doi.org/10.1175/jcli-d-17-0427.1
https://psc.apl.uw.edu/research/projects/arctic-sea-ice-volume-anomaly/data/
https://doi.org/10.1126/science.adh5158
https://doi.org/10.1002/qj.3941
https://doi.org/10.1175/jcli-d-20-0848.1
https://doi.org/10.5194/tc-17-1445-2023
https://doi.org/10.5194/tc-17-1445-2023
https://doi.org/10.1029/2011jc007084
https://doi.org/10.1029/2012gl051598
https://doi.org/10.5194/tc-14-477-2020
https://doi.org/10.1029/2005jc003424
https://doi.org/10.1038/s41467-021-23321-7
https://doi.org/10.1073/pnas.1214212110
https://doi.org/10.1029/2007gl031651
https://doi.org/10.5194/tc-8-1839-2014
https://nsidc.org/data/nsidc-0192/versions/3
https://nsidc.org/data/nsidc-0192/versions/3
https://doi.org/10.1038/s41586-022-05686-x
https://doi.org/10.3390/rs8090713
https://doi.org/10.1175/jcli-d-15-0773.1
https://doi.org/10.1088/1748-9326/ad13b7
https://doi.org/10.1029/2012gl053545
https://doi.org/10.1175/1520-0493(2003)131%3C0845:mgsiwa%3E2.0.co;2
https://doi.org/10.1038/s41558-023-01599-3

	description
	Recent Thickening of the Barents Sea Ice Cover
	1. Introduction
	2. Data and Methods
	2.1. Upward Looking Sonar (ULS) Measurements
	2.2. PIOMAS
	2.3. Atmospheric and Oceanic Data

	3. Observed Sea Ice Thickness Variability and Change
	4. Long‐Term Sea Ice Thickness Variability and Change: 1978–2022
	5. Mechanisms of Recent Sea Ice Thickening
	6. Discussion and Conclusions
	Data Availability Statement



