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Abstract Ocean stratification plays a crucial role in regulating heat fluxes from the ocean to the sea ice and
atmosphere. In the Arctic Ocean, a layer of fresh and cold Polar Water near the surface isolates warm and saline
Atlantic Water (AW) due to a strong halocline. While the stratification in the eastern Eurasian Basin halocline is
known to have weakened since the 2000s, we here investigate the variability of stratification over the full AW
depth range at basin scale. We analyze 40 years of in situ hydrographic data to track changes in stratification
across the entire Eurasian Basin and introduce a conceptual dynamical model to explain the underlying
mechanisms. Our results show that the most pronounced temperature and salinity variability occurs in the
∼100 m thick thermocline, which separates warm AW at depth from the colder, fresher halocline above. This
variability is driven by warm, saline anomalies lasting for a few years entering through Fram Strait and
propagating along the boundary current, superimposed on long‐term trends. Our combined observational and
modeling approach reveals that thermocline stratification has weakened by up to 50% in many regions,
enhancing the potential for upward diffusive fluxes of heat and salt toward the base of the halocline.

Plain Language Summary Ocean stratification plays a key role in determining the response of the
Arctic Ocean to climate change. Earlier studies have shown that the halocline, which protects sea ice from
warmer water underneath, has become less stable in the eastern Eurasian Basin since the 2000s. The full range of
changes down to the deeper, warmer, and saltier Atlantic Water (AW) layer has, however, been little studied. In
this study, data from the past 35 years is analyzed to track stratification changes. We find that the temperature
and salinity have varied the most in the so‐called thermocline, which separates the warmer AW below from the
colder, fresher halocline above. The changes in stratification are driven by both short‐term anomalies of warm,
saline water entering through Fram Strait and by a long‐term warming and salinity increase. In many parts of the
Eurasian Basin, the thermocline has become up to 50% less stable, making it easier for heat and salt to move
upwards to the base of the halocline. Using a conceptual model, we propose a mechanism linking temperature
and salinity changes to the stratification of the water column.

1. Introduction
Over the past four decades, the Arctic Ocean has undergone profound changes in response to anthropogenic
climate change. The sea‐ice cover has decreased significantly, associated with rising atmospheric surface tem-
peratures (Rantanen et al., 2022) and ocean surface warming. Several studies point toward an increasing role of
heat stored in the ocean subsurface on sea‐ice retreat (Polyakov et al., 2004, 2017). Most of the oceanic heat input
into the Arctic Ocean subsurface is supplied by the warm (>2°C) and relatively saline Atlantic Water (AW)
entering the Arctic Ocean via Fram Strait and the Barents Sea, which then circulates around the Eurasian,
Makarov and Canada Basins following the bathymetry (Figure 1a). Observations at Fram Strait show a heat
content increase in these waters, which manifested both as a long‐term trend and as intermittent short‐term
anomalies. A warming trend of 0.6°C/decade was found by Beszczynska‐Möller et al. (2012) between 1997
and 2010 in the temperature of the AW at Fram Strait. Warm anomalies lasting for 2–3 years have also been
observed. The first reported warm anomaly was observed in 1990 north of Franz Joseph Land and Severnaya
Zemlya (Quadfasel et al., 1991) but could not be traced back to Fram Strait. A second warm anomaly was
identified at Fram Strait in 1999 (Schauer et al., 2004); and observed to propagate toward the eastern Eurasian
Basin, which was reached in 2004 (Polyakov et al., 2005). The best‐documented anomaly entered Fram Strait in
2006–2007 (Beszczynska‐Möller et al., 2012) and was estimated to reach the eastern Eurasian Basin 2 years later
(Polyakov et al., 2020), but no study documented its presence further than in the Makarov Basin or along the
Lomonosov Ridge in the current heading back toward Fram Strait. This event was followed by another warm
anomaly entering Fram Strait in 2014–2016 (Challet et al., 2022). After 2017, a general cooling and freshening
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was observed in Fram Strait (Polyakov et al., 2023). This fresh anomaly was presumably associated with the
arrival of a substantial fresh anomaly documented in the subpolar North Atlantic from the mid 2000s (Holliday
et al., 2015).

In most of the central Arctic Ocean, the impact of increasing heat content in the AW on the evolution of sea ice has
presumably been limited by the presence of the cold halocline layer (CHL), which separates the cold and fresh
surface layer from the warm and saline AW layer underneath. Just below the CHL, in the thermocline, tem-
perature increases rapidly with depth, accompanied by a more gradual increase in salinity, before reaching the
warm, saline AW core which is characterized by a temperature maximum (Figure 1b). While the AW layer
contains sufficient heat to melt the entire sea‐ice cover of the Arctic Ocean several times over, the strong CHL's
density stratification limits the heat flux between the AW and the surface layer to less than 1–2 W/m2 across most
of the Arctic Ocean (Carmack et al., 2015). However, evidence of a weakening of the CHL stratification was
found in the eastern Eurasian Basin, close to the Laptev Sea (Polyakov et al., 2017), which could accelerate the
pace of future sea‐ice loss (Muilwijk et al., 2023). This contrasts with the Amerasian Basin where a strengthening
of the halocline has been observed over the past decades (Morison et al., 2012; Rosenblum et al., 2022).

While the CHL certainly plays a central role in regulating heat fluxes between the warm AW and the surface,
these fluxes are also likely influenced by hydrographic changes within the AW layer itself. At basin scale,
observational studies of long‐term hydrographic changes in the AW layer have primarily focused on the evolution
of the AW core temperature (Richards et al., 2022), highlighting a warming from the 1990s to the 2000s (Pol-
yakov et al., 2012), rather than on changes in the vertical distribution of the heat content. However, mooring data
from the eastern Eurasian Basin show that hydrographic changes there have been dominated by a significant
shoaling trend of the upper boundary of the AW layer since the early 2000s, leading to a larger ocean heat flux to
the sea ice in winter in some places (Polyakov et al., 2017). The amplitude of this AW shoaling at basin scale and
its physical drivers—in particular the role of AW properties and stratification changes, have, to our knowledge,
been little investigated. In this study, we show evidence of a thickening trend of the AW layer across the entire
Eurasian Basin, which is associated with upward and downward shifts of the upper and lower boundaries of the
layer, respectively. We propose a mechanism to link this thickening trend to changes in the properties of the AW
inflow entering the basin through Fram Strait.

Our analysis is organized as follows. We first map regional changes in the properties of the Arctic Ocean above
the AW core for the entire Eurasian Basin based on observations. We then differentiate five subregions which are
identified by coherent stratification characteristics (Section 2). The hydrographic development is shown sepa-
rately for all five regions. We show that variability in both temperature and salinity is concentrated in the AW
thermocline below the CHL, and that this variability is associated with reduced stratification in the thermocline
down to the AW core (Section 3). Finally, we try to explain how temperature and salinity anomalies entering via
Fram Strait have the potential to modify the stratification and vertical T‐S distributions as they travel around the
Eurasian basin, with the help of a simple advection‐diffusion model able to reproduce conditions consistent with
the observations (Sections 4 and 5).

2. Data and Methods
In the Arctic Ocean continuous time series are rarely available and most of the data are scattered in space. It is
therefore challenging to create a consistent picture of trends and variability across large regions such as the
Eurasian Basin (Richards et al., 2022).We propose a newmethod to divide the Eurasian Basin into several regions
with coherent hydrographic properties and reconstruct separate time series of temperature, salinity, and strati-
fication for the different regions, respectively. This approach provides an overview of the evolution of the hy-
drographic properties and the thickening of AW across the Eurasian Basin.

2.1. Data

Our data set consists of hydrographic data from the World Ocean Database (WOD, https://www.ncei.noaa.gov/
products/world‐ocean‐data‐base; Boyer et al., 2018) dating back to the 1980s, which are complemented with data
from the MOSAIC expedition (Rabe et al., 2022; Tippenhauer et al., 2023) in 2019–2020, as well as the latest
Conductivity/Temperature/Depth (CTD) casts obtained by the NABOS project in 2018 and 2021 (NABOS,
https://uaf‐iarc.org/nabos). The WOD database contains CTD casts that were mostly obtained in summer ice‐free
or thin‐ice conditions, hydrographic profiles from Ice‐Tethered Profilers which provide some coverage of ice‐
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covered regions along the Transpolar Drift, in particular during winter, as well as data from Argo floats deployed
in the region. In total, our extended data set contains more than 62,000 profiles representing the Eurasian Basin in
both summer and winter and covering the period 1987–2023.

Current velocity measurements from the A‐TWAIN moorings located on the continental slope of the Nansen
Basin at 31°E (Sundfjord et al., 2022) are additionally used in Section 4 to assess the realism of the idealized
current velocity distribution used in the conceptual model.

2.2. Methods—Region Definition

To make the profiles comparable with an automated routine, all profiles were interpolated on a regular grid with a
5 m vertical resolution between the surface and 500 m depth. The profiles with an average vertical resolution
coarser than 10 m were discarded.

Temperature and salinity profiles exhibit large geographical differences across the Arctic Ocean. In the seasonally
ice‐free areas north of Svalbard, temperatures can reach up to 4°C in the uppermost 150 m (Meyer et al., 2017)
while the same depth range shows temperatures close to the freezing point in the Amundsen Basin (e.g., Metzner
& Salzmann, 2023). For the reconstruction of temporal variability of hydrographic properties, it is therefore
beneficial to split the Eurasian Basin into smaller regions which undergo comparable changes. While previous
studies have used fixed boxes (e.g., Polyakov et al., 2004, 2008), in this study, we define regions based on
coherent temperature and salinity profiles.

We use a clustering algorithm to objectively identify profiles representing similar stratification. We apply the K‐
means algorithm (Hartigan & Wong, 1979), which reduces the variability within each cluster iteratively, to the
15,000 profiles with no missing temperature or salinity data between 20 and 255 m, as the method requires full
profiles. To ensure that temperature and salinity variability contribute equally to the clustering process, the
profiles are normalized and concatenated into a single combined profile before applying the clustering algorithm.
The algorithm is initialized from a prescribed number of random profiles, which are taken as the first centroids.
All other profiles are then allocated to the closest of these centroids, based on Euclidean distances between the
concatenated T‐S profiles, to define the initial clusters. In each cluster, the centroid is then recalculated as the
mean of all the cluster members. After a few iterations, the algorithm returns the final clusters. We find that
prescribing 8 clusters is sufficient to discriminate between locations with well‐known hydrographic contrasts
(e.g., the boundary current vs. the basin interior) while making sure that all clusters contain a significant fraction

Figure 1. (a) Ocean circulation and main geographic features in the Eurasian Basin. The black dashed line shows the location of the section in (b). (b) Temperature
distribution along 40°E between 80°N and 90°N in the World Ocean Atlas climatology. The black contours show the depths of the σ = 27.0 kg m− 3, σ = 27.6 kg m− 3,
σ = 27.8 kg m− 3, and σ = 27.93 kg m− 3 isopycnals. The dashed line shows the location of the Gakkel ridge, separating the Nansen and Amundsen basins.
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of the profiles. Figure 2a shows the locations of the 15,000 profiles and their distribution between the 8 clusters.
The spatial distribution of the profiles reveals distinct geographic regions between the different clusters such that
each cluster is said to represent a region. Similar clusters and geographical distributions can be obtained from
separate analysis of summer and winter data, meaning that the seasonality of the data has little impact on cluster
allocation (not shown). One exception is the cluster located in the Amundsen Basin, marked with red dots in
Figure 2a, which only appears when winter data are included and only contains data from a few specific years
showing deeper surface layers in the Amundsen Basin. This cluster has been excluded from the analysis later on.
Except for this cluster, the clusters' definition is more influenced by the spatial variability of the profiles than by

Figure 2. Geographical distribution of (a) the clusters obtained from the 15,000 complete temperature and salinity profiles
between 20 and 255 m, and (b) all 62,000 profiles according to their allocated region based on the clusters defined in (a).
Region‐averaged (c) in situ temperature, (d) salinity, (e) potential density referenced to surface pressure and (f) squared
buoyancy frequency associated with the regions in (b). The colors of the profiles correspond to the colors of the regions in
(b). Shaded areas show the standard deviations within each region. The colored symbols show the average depths of the
σ = 27.0 kg m− 3, σ = 27.6 kg m− 3, σ = 27.8 kg m− 3, and σ = 27.93 kg m− 3 isopycnals on each profile.
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their time variability, and studying the evolution of water properties in regions defined from these clusters is an
effective way to limit the errors stemming from the comparison of profiles from different locations as much as
possible.

After defining regions from the initial clustering, our algorithm assigns all 62,000 available profiles—including
those used in the clustering step and previously excluded incomplete profiles—to the region corresponding to the
dominant cluster within 5° of longitude and 1° of latitude from each profile's location. Furthermore, the gray and
orange clusters located north of Svalbard are merged into a single region due to their geographical overlap, and the
region associated with the dark green cluster north of Greenland is excluded due to too poor temporal data
coverage.

The final region definition used in our analysis is presented in Figure 2b and divides the basin into five regions,
whose boundaries match well with the main topographic features of the Eurasian Basin. This matching already
suggests that ocean currents, known to be largely affected by the bottom topography at such high latitudes
(Isachsen et al., 2003; Karcher et al., 2007), likely play some role in setting the distribution of the hydrographic
properties. The regions will be named as follows: (a) North Svalbard (orange region in Figure 2b), (b) Boundary
Current (light orange), (c) Nansen Basin (light green), (d) Amundsen Basin (pink) and (e) Lomonosov Ridge
(dark blue). In the following sections, we will furthermore use the term “Eurasian Basin interior” when
considering the Nansen Basin and Amundsen Basin regions together.

2.3. Construction of Time Series

The available temperature and salinity profiles were used to reconstruct time series of monthly hydrographic
properties at various depths of the water column over the period 1987–2023. As expected, the intra‐annual
temporal distribution of the data is highly uneven at all depths, with a notably larger number of profiles
collected during the warm season. This uneven distribution could bias estimates of the long‐term variability and
would, in principle, require at least a deseasoning of the data. However, we found that—except in the surface layer
—the seasonal cycle is relatively weak compared to the spatial variability within each region and is difficult to
estimate reliably. We therefore chose to construct time series using rawmonthly data rather than deseasoned data.
Alternative approaches based on time series for individual seasons were also considered. Only the summer and
fall seasons were adequately sampled, and the resulting time series exhibited variability similar to that of the full‐
year time series.

To avoid temperature and salinity biases linked to the variable geographic distribution of available data within a
region from 1 month to the next, each temperature and salinity profile was compared to the annual World Ocean
Atlas (WOA) climatology with a 1° resolution (https://www.nodc.noaa.gov/OC5/woa18/, see Locarnini
et al., 2013; Zweng et al., 2019) at the closest grid point to calculate anomalies from the climatology. At various
depths, all anomalies for a given month in a given region were then averaged to build a time series of the tem-
perature and salinity anomalies. Outliers, defined as anomalies which spread out from the long‐term trend by
more than two standard deviations, were then removed from all time series. The correction of the biases induced
by the geographic distribution of profiles within a region could not be applied to the squared buoyancy frequency,
due to the presence of unstable profiles in the WOA climatology.

Estimates of the uncertainties on the trends were calculated following Storch (1998), as:

[a + t2.5%sa; a + t97.5%sa]

with:

s2a =
s2r
ns2t

where a is the estimated trend, t2.5% and t97.5% are the 2.5% and 97.5% percentiles for a Student law with n degrees
of freedom, n is estimated from Santer et al. (2000), s2r is the variance of the detrended time series and s2t is the
variance of the time values with available data.
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3. Results: Enhanced Warming and Salinity Increase in the Thermocline and Large‐
Scale Weakening of Stratification in the Thermocline Down to the AW Core
3.1. Regional Contrasts in the Stratification Profiles

The typical stratification in the Arctic Ocean has some key features that are present in all identified regions: (a) a
surface layer, characterized by temperatures close to the freezing point and low salinities compared to deeper
layers—not visible in Figure 2 due to the averaging of summer and winter profiles; (b) the CHL; (c) the so‐called
thermocline and (d) the AW core. The colored symbols in Figures 2c–2f show the depths of the σ = 27.0 kg m− 3,
σ = 27.6 kg m− 3, σ = 27.8 kg m− 3 and σ = 27.93 kg m− 3 isopycnals in all regions, representing the boundaries
between these layers.

The average temperature and salinity profiles for each region presented in Figures 2c and 2d provide an overview
of the T‐S spatial variability across the Eurasian Basin. The North Svalbard region features warm and saline
profiles, with maximum AW temperatures of 2.5–4°C located relatively close to the surface, between 50 and
100m. Downstream in the Boundary Current region, surface temperatures have cooled down to values close to the
freezing point and the AW core has moved down to almost 200 m. The stratification shows little change between
the North Svalbard and the Boundary Current regions, as the effects of cooling and freshening at the surface
compensate each other. In these regions, a seasonal halocline is formed by the pronounced salinity difference
between AW and summer meltwater. In winter, the halocline is removed as a result of surface freezing, subse-
quent brine release, and mixing with AW (Baumann et al., 2018; Fer et al., 2017; Metzner & Salzmann, 2023).
The transition from the Boundary Current region to the Nansen Basin region is characterized by a deepening of
the 27.6 kg m− 3 isopycnal, representing the lower boundary of the CHL, down to 100 m. The thermocline also
deepens between the two regions from approximately 100 m in the Boundary Current region to about 150 m in the
Nansen Basin (Figure 2). The thermocline deepening comes along with a decrease in temperature and salinity.
From the Nansen Basin to the Amundsen Basin, the AW core continues to cool and descend—it reaches 300 m
depth in the Amundsen Basin. The CHL stratification increases, due to lower salinities in the uppermost 150 m,
and is maintained throughout the year. The difference between the Amundsen Basin and Lomonosov Ridge
regions is mostly driven by salinity changes in the first 100 m. Almost 1 Sv of relatively fresh waters from the
Siberian shelves is transported into the Eurasian Basin by the surface‐intensified Transpolar Drift. This transport
is confined to the uppermost 50 m (Charette et al., 2020), which significantly lowers subsurface salinities in the
Lomonosov Ridge region. Across the entire Eurasian Basin, density profiles have the same shape as salinity
profiles which emphasizes the important role of salinity for the stratification in the Eurasian Basin. The spatial
variability of the depths of the boundaries between the surface layer, the CHL, the thermocline and the AW core
are summarized in Figure S1.

3.2. Low‐Frequency Temperature and Salinity Variability in the Thermocline Above the AW Core

Figure 3 presents the evolution of the temperature and salinity in all regions since the mid‐1980s. Long‐term
trends in temperature and salinity are most visible in the Eurasian Basin interior. Figures 3c and 3d show sig-
nificant multi‐decadal warming and salinification trends, which are particularly pronounced in the thermocline.
The largest temperature increase is found at 150 m in the Nansen Basin where it reaches 0.4°C (±0.1°C at the
p = 0.05 significance level) per decade. In the Amundsen Basin, the temperature trend in the thermocline is
mostly visible from the year 2000. In the meantime, the salinity at the CHL base (between 100 and 150 m) has
increased significantly, by 0.1 psu (±0.05 psu at the p = 0.05 significance level) per decade in both the Nansen
Basin and Amundsen Basin regions.

In the other regions, located along the edges of the basin, the temperature and salinity variability is impacted by
the passage of warm and saline anomalies persisting over several years, potentially superimposed on the long‐
term trends. An example of warm and saline anomaly is observed in the North Svalbard region between 2004
and 2008 (Figure 3a) and can be found a few years later in the Boundary Current region (Figure 3b). Signs of other
warm anomalies may be visible in the North Svalbard region in 1992–94 and 2014–16. The larger error bars in
Figures 3a and 3b compared to the other panels are likely due to the small‐scale horizontal variability between the
core of the AW current, which is typically 30 km wide north of Svalbard (Perez‐Hernández et al., 2017; Våge
et al., 2016), and the rest of the regions. Still, a significant positive temperature trend can be identified in the North
Svalbard and Boundary Current regions at most depths (see Figure 4), with the fastest increase at 100 m.
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Figure 3.
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The different variability patterns observed in the Amundsen Basin and Lomonosov Ridge regions are a good
illustration of the contrasts between the basin edges and its interior. At least two periods of higher temperatures
and salinities are observed in the Lomonosov Ridge region: a first one in the 1990s, whose timing and amplitude
are difficult to estimate accurately due to poor data coverage, and a second one peaking in 2011. These anomalies
are most pronounced in the thermocline, with typical amplitudes of 0.5°C and 0.1 psu, and remain relatively weak
close to the AW core (250 m), though following a similar pattern. The 1990s’ warm period in the Lomonosov
region could be associated with the arrival of the anomaly identified by Quadfasel et al. (1991) (Morison
et al., 1998), and the later warm and saline periods could correspond to the passage of more recent warm
anomalies that were so far only detected from Fram Strait to the Eastern Eurasian Basin, with a lag of around
5 years between Fram Strait and the Lomonosov Ridge region. Despite the presence of these anomalies, sig-
nificant positive temperature and salinity trends (+0.3°C (±0.2°C at p= 0.05) per decade at 200 m and+0.09 psu
(±0.02 psu at p = 0.05) per decade at 150 m) are still visible from the early 2000s. The presence of an anomaly in
the 1990s and data scarcity make it harder to extend this trend back to the 1980s, although available data suggest
the potential existence of a long‐term trend starting in the late 1980s (Figures 3 and 4).

3.3. Vertical Migration of Isopycnals and Large‐Scale Weakening of Stratification

Since the stratification in the Arctic is mostly salinity‐driven above the AW layer, the stratification in this layer is
likely to be impacted by the positive salinity trends which are observed in most of the Eurasian Basin (from the
Nansen Basin to the Lomonosov Ridge) close to the CHL base. Figure 5 shows the evolution of the σ= 27.0, 27.6,
27.8, and 27.93 kg m− 3 isopycnal depths, providing a visualization of stratification changes over more than
30 years.

The σ = 27.6 kg m− 3 and σ = 27.8 kg m− 3 isopycnals are found to have moved upwards since the 1980s in the
Nansen Basin and Amundsen Basin regions, with an average pace of 15 m (±8 m) per decade. In the Lomonosov
Ridge region, similar trends are observed from the 2000s. These isopycnal movements are due to the large
positive salinity trends observed in the thermocline and at the base of the CHL. Further up, no significant trends
are found in the depth of the σ = 27.0 kg m− 3 isopycnal, meaning that the isopycnals located in the CHL have
moved closer together. Concomitantly, below the AW core, the depth of the σ = 27.93 kg m− 3 isopycnal is found
to increase over time at a pace of 37 m (±26 m at p= 0.05) per decade in the Boundary Current and 17 m (±9 m at
p = 0.05) per decade in the Amundsen Basin. In the other regions, the trend is weakly significant. Therefore the
isopycnals located above and below the AW core tend to move apart from each other in all five regions, implying
a general weakening trend in the stratification of the AW layer. In the Amundsen Basin region for example, the
thickness of the AW core, bounded by the σ= 27.8 kg m− 3 and the σ= 27.93 kg m− 3 isopycnals, doubled between
1990 and 2020, increasing from less than 100 m to more than 200 m (Figure 5d). As a result, the mean strati-
fication in this layer decreased by 50% in 30 years (Figure 4).

The temperature, salinity and stratification trends and their uncertainties are summarized in Figure 4 and Table 1.
Though a depth range with a significant warming and salinity increase can be identified in most regions, the
largest trends and lowest uncertainties are found in the Nansen and Amundsen Basin regions (Figures 4c and 4d).
The depths of largest temperature and salinity increases match the depths of the largest vertical temperature and
salinity gradients in the mean profiles. This corresponds to an upward migration of the full thermocline rather than
an increase of the temperature of the AW core, and to an upward migration of the base of the CHL. Stratification
changes are only significant in the Eurasian Basin interior. There, the layers with a reduced stratification span
from the CHL base (50–100 m) to below the AW core (around 350 m), with stratification decreasing at rates
mostly between 1% and 3% per year. This weakening of the stratification is mostly salinity‐driven. Below 350 m,
the sign of the stratification trend switches and a significant stratification increase is visible in most regions. This
stratification increase is temperature‐driven and can be associated with a faster temperature increase of the AW
core compared to deeper waters. A subsurface stratification increase is also visible close to 50 m, significant at

Figure 3. Time series of monthly temperatures (left) and salinities (right) over the period 1987–2023 at different depths above the Atlantic Water core in (a) the North
Svalbard (at 50, 100, and 150 m), (b) the Boundary Current (at 50, 100, and 150 m), (c) the Nansen Basin (at 100, 150, and 200 m), (d) the Amundsen Basin (at 150, 200,
and 250 m) and (e) the Lomonosov Ridge (at 150, 200, and 250 m) regions. Solid lines show a weighted average of monthly values computed over 8‐year‐long windows,
with decreasing weights toward the window's edges. The black error bars show the average standard deviation of temperature and salinity values used for monthly
averages. The shaded areas show the estimated timing of the propagation of a warm and saline anomaly along the basin edges.
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Figure 4. Mean profiles (in black) and trends (in red) over the period 1987–2023 for (left) temperature, (middle) salinity and
(right) squared buoyancy frequency in (a) the North Svalbard, (b) the Boundary Current, (c) the Nansen Basin, (d) the
Amundsen Basin and (e) the Lomonosov Ridge regions. The shaded areas show the 95% confidence intervals. The top (resp.
bottom) horizontal axes refer to the mean state (resp. the trends).
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95% in the Nansen Basin and the Lomonosov Ridge regions. It is salinity‐driven and associated with a faster
salinity increase at the CHL base compared to the surface, where no significant salinity trends are found.

In this section, we documented the variability in the T‐S properties of the AW and upper layers in the Eurasian
Basin. We found that regions located in the basin interior (Nansen Basin and Amundsen Basin regions) expe-
rienced a long‐term warming and salinification trend, while on the edges of the basin (North Svalbard, Boundary

Figure 5. Monthly depths of the σ = 27.0 kg m− 3, σ = 27.6 kg m− 3, σ = 27.8 kg m− 3, and σ = 27.93 kg m− 3 isopycnals in
(a) the North Svalbard, (b) the Boundary Current, (c) the Nansen Basin, (d) the Amundsen Basin and (e) the Lomonosov
Ridge regions. Solid lines show a weighted average of monthly values computed over 8‐year‐long windows, with decreasing
weights toward the window's edges.
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Current, and Lomonosov Ridge regions), several shorter warm and saline anomalies were superimposed on
existing trends. Both short‐term anomalies and long‐term trends in the temperature and salinity were found to be
concentrated in the thermocline and at the CHL base rather than close to the AW core in the Eurasian Basin.
Associated with this signal, a reduced stratification was observed in the thermocline and upper AW core in all
regions, as well as a thickening of the AW core, bounded by the σ = 27.8 kg m− 3 and the σ = 27.93 kg m− 3

isopycnals.

4. A Conceptual Model of Weakening Stratification and Thickening AW Core
4.1. Description of the Conceptual Model

We postulate that anomalies identified along the edges of the Eurasian Basin are advected from the basin entrance.
To test this hypothesis, we use a simple advective‐diffusive model to examine how vertical diffusion of tem-
perature and salinity anomalies could transform anomalies entering through Fram Strait along their pathway, and
account for their accumulation in the thermocline as described in Section 3. Our model takes into account what we
consider the main features regulating the evolution of temperature and salinity anomalies in the basin: a sub-
surface salinity‐stratified layer, which contains a thermocline extending down to the AW core and is capped by a
cold, fresh surface layer, and an advective component representing the large‐scale circulation of the boundary
current. The Lagrangian equations driving the evolution of the temperature T and salinity S of a water column
circulating around the basin may be written as follows (Equation 1):

DT(z, t)
Dt

= Γ
∂
∂z
(

ε(z)
N2(z, t)

∂T(z, t)
∂z

) + F(z, t) (1)

DS(z, t)
Dt

= Γ
∂
∂z
(

ε(z)
N2(z, t)

∂S(z, t)
∂z

) + G(z, t)

N2(z, t) =
− g
ρ0
∂ρ(S,T)
∂z

Diffusion is modeled here using the Osborn relation (Osborn, 1980) commonly used for turbulent heat fluxes
(Lenn et al., 2011; Meyer et al., 2017), which expresses the turbulent diffusivity as (Equation 2):

Kz = Γ
ε
N2

(2)

Table 1
Summary of the Main Trends Identified From Figure 4 in the Eurasian Basin Over the 1987–2023 Period

Region

Depth range with
significant temperature

trend

Maximum
temperature trend

(°C/yr)

Depth range with
significant salinity

trend (m)
Maximum salinity
trend (psu/yr)

Depth range with
significant stratification

trend

Maximum
stratification
trend (%/yr)

North
Svalbard

20–500 m +0.05 (±0.03)
at 50 m

50–250 +0.004 (±0.003)
at 50 m

N.A. N.A.

Boundary
Current

20–400 m +0.035 (±0.015)
at 100 m

100–120 +0.0025
(±0.0025) at 100 m

N.A. N.A.

Nansen
Basin

20–220 m +0.045 (±0.012)
at 140 m

30–280 +0.015 (±0.005)
at 50 m

50–350 m (negative) − 2.6 (±1.4) at 220 m

400–480 m (positive) +1.8 (±0.8) at 470 m

Amundsen
Basin

40–260 m +0.017 (±0.007)
at 100–170 m

50–200 +0.01 (±0.003)
at 90 m

140–310 m (negative) − 3 (±2) at 240 m

350–500 m 400–410 m (positive) +0.6 (±0.4) at 470 m

Lomonosov
Ridge

N.A. N.A. 80–100 +0.004 (±0.004) at
120 m

140–160 and 300–320 m
(negative)

− 2.6 (±4.4) at 250 m

440–500 m (positive) 1.1 (±0.2) at 460 m

Note. The values in brackets indicate the 95% uncertainty intervals for the trend estimates.
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where ε is the dissipation rate, N2 is the squared buoyancy frequency and Γ is the mixing efficiency, usually set to
0.2. With this formulation, we neglect other vertical diffusive processes such as double diffusion. F and G are
forcing terms accounting for all other processes affecting the temperature and salinity.

The profile of the dissipation rate ε is chosen based on microstructure measurements collected along the path of
the boundary current in 2018 (Schulz et al., 2022), with values close to 10− 5 W/kg at the surface and decaying to
10− 9 W/kg between 100 and 1,000 m. According to observations collected during the Akademik Tryoshnikov
cruise AT2018 in 2018, these values are up to two orders of magnitude lower than the dissipation rates at the shelf
break (in blue in Figure 6a) and closer to profiles further offshore (in red in Figure 6a), where most of our ob-
servations are located. The water column in the model travels 5,000 km following the edges of the basin at the
velocity v, which is assumed to be barotropic (Equation 3):

v(x) = 14e
− x
1,000 + 2, (3)

Figure 6. (a) Microstructure measurements during Akademik Tryoshnikov cruise AT2018 along the boundary current
between 100°E and 150°E over depths shallower (blue) and deeper (red) than 1,000 m, shown with the idealized dissipation
rate used in the conceptual model (black). (b) Trajectory of the water column in the conceptual model (blue) and location of
the Fram Strait, A‐TWAIN, and NABOS mooring lines (red lines). (c, d) Temperature, salinity, and squared buoyancy
frequency profiles along the pathway of the water column in (c) the World Ocean Atlas climatology and (d) the reference
state of the conceptual model.
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where x is the distance from the entrance following the water column pathway expressed in km and v is expressed
in cm/s. Equation 3 assumes an exponential decrease of the velocity with distance from the basin entrance, from
16 cm/s at the entrance to 2 cm/s close to the North Pole, to account for the downslope migration and slowdown of
the Fram Strait branch of the boundary current while passing Saint Anna Trough (Ruiz‐Castillo et al., 2023). The
characteristic decay scale corresponds to a transit time of 5 years around the basin, consistent with values sug-
gested by Swift et al. (1997) and results of Section 3, where warm anomalies were found to travel between the
North Svalbard and the Lomonosov Ridge regions in around 5 years (compare Figures 3a and 3e). The velocity at
the basin entrance is slightly larger than the average velocity of 12 cm/s observed in the core of the current at the
A‐Twain mooring line (Athanase et al., 2020) and velocities along the Lomonosov Ridge are similar to those
found by Aagaard (1989). Note that the model results were found to be almost insensitive to changes in the shape
of the velocity profile in Equation 3, or to an increase in the advection timescale to values up to 15 years.

The model is used to predict how temperature and salinity anomalies at the basin entrance are modified while
circulating around the basin. These anomalies (Tʹ , Sʹ ,N2ʹ) are defined as the difference between a perturbed state
(Ta, Sa,N2a) and an evolving reference state (Tref , Sref ,N2ref) based on the climatological ocean conditions along the
anomalies' pathway. Supposing that the only changes between the two states of the system are the result of vertical
diffusion and advection—or in other words that the forcings F and G stay the same, the equations of the tem-
perature and salinity anomalies can be obtained as (Equation 4):

DTʹ
Dt

= Γ[
∂
∂z
(
ε
N2a

∂Ta

∂z
) −

∂
∂z
(

ε
N2ref

∂Tref
∂z

)] (4)

DSʹ
Dt

= Γ[
∂
∂z
(
ε
N2a

∂Sa
∂z

) −
∂
∂z
(

ε
N2ref

∂Sref
∂z

)]

N2ʹ = N2a − N2ref

Or, expressed in terms of anomalies (Equation 5):

DTʹ
Dt

= Γ
∂
∂z
(

ε
N2ref + N2ʹ

∂Tʹ
∂z

) − Γ
∂
∂z
(

εN2ʹ
N2ref (N

2
ref + N2ʹ )

∂Tref
∂z

) (5)

DSʹ
Dt

= Γ
∂
∂z
(

ε
N2ref + N2ʹ

∂Sʹ
∂z

) − Γ
∂
∂z
(

εN2ʹ
N2ref (N

2
ref + N2ʹ )

∂Sref
∂z

)

N2ʹ = N2a (Tʹ ,Sʹ) − N2ref

If the anomalies Tʹ , Sʹ , and N2ʹ are small compared to the reference values Tref , Sref , andN2ref , these equations can
be linearized around the reference state as (Equation 6):

DTʹ
Dt

≃ Γ
∂
∂z
(

ε
N2ref

∂Tʹ
∂z

) − Γ
∂
∂z
(
εN2ʹ
N4ref

∂Tref
∂z

) (6)

DSʹ
Dt

≃ Γ
∂
∂z
(

ε
N2ref

∂Sʹ
∂z

) − Γ
∂
∂z
(
εN2ʹ
N4ref

∂Sref
∂z

)

N2ʹ ≃ − g
∂(α(Tref ,Sref) Tʹ)

∂z
+ g

∂(β(Tref ,Sref) Sʹ)
∂z

where α and β are the seawater thermal expansion and haline contraction coefficients respectively.

Equation 6 is used for the interpretation of physical processes in Figure 9 while Equation 5 is the one implemented
in the model. These equations assume that the evolution of tracer (either T or S) anomalies along their pathway is
balanced by two diffusion‐like terms. The first term corresponds to the diffusion of anomalies in the mean
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Figure 7. Synthesis of the initial (dashed) and final (solid) anomaly profiles in all 10 simulations. Each panel summarizes the
final profiles obtained from two simulations with the same initial conditions but including (red) or ignoring (blue) the
coupled term in the integration of Equation 5. The solid black profiles in (a–c) show the anomalies in the Lomonosov Ridge
region estimated from the observations.
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stratification. It is responsible for a vertical spreading of the T‐S anomalies entering the basin and will thereafter
be referred to as “the uncoupled term.” The second term corresponds to the anomalous diffusion of the mean
profile due to stratification changes induced by changes in the tracer profiles. It will thereafter be referred to as
“the coupled term” as it accounts for the coupling between T‐S anomalies and stratification anomalies.

We consider the evolution of anomalies initially present in the Boundary Current region (as defined in Figure 2b)
down to the Lomonosov Ridge region, along the path shown in Figure 6b. Solving Equation 5 for given initial
anomalies requires the knowledge of the reference state (Tref , Sref , N2ref). The latter is obtained by linear inter-
polation between the profiles representing the start and end points of this path, respectively. By comparison with
observational data from the WOA climatology, we find that this is a simplified, but realistic representation of the
reference state (Figures 6c and 6d) while offering the advantage of a smoother evolution of the conditions along
the anomaly path.

The boundary conditions assume no temperature anomaly at the surface and zero salinity flux anomaly through
the surface. The temperature condition therefore allows some anomalous heat loss at the surface. The model
bottom boundary condition imposes no temperature and salinity anomalies at a depth of 1,000 m. Testing different
boundary conditions (zero salinity anomaly at the surface or no anomalous heat flux through the surface) did not
yield qualitatively different results regarding the impact of anomalies on the stratification in the AW layer.

We first test how the model transforms realistic T‐S profiles observed in the Boundary Current region during a
warm anomaly and compare these results to observed anomaly profiles in the Lomonosov Ridge region (simu-
lations 1/1bis). Initial anomaly profiles in these simulations are calculated as the difference between the mean
profiles of the 1999–2004 period (pre‐anomaly conditions) and the 2006–2009 period (detection of the anomaly
in the observations) in the Boundary Current region. They are characterized by a maximum of the temperature
anomaly at 100 m, and a maximum of the salinity anomaly at 70 m (Table 2). The shallower salinity anomaly
compared to the temperature anomaly induces a weakening of stratification in the thermocline, below the salinity
anomaly maximum (Figure 7c).

Because the AW core was shown to sink from 100 to 300 m between the basin entrance and the Lomonosov Ridge
(Figure 2c), we then run four idealized simulations with deeper initial T‐S anomalies, testing the evolution of
anomalies after they have sunk with the AW core. We further test the role of the depth difference between the
initial temperature and salinity anomaly maxima, by running simulations where the initial temperature anomaly is
above, at the same depth or below the initial salinity anomaly (Table 2, simulations 2/2bis to 5/5bis). These four
idealized simulations are initialized with temperature and salinity anomalies at either 100 m or 200 m. The
anomalies are shaped as skewed Gaussian functions with maxima of 0.5°C and 0.05 psu for temperature and
salinity, respectively (Figures 7 and 8), in agreement with the magnitude of observed anomalies at the basin
entrance. Simulations with these five different initial anomalies are run twice, once ignoring the “coupled term”
and once taking both terms of Equation 5 into account (Table 2).

4.2. Response of the Water Column to Temperature and Salinity Anomalies

Figures 7a–7c provide a comparison of the evolution of realistic anomaly profiles in the model with observations
of anomalies in the Lomonosov Ridge region, a few years after their detection at the basin entrance. Observed
anomaly profiles in the Lomonosov Ridge region (solid black curves) are calculated as the difference between the
mean T‐S profiles of the 2002–2007 and 2009–2012 periods. They are characterized by a concentration of T‐S

Table 2
Summary of the 10 Simulations With the Conceptual Model

Simulations 1 1bis 2 2bis 3 3bis 4 4bis 5 5bis

Depth of the maximum of the initial temperature anomaly (m) 100 (obs.) 100 (obs.) 100 100 200 200 200 200 100 100

Depth of the maximum of the initial salinity anomaly (m) 70 (obs.) 70 (obs.) 100 100 100 100 200 200 200 200

Inclusion of the “coupled term” Yes No Yes No Yes No Yes No Yes No

Note. Simulations 1 and 1bis are initialized with anomaly profiles calculated from the observations as the difference between the 1999–2004 and 2006–2009 periods. In
simulations 2/2bis to 5/5bis, the maximum of the initial anomalies is 0.5°C and 0.05 psu, respectively, and the vertical extent is 200 m for the temperature anomaly and
150 m for the salinity anomaly.
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anomalies in the thermocline and at the CHL base, weaker anomalies in the AW core, and a weakened ther-
mocline stratification. Figures 7b and 7c show that these observed anomalies in the Lomonosov Ridge region are
better reproduced by the model when the coupling term is taken into account: the salinity anomaly deepens to
90 m, and the negative stratification anomaly is also shifted downward by approximately 40 m, leading to an even
more reduced stratification in the thermocline (100–200 m). In the absence of the coupling term, salinity and
stratification anomaly maxima are weaker by the end of the simulation. The model also reproduces the stronger
temperature anomalies in the thermocline compared to the AW core in the Lomonosov Ridge region (Figure 7a),
but presents a warm bias over the whole water column. This could be the result of the too simplistic representation
of surface processes leading to underestimated heat loss to the surface.

The results of the idealized simulations detail the role of the coupling term to accumulate temperature and salinity
anomalies at the CHL base under certain conditions. In all simulations, when maintaining a fixed background
stratification (simulations 2bis, 3bis, 4bis, and 5bis), both maximum temperature, salinity and stratification
anomalies are attenuated and spread vertically by the end of the simulations. On the contrary, when the coupling
between stratification anomalies and diffusive fluxes is accounted for, larger temperature and salinity anomalies
are obtained at the CHL base (around 100 m) at the end of the simulations, except in simulations 5/5bis.

The coupled term reads Γ ∂
∂z(

εN2ʹ
N4ref

∂Tref
∂z ) in the temperature equation (Equation 6). In simulations 2, 3, and 4 with a

negative stratification anomaly in the thermocline (N2ʹ < 0), εN2ʹN4ref
is negative between the CHL base and the AW

core but near zero or positive in the CHL, reflecting a strong vertical stratification anomaly gradient (Figures 7i
and 7l). This leads to the accumulation of T‐S anomalies at the CHL base. This is particularly visible in simu-
lations 3 and 4, where the salinity anomaly is amplified by the end of the simulations (Figures 7h and 7k), leading
to an even stronger stratification weakening in the thermocline (Figures 7i and 7l). The initial negative stratifi-
cation anomaly in the thermocline is present when initial positive temperature and salinity anomalies are colo-
cated, because the density is primarily salinity‐driven close to the surface (and therefore saltier waters are denser)
and temperature‐driven in the AW core (warmer waters are less dense). Having an initial salinity anomaly above
the initial temperature anomaly (simulation 3, Figures 7g–7i)—like in the observations—leads to an even stronger
stratification weakening as both temperature and salinity anomalies have a destratifying effect in the thermocline.

In simulations 3 and 4, where initial T‐S anomalies are closer to the AW core, the reduced thermocline strati-
fication leads to an upward displacement of the anomaly maxima, from 200 m at the start of the simulations, to

Figure 8. Vertical distribution of the (a, d) temperature, (b, e) salinity and (c, f) squared buoyancy frequency anomalies along the water column pathway for simulations 3
and 5 (simulations with the coupled term). The black line on all plots indicates the base of the cold halocline layer (σ = 27.6 kg m− 3 isopycnal) and the black arrows
indicate the depths of the maximum initial temperature and salinity anomalies.
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130 m at the end (Figures 7g, 7j, and 7k). This is caused by the presence of strong vertical gradients in the

reference state in the thermocline—(
∂Tref
∂z ) and (

∂Sref
∂z )—which strengthen the contribution of the coupled term in

Equation 6. This implies that the coupled term preferentially accumulates anomalies at depths of largest vertical
temperature and salinity gradients. In simulations 2, 3, and 4, the coupled term also induces warmer anomalies
between 300 and 400 m (Figures 7d, 7g, and 7j), in the temperature gradient below the AW core, meaning that the
AW core has thickened by the end of the simulations.

Conversely, in simulations 5/5bis, the initial temperature anomaly maximum is above the initial salinity anomaly
maximum. This induces a positive stratification anomaly in the thermocline (Figure 7o). The coupled term then
leads to weaker T‐S anomalies at the CHL base by the end of the simulations (Figures 7m and 7n). Figure 8 further
illustrates the contrast between the accumulation of T‐S anomalies at the CHL base in simulation 3 (Figures 8a
and 8b), and the vertical spreading of the T‐S anomalies in simulation 5 (Figures 8d and 8e), associated with
opposite stratification anomalies between the two simulations (Figures 8c and 8f).

Figure 9. Vertically‐averaged contributions of the different terms of Equation 6 to the diffusion of the (a) temperature and (b) salinity anomalies between 80 and 120 m
(shaded areas in (c, d)) in simulation 3. Time averages over the first months of simulation (shaded areas in (a, b)) of the different contributions to the (c) temperature and
(d) salinity anomalies as a function of depth in simulation 3. The profiles in (c) and (d) are smoothed vertically with a 50 m interval running mean.
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4.3. Role of the Coupled Term on the Vertical Diffusion of Anomalies

Figures 9a and 9b show the relative contributions of the different diffusion terms affecting temperature and
salinity anomaly changes between 80 and 120 m (around the CHL base in Figure 7) in simulation 3. The “coupled
term” is split between the temperature and salinity contributions to the stratification changes. Both contributions
(red and orange curves in Figures 9a and 9b) tend to increase temperature and salinity anomalies at the CHL base
throughout the simulation, with the salinity contribution to this coupled term primarily responsible for main-
taining these anomalies beyond a distance of 1,000 km from the source region. The “uncoupled term” has an
opposite effect on salinity anomalies during the whole simulation, and on temperature anomalies during the last
4,000 km. By the end of the simulations, these three terms nearly balance. Figures 9c and 9d display the time‐
averaged contributions of these terms as a function of depth during the first few months of simulation 3, high-
lighting how the coupling transfers both heat and salt from the upper part of the AW layer (150–250 m) to the base
of the CHL (80–120 m). Meanwhile, the temperature contribution significantly affects the warming distribution
below the AW core (around 300 m at the start of the simulations). At this depth, salinity anomalies are relatively
weak (Figure 7h), while temperature anomalies feature a vertical gradient between the warming AW core and
weaker changes further down (Figure 7g), which has a restratifying effect (Figure 7i). Similarly to the temperature
and salinity anomalies trapped between the layer of reduced stratification and the CHL around 100m, temperature
anomalies below the AW core are trapped above the layer of increased stratification. In simulation 3, this leads to
the emergence of a second temperature anomaly maximum below the AW core (Figure 7g). Combined together,
these processes result in a thickening of the AW core—both upwards and downwards ‐, as summarized in
Figure 10.

5. Discussion and Conclusion
We clustered WOD hydrographic data into regions defined by consistent vertical structure of the T‐S properties.
Identifying trends and variability for each region separately revealed two distinct variability regimes: significant
multi‐decadal warming and salinification trends in the thermocline in the Eurasian Basin interior and anomalies
lasting for several years at the basin periphery (mainly in the AW boundary current and over the Lomonosov
Ridge). The timing of these anomalies is found to be consistent with an origin in the successive warm anomalies
which have been observed in the AW layer in Fram Strait and the Eurasian Basin (Beszczynska‐Möller
et al., 2012; Morison et al., 1998; Quadfasel et al., 1991), suggesting an advective component in the reconstructed
anomalies. In the basin interior, the absence of such anomalies may reflect the diffusion of properties by eddies

Figure 10. Summary of the processes contributing to the thickening of the Atlantic Water layer in the conceptual model.
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through shelf‐basin exchanges, which are known to take place at various locations around the basin (Crews
et al., 2018).

An important result of our analysis is that the identified anomalies and trends are associated with a reduced
stratification in a layer which can extend from the CHL base to a depth beyond the AW core, concomitantly to a
stratification increase in the lower part of the AW layer. The weakening stratification over the 35‐year study
period is clearly detected in the continuous upward and downward displacements of the σ = 27.8 kg m− 3 and
σ = 27.93 kg m− 3 isopycnals defining the upper and lower boundary of the AW core layer, respectively. This
evolution traces the vertical spreading of a progressively thicker, less stratified AW layer, consistent with earlier
results highlighting an upward displacement of the AW upper boundary during the recent decades (Polyakov
et al., 2010, 2017), and extending these results to the downward expansion of the AW core lower boundary. At the
AW core depth, no significant evidence of a temperature change was found. Other recent studies investigating
changes in AW core temperature since the 1990s have led to contradictory results: Polyakov et al. (2012) found a
warming between the 1990s and the 2000s, while Kong et al. (2025) suggest a cooling occurred over the same
period. This contradiction likely stems from the different data processing used in these studies: in particular, Kong
et al. (2025) do not take into account the changes in the geographical distribution of available data over the past
35 years.

Building on the hypothesis that warm and saline anomalies encountered in the Eurasian Basin have an advective
component and that their origin can be found in the properties of the AW inflow entering the basin through Fram
Strait, we used a simple advective‐diffusive model to evaluate the role of advection and diffusion in shaping the
vertical structure of the anomalies and their time evolution. Prescribing initial anomalies similar to those observed
at the basin entrance, we showed that this conceptual model could reproduce the general structure of salinity and
stratification anomalies further in the basin. Performing additional idealized simulations, we showed that the
changes in stratification driven by T‐S anomalies were necessary to account for the observed accumulation of
these anomalies in the thermocline. This coupling tends to accumulate anomalies in layers of strong vertical
temperature and salinity gradients when a vertical stratification anomaly gradient is present (with a weaker
stratification anomaly at greater depths).

The results were found to be insensitive to longer advection times and minor variations of the boundary con-
ditions. The main reason for this insensitivity to advection times seems to be that the timescale associated with the

coupling term − Γ ∂
∂z(

εNʹ 2
N4ref

∂Tref
∂z ) is close to a year and is thus shorter than realistic advection timescales around the

basin (at least 5 years). In the CHL, model results are less robust and probably less reliable. The model has a
simplistic representation of the surface layer. Dampening of surface temperature anomalies allows anomalous
heat loss to the atmosphere, even if it does not capture the seasonality of the CHL stratification. One might wonder
whether anomalous surface heat loss in winter could release the entire advected heat content. But the persistence
of warm anomalies below the CHL in our data suggests that such heat loss would not be sufficient and anomalies
would still persist.

5.1. Outlook

The model was initially designed to understand the response of a water column to short‐lived anomalies entering
the basin, and it is not obvious whether the coupling between reduced AW stratification and AW thickening could
play a role in the AW long‐term trends found in the WOD data. Trends in the Eurasian Basin's T‐S properties are
the result of diverse influences, including changes in surface heat and freshwater fluxes, which may dominate
over changes in vertical diffusion caused by increasingly warm and more weakly stratified AW inflows. Still,
trends in the WOD data (Figure 4), in particular in the Eurasian Basin's interior, show a very similar vertical
structure compared to the anomalies obtained at the end of the simulations at the arrival of a warm and saline
anomaly (Figure 7). This suggests that the weakening of stratification in the thermocline may be of importance to
explain the AW thickening trend there. Although they may be important locally, the other processes may be
sporadic enough to be filtered out over the long term and allow vertical diffusion to emerge as the dominant driver
of changes in the AW layer.

In previous studies, the observed weakening stratification trend in the Eurasian Basin was mostly envisaged as
being triggered, at least partly, by the advection of salinity anomalies forming at the ice edge, in particular in the
Barents Sea (Polyakov et al., 2020). In this article, we proposed a new cause for the weakening of stratification in
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the Eurasian Basin, which originates in the variability of AW properties in Fram Strait, and introduced a diffusion
mechanism linking the structure of anomalies at the basin entrance and along their pathway. This weakening of
stratification is expected to have significant implications for vertical heat fluxes up to the base of the CHL.
However, it remains unclear whether this heat will ultimately be transferred to the sea ice. Using mooring data
from the eastern Eurasian, Makarov, and Canada Basins, Polyakov et al. (2025) recently observed enhanced
wintertime heat fluxes to the surface as far east as the Makarov Basin, but not in the more strongly stratified
Canada Basin. Given the stratification differences among the various subdomains of the Eurasian Basin, further
studies focusing on surface processes are needed to assess the impact of AW thickening on the sea‐ice cover at
basin scale.
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