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Abstract Atlantic Water (AW), the main source of heat and salt for the Arctic Ocean, undergoes large
transformations (cooling and freshening) north of Svalbard as it flows near the surface above the Yermak
Plateau (YP). In September 2017, a SeaExplorer ocean glider deployed in the West Spitsbergen Current (WSC)
and recovered north of Svalbard documented the circulation and properties of the AW crossing the YP. The
glider sampled the different branches of the AW flowing into the Arctic around the YP: the WSC, the Svalbard
Branch (SB), the Yermak Pass Branch, and the Yermak Branch. Unusual southerly winds prevailed in summer
2017 impacting AW circulation in the region. Cold and fresh lenses of shelf-origin waters detached from the
slope in the WSC to reach their density level below the core of the AW. This resulted in cooling and freshening
of the AW inflow from below. The eastward current associated with the SB was found to be weak at its usual
location above the 400 m isobath, likely the result of the adjustment of the flow influenced by anomalous
southerly wind conditions.

Plain Language Summary The warm and salty Atlantic Water (AW) is the main source of heat and
salt for the Arctic Ocean. This water mass enters the Arctic Ocean through the Barents Sea and the Fram Strait.
The circulation pathways and the cooling and freshening that this water undergoes influence the variability

of the Arctic sea ice and the marine ecosystems. In September 2017, an autonomous ocean glider deployed
west of Svalbard and recovered north of Svalbard documented the circulation and properties of the different
branches of the AW in this region at a time of anomalous southerly winds. Numerous cold and fresh lenses of
shelf waters were found on the slope, detaching from the bottom and stabilizing just below the AW layer; they
cool and freshen the AW flowing into the Arctic Ocean from below. The current associated with the AW inflow
along the slope north of Svalbard in September 2017 was weak.

1. Introduction

Warm and salty Atlantic Water (AW) enters the Arctic Ocean via the Fram Strait and the Barents Sea, and colder
and fresher Arctic Water exits the Arctic Ocean over the eastern continental slope of Greenland through the
East Greenland Current and Canadian Archipelago (Tsubouchi et al., 2018). While the AW circulates around
the Arctic, temperatures drop down by 3.74 + 0.76°C and salinities by 0.62 + 0.23 psu (Tsubouchi et al., 2018).

Some of the key locations for water mass transformation of the AW are west and north of Svalbard and in the
Barents Sea where AW is in direct contact with the atmosphere. In the Barents Sea, AW cools significantly
before entering the Arctic Ocean through the St. Anna Trough (Skagseth et al., 2020). In the West Spitsber-
gen Current (WSC), the AW cools by ~0.2°C per 100 km (Kolas & Fer, 2018). The WSC splits into different
branches as the isobaths diverge when reaching the Yermak Plateau (YP). About 50% of the WSC recirculates
directly in the Fram Strait (Hattermann et al., 2016; von Appen et al., 2016), while the other half enters the Arctic
Ocean through three branches: the Yermak Branch (YB), the Svalbard Branch (SB) (Cokelet et al., 2008), and the
Yermak Pass Branch (YPB) (Crews et al., 2018; Gascard et al., 1995; Koenig, Provost, Sennechael, et al., 2017;
Menze et al., 2019).

In the past decade, both the Barents Sea and the area north of Svalbard have witnessed major changes, including
large losses of sea ice, likely playing a role in the observed Atlantification of the Eurasian Basin (Asbjgrnsen
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Figure 1. (a) Path around the Yermak Plateau. YB: Yermak Branch. YPB: Yermak Pass Branch. SB: Svalbard Branch. WSC:
West Spitsbergen Current. The glider trajectory is indicated in green. (b) In detail trajectory of the glider with blue color at
the beginning of the trajectory and red when the glider is picked up. Background is bathymetry from IBCAO-v3 (Jakobsson
et al., 2012). Contours are bathymetry isolines every 200 m. The pink trajectory is the one of the SeaExplorer gliders
deployed in July 2017 (see Koenig et al. (2018) for more details). The yellow arrows are the depth-averaged current intensities
deduced from the dead-reckoning data from the glider and the orange arrows are the depth-averaged current intensities from
the Lowered Acoustic Doppler Current Profiler for the ship stations. The pink/purple lines correspond to the ice edge (15%
ice concentration), respectively, on 1, 7, 12, 22, and 27 September. Numbers in circles indicate the different zones that are
used in the following figures. K:Kongsfjorden.

et al., 2020; Polyakov et al., 2017; Arthun et al., 2012). The reduced stratification characterizing the Atlantifi-
cation preconditions deep winter convection over the Eurasian continental slope and favors large areas of open
ocean without sea ice along the path of the AW above the slope (Athanase et al., 2020; Ivanov et al., 2016;
Koenig, Provost, Villacieros-Robineau et al., 2017). The reduced sea ice cover over the continental slope north of
Svalbard can be seen as a precursor of what will happen in the Eurasian Basin.

Circulation patterns in the area north of Svalbard are affected by local wind forcing. Nilsen et al. (2021) demon-
strate a significant correlation between the wind stress curl over the northeastern Fram Strait and volume trans-
port anomaly across the YP. They also suggest that more frequent winter cyclones will increase the volume
transport variability and pulses of warm water to the shelf areas north of Svalbard, which will impact ecosystems
in the region.

In July and September 2017, we deployed a glider west and north of Svalbard to investigate the AW properties
and pathways in this region (Figure 1). The July—August 2017 mission focused on the WSC (Koenig et al., 2018)
and sampled cold and fresh lenses originating from the shelf and participating in the cooling and freshening of the
core of the WSC. The presence of these lenses from the shelf can be related to the wind regime. Strong southerly
winds cause upwelling of the warm AW onto the shelf in winter. Weak and/or northerly winds allow the modified
AW formed by mixing with cold waters on the shelf to cascade down the slope, leading to lenses of colder and
fresher water protruding into the WSC.

In September 2017, the glider documented the properties of the different AW branches around the YP north of
Svalbard, which is the focus of this study.
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2. Data and Methods
2.1. Mission Overview

The glider was deployed on 15 September 2017, 01:40 UTC west of Svalbard, in the WSC (79.2°N, 8.6°E,
Figure 1) (Koenig, Beguery, et al., 2017). The glider followed the WSC before crossing the YP toward the Sofia
Deep. The glider was recovered on the slope north of Svalbard on 23 September 2017, 16:30 UTC at 80.62°N,
13.83°E. The glider always operated in ice-free waters. At its northernmost location (80.7°N, 11.1°E), the glider
was close to the sea ice edge (Figure 1) and had difficulties to reach the surface due to the presence of light
surface lenses of very fresh water (see the following sections for more details).

The glider had been previously deployed in July—August 2017 (pink trajectory in Figure 1, Koenig et al. (2017)).
During that earlier mission, it crisscrossed the WSC 6 times near the mouth of Kongsfjorden.

2.2. Glider Data Processing

The glider is a SeaExplorer glider from Alseamar (www.alseamar-alcen.com) equipped with a Glider Payload
Conductivity Temperature Depth (GPCTD) from SeaBird, a dissolved oxygen sensor (Sea Bird SBE43F), and an
optical sensor (EcoPuck from Wetlab) measuring Chlorophyll a (470/695 nm), colored dissolved organic matter
(CDOM, 370/460 nm), and the total particle concentration or backscatter (backscattering at 700 nm). The glider
sampled the ocean along a sawtooth trajectory from the surface down to a maximum depth of 700 m or near the
bottom if shallower than 700 m, with an average horizontal distance of 1.7 km between each surfacing location.
As the isopycnal slopes are much smaller than the pitch angle of the glider, each up and down dive can be consid-
ered as representing a vertical profile.

We use hereafter the International Thermodynamic Equations of Seawater (TEOS-10) framework (McDougall
& Barker, 2011) with Conservative Temperature ® (°C) and Absolute Salinity S, (g kg™!). Glider data were
processed using the SOCIB toolbox (https://github.com/socib/glidertoolbox). Thermal lag issues of the GPCTD
probe were corrected by applying the method of Garau et al. (2011). Although thermal lag corrections were
applied, the thermocline and halocline gradients were so large that some differences remained between the up
and down profiles in these layers in the salinity and related parameters (dissolved oxygen and chlorophyll a). The
density was then despiked and interpolated, and salinity was recalculated from the temperature and the corrected
density. For some profiles, the salinity measurements did not pass the quality control, which is why there is no
salinity. Several reasons are possible, one of them being that at some point the glider encountered a very fresh and
cold layer and some frazil ice could have then ended up in the conductivity cell.

Data were averaged on a 1-m vertical grid. Data from the glider were compared to the closest ship Conductiv-
ity Temperature Depth (CTD) data (in time and in space) collected during the accompanying research cruise
(A-TWAIN 2017). A comparison between glider and ship CTD data resulted in an estimated glider accuracy of
A® ~0.005°C and AS, ~0.01 g kg~! (not shown). CDOM and total particle concentration are presented with the
manufacturer sensor calibration and are, respectively, given in parts per billion (ppb) and per meter per steradian
(m~! sr7!). We use the Apparent Oxygen Utilization (AOU), defined as AOU = [0,], — [0-], where [0,], is the
solubility of the dissolved oxygen at the temperature and salinity of the media, and [O,] is the measured oxygen
concentration by the glider.

Depth-averaged currents over each glider dive were computed from the dead-reckoning navigation of the glider
and GPS fixes at the surface. The depth-averaged currents have been detided using the Arc5km2018 barotropic
tidal model (Erofeeva & Egbert, 2020), a barotropic inverse tidal model on a 5-km grid that estimates the tidal
currents using the main 8 constituents (M,, S,, N,, K,, K, O,, P;, and Q,) and 4 nonlinear components (M,, MS,,
MN,, and 2N,). Maximum tidal amplitude was found on the YP as high as 0.23 m s~! (not shown).

2.3. Data From a Research Vessel

Complementary hydrographic data were collected during the A-TWAIN 2017 research cruise onboard R/V Lance
(14 September to 26 September 2017). 13 CTD stations were performed on 24 September 2017 along a section
above the southern YP, the southern part of the section (pale pink dots in Figure 1b) heading northwest and the
northern parts (olive dots in Figure 1b) heading north and joining the glider trajectory. The ship-board CTD was
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Figure 2. Wind rose diagrams of the wind speed (W) and direction north of Svalbard averaged over the box 80-80.7°N and 8-14°E. (a) Over July—August-September
2010-2020. (b) Over July—August—September 2017. (c) Meridional component of the wind at 10 m averaged in the same box over 2010-2020. The red line is a 20 days
running mean. The yellow line is the meridional wind averaged over 2010-2020. The green dashed line indicates the glider mission in September 2017.

a Sea-Bird Electronics SBE911+. Pressure, temperature, and practical salinity data are accurate to +0.5 dbar,
+2 X 1073°C, and +£3 X 1073, respectively.

One 300 kHz RDI Workhorse (Teledyne RD Instrument (RDI) downward oriented) Lowered Acoustic Doppler
Current Profiler (LADCP) was attached to the CTD frame to measure the zonal and meridional components of the
velocity through the water column at each station with a 8-m vertical bin-size resolution. The LADCP data were
processed onboard and postprocessed after the cruise using the LDEO Software developed by Thurnherr (2011).
Estimates of the magnetic declination for each station based on date, latitude, and longitude using the NOAA
magnetic field calculator (https://www.ngdc.noaa.gov/geomag/calculators/magcalc.shtml) were applied.

2.4. Environmental Data

10-m wind data were extracted from an ERAS reanalysis set with a 6-hr resolution (Figure 2) from 2010 to 2020
(average over 79.5-80.5°N and 8-14°E) (Hersbach et al., 2018). The southerly winds observed in summer 2017
deviate from the average for the past decade north of Svalbard where winds are predominantly northeasterlies
(Figures 2a and 2b). Indeed, over the period 2010-2020, southerly winds larger than 8 m s~! are found less than
5% of the time (Figure 2).

To look in more detail into the wind forcing in September 2017, we extracted the 10 m wind from the 3 km
spatial resolution model Nora3 for the region around the CTD stations (79.9-80.25°N and 8.5-11.5°). The Nora3
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model is a Nonhydrostatic High-Resolution Hindcast of the North Sea, the Norwegian Sea, and the Barents Sea
(Haakenstad et al., 2021). This model allows for higher spatial resolution north of Svalbard and more accurate
wind reanalysis than the ERAS reanalysis data set (Haakenstad et al., 2021).

Sea ice concentration estimates are from AMSR-2 (Advanced Microwave Scanning Radiometer), derived from
brightness temperatures, with a 3.125 x 3.125 km spatial resolution. They are recovered from the EUMETSAT
Ocean and Sea Ice Satellite Application Facility (OSI SAF, www.osi-saf.org). The sea ice edge is defined as the
15% sea ice concentration contour.

3. Results
3.1. From the SeaExplorer Glider

As the glider progresses first northward and then eastward, it encounters diverse water masses with distinct prop-
erties in temperature, salinity, chlorophyll a fluorescence, CDOM, and backscatter (Figure 3). The mixed layer
depth is defined as the depth where the density increases by 0.03 kg m~3 from the surface (Toole et al., 2010).

The western slope of Svalbard (zone 1) hosts the WSC (core with AW reaching ® > 6°C and S, > 35.2 g kg™
as supported by the observed northward depth-averaged current (Figure 1) of about 0.4 m s~!. Two lenses of
colder (® ~ 4°C) and fresher (S,~35.2 g kg~!) water are observed (Figure 3, the lenses are indicated by an L,
and Figure 4g): the first one at the shelf break at about 200 m depth close to bottom; the second one at about
450 m depth already detached from the slope and associated with an offshore shoaling of the isopycnals. The
lenses show higher concentrations in CDOM (1.25 ppb compared to 1.1 ppb in the surroundings) and in backs-
catter (3.2 m~! sr~! compared to 1.5 m~! sr~! in the surroundings). These lenses originate from the shelf (Koenig
et al., 2018; Kolas & Fer, 2018). In this zone, the mixed layer depth varies from 10 m on the shelf to about 50 m
in the core of the WSC. Zone 1 hydrographic properties are comparable to those sampled in the WSC in July 2017

(Koenig et al., 2018). The origin of these lenses is discussed in Subsection 4.2.

The three following zones (2 to 4) lie on the YP, where three branches of AW are documented in the literature: the
YB following the 1000 m isobath (Cokelet et al., 2008), the YPB that crosses the YP near 700 m depth (Crews
et al., 2019; Gascard et al., 1995; Koenig, Provost, Sennechael, et al., 2017; Menze et al., 2019), and the SB that
flows along the 400 m isobath.

Zone 2, on the western side of the YP, corresponds to the YB. This branch is slightly colder and fresher than the
WSC, especially at the surface where a shallow (~5 m) cold and fresh mixed layer is observed (Figure 3). The YB
is found on the eastern side of zone 2 with depth-averaged currents ~0.2 m s~! (Figure 1).

Zone 3 crosses the YPB and is a transition zone between the warm AW and cold Polar Water (Figure 3). A cold
and fresh mixed layer is found down to about 40 m depth.

Zone 4 is located on the eastern side of the YP. Temperatures and salinities in the AW are lower than in the previ-
ous zones (@ ~ 4°C and S, ~ 35 g kg~! at 100 m), and depth-integrated currents are southward. This water mass
may correspond to the return flow of the YB (Athanase et al., 2021; Meyer et al., 2017). The YB is colder and
fresher as these waters have circulated around the YP and mixed with surrounding Polar Waters. The Chlorophyll
a fluorescence signal in the fresh and freezing mixed layer is dampened (less than 1 ug L™'). A near-surface
temperature maximum at 20 m depth (® = 1.5°C) is observed (Figure 4 green profiles). The mixed layer is
characterized by relatively large CDOM concentration (1.7 ppb), suggesting that the mixed layer is formed from
waters that have already partially recirculated in the Arctic Ocean, hence Polar waters (Figure 4g). Indeed, the
main source of CDOM in the Arctic is water originating from the Siberian rivers (Athanase et al., 2019). The
large southward flow observed along the eastward slope of the YP (~0.2 m s~! in zone 4 mainly, Figure 1b) could
be a combination of both the YPB and the return flow of the YB (Athanase et al., 2021; Meyer et al., 2017).

Zone 5 is located in the Sofia Deep. Zones 4 and 5 are separated by a temperature and salinity front from the
surface to at least 700 m depth. The mixed layer is shallow and at the freezing temperature. A strong signal in
CDOM (about 1.5 ppb, Figure 3) is observed in the entire water column. At depth, temperature maximum is
2°C and salinity 35.05 g kg™, characterizing the modified AW (Sundfjord et al., 2020). These waters have been
isolated from the surface for a relatively long time (the AOU is the largest reaching 55 pmol kg~!). They have
already recirculated in the Arctic Ocean.
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Figure 5. Left panels: southern part of the CTD section across the continental slope (CTD-S in Figure 1). Right panels:
northern part of the CTD section across the Yermak Plateau (CTD-N in Figure 1) (a and b) Conservative Temperature

(°C) (c and d) Absolute Salinity (g kg™") (e and f) Along-slope velocity (m s~!) deduced from the LADCP data. Data have
been interpolated using a spline interpolation with a vertical smoothing of 20 m and a horizontal smoothing of 1 km. Black
contours are isopycnals. Black triangles indicate the locations of the CTD stations, and the red one shows the station that

is located on the glider track. x axis is the cumulative distance starting from the shallowest station on the slope north of
Svalbard. The label “C” in panels (c and d) indicates the high salinity cores discussed in the manuscript.

Finally, zone 6 is a transition to zone 7 that sampled the slope north of Svalbard where the SB is located.
Depth-averaged currents are large (about 0.4 m s~!), temperature and salinity are similar to the ones in the WSC
(zone 1, Figure 4), and mixed layer depth is approximately 40 m.

3.2. From the CTD Section

The southern part of the CTD/LADCP section orientated Southeast—Northwest is shown in Figures 5a, 5c and 5e
and the northern part with Southwest—Northeast orientation in Figures 5b, 5d and 5f. The northern part crosses
the glider trajectory in zone 4 (black triangles in Figure 3 and red triangle in Figure 5).

At depth above the 200 m isobath, a layer of cold (® ~ 3°C) and fresh (S, = 35.2 g kg~!) water is observed
(Figure 4g, pale pink profile of CTD S). Circulation inshore 400 m isobath is complex. There is no significant
eastward velocities above the 400 m isobath as would be expected with the SB (Figure 5e). An eastward flow

Figure 4. Depth-averaged profiles for the different zones delineated in Figure 3 (a) Conservative temperature (°C), (b) absolute salinity (g kg™!), (c) apparent oxygen
utilization (u mol kg™"), (d) chlorophyll a (ug L), (e) colored dissolved organic matter (ppb), and (f) total particle concentration (m~! sr™!). (g) ©-S, diagram for the
different zones with the water masses as defined by Sundfjord et al. (2020). The thick lines are the mean profiles, while the dots are the individual profiles. CTD S:
southern part of the CTD section. CTD N: northern part of the CTD section. wPW: winter Polar Water. PW: Polar Water. AIW: Arctic Intermediate Water. MAW:
Modified Atlantic Water. AW: Atlantic Water. The red-dotted line is the freezing line.
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Figure 6. (a) Averaged conservative temperature and (b) averaged absolute salinity in the 0-300 m layer along the glider trajectories and at the CTD stations. Contours

are isobaths every 100 m.

is observed above the 300 m isobath with a velocity of about 0.1 ms~! (Figure 5¢). Above the 250 m isobath,
a reverse westward flow is observed with maximum velocities at 250 m depth ~0.2 m s~!'. However, all these
observations have to be taken with caution as the spatial resolution of the CTD section is relatively coarse (from
2 to 10 km) and some of the patterns described above are only shown at one or two stations (Figure 5).

Several salinity cores (high salinity) are observed in the CTD section. The closest to the shore one is observed
at about 180 m depth above the 250 m isobath (S, ~ 35.3 g kg~!). This salinity core lies under a layer of fresh
water (S, < 35 g kg~!) of about 180 m thick at the shallowest station and shoaling to 70 m at km 18 (Figure 5c¢).
A second salinity core is visible at km 17. Finally, the salinity core corresponding to the AW inflow (associated
with large along-slope velocity) is observed on the northern section at about 100 m depth above the 700 m isobath
associated with large eastward velocities of ~0.4 m s~! (Figures 5b and 5d and Figures 4a and 4b). It corresponds
to the YPB.

3.3. Averaged Temperature and Salinity in the Upper 300 m

Figure 6 showed the averaged temperature and salinity in the upper 300 m. We considered only the profiles deeper
than 300 m. For the missing data at the surface, we extrapolated the shallowest measurement if shallower than
10 m. If more data than the upper 10 m were missing, the averaged temperature and salinity in this layer were
not computed.

The averaged temperature and salinity in the upper 300 m illustrate the AW mass transformation and pathways
over the YP. The western side of the YP is warm and salty as it corresponds to the inflow of the AW through the
Fram Strait. Averaged temperature is maximum (>6°C) and averaged salinity is maximum (>35.3 g kg™') along
the AW inflow, along the WSC and the SB. In contrast, the eastern side of the YP is fresher and colder, an indica-
tion of the transformation of the AW above and around the YP. In the YB (zone 4), the averaged salinity is about
34.9 g kg~! and the averaged temperature about 3°C. The lowest temperature average (0°C) and salinity average
(34.5 g kg!) are found in the Sofia Deep where there is no AW.

At the intersection of the CTD section with the glider trajectory on the YP (at 9°E, 80.4°N), glider data exhibit
lower salinity and lower temperature than the CTD section. The glider was first to sample this location on 19
September 2017, while the CTD station was done a few days later on 24 September 2017. During these five
days, both the sea ice edge (Figure 1) and the associated low surface salinity caused by melting sea ice moved
northward. The temperature and salinity averages below 50 m (50-300 m) at the two dates are comparable (glider
trajectory and CTD section, not shown). Thus, the differences in surface temperature and salinity averages at this
intersection are caused by the northward advection of the sea ice and the surface fresh layer of meltwater over a
few days due to wind forcing.
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Figure 7. (a) Time series of left axis: wind stress curl (in N m~3) and right axis: meridional wind velocities (in m s~!) from the model Nora3 averaged over the
purple box in (b). The green-dashed lines indicate 19 (date of Figures 7b) and 24 September 2017 (date of the CTD transect). The yellow-dashed lines indicate the
glider mission. (b) Map of wind stress curl on 19 September 2017. Arrows are the wind stress from Nora3 (in N m~2), plotted every 8 data points. Black contours are
bathymetry contours every 400 m. The green line is the glider trajectory and the green dots indicate the locations of the CTD stations.

4. Discussion
4.1. Anomalous Wind Forcing in Summer 2017

Winds in summer 2017 were anomalously blowing from the south as shown in Figure 2. Wind stress curl esti-
mated from the high-resolution model (Nora3) in the area of the CTD section was strongly positive during 19-20
September (Figure 7a). This positive wind stress curl is associated with southerly wind rotating toward south-
westerlies (Figure 7b). These strong southerly winds can explain some specific patterns documented by both the
glider and the ship-based observations as explained in the following subsections.

4.2. Formation Mechanism of the Cold and Fresh Water Lenses

Lenses of cold and fresh waters were sampled in July 2017 in the WSC (Koenig et al., 2018) and in Septem-
ber 2017 (two lenses in Figure 3 indicated with an L). These lenses were observed at different stages: from
just formed cold, fresh, CDOM-enriched, and oxygen-depleted water lenses at the bottom on the shelf break to
detached lenses in the AW inflow. Once offshore (in the WSC), the lenses we observed stabilized at their density
level at about 300 m depth (Figure 3), which is below the core of the AW (around 150 m depth, Figure 3). Hence,
the lenses described here cool and freshen the AW core from below.

The detachment of the cold and fresh lenses from the shelf in the WSC can be a consequence of the southerly
wind bursts and their subsequent relaxation (Figures 2 and 7a) (Koenig et al., 2018). As suggested by Nilsen
et al. (2016), southerly winds set up a surface onshore Ekman transport of warm and salty water inducing mixing
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on the shelf. Once the southerly wind event relaxes, denser cold and fresh water lenses at depth on the shelf can
detach and be found in the core of the boundary current.

Kolés and Fer (2018) documented similar lenses in the WSC. They suggest that the lenses originate from convec-
tively driven bottom mixing followed by the detachment of the mixed fluid and its transfer into the ocean inte-
rior. Indeed, a mean current flowing along the slope in the direction of Kelvin wave propagation can induce a
downslope Ekman transport that advects lighter waters under denser waters, driving diapycnal mixing (Kolas &
Fer, 2018).

The two processes described above do not exclude each other.

4.3. Impact of Winds on the Svalbard Branch

In September 2017, the SB was not well constrained at the 400-500 m isobath that it usually follows, and a
bottom-intensified westward current was observed inshore at the 250 m isobath.

The bottom intensified westward velocities above the 300 m isobath were associated with an eastward flow at the
300 m isobath at the shelf break (Figure Se, km 7). We could speculate that it was the signature of an eddy with
aradius of about 4 km, which corresponds to the Rossby radius of deformation in the area (Zhao et al., 2014). In
the region, eddies are relatively common (Crews et al., 2018). However, the spatial resolution of the CTD data
prevents us from confirming the presence of an eddy.

We believe that one of the main factors influencing the ocean dynamics in the region is the anomalous wind
pattern in September 2017. The CTD section was performed on 24 September, 4 days after a large southerly wind
event during 18-20 September and during a small positive wind stress curl event on 24 September (Figure 7).
The wind stress curl event intensity on 19-20 reaches 2 x 107, which is of similar order of magnitude as the
wind events discussed in Nilsen et al. (2021). As suggested by Nilsen et al. (2021), the variability in the SB is
controlled by the wind stress curl on the shelf. The geostrophic adjustment is short about 12—15hr according
to Nilsen et al. (2021). Over the 18-20 September period, the wind stress curl above the continental slope was
positive (Figure 7a), leading to a decrease in the strength of the SB, due to a divergence of surface waters and a
decrease in the sea surface tilt toward the coast. Although this wind event occurs 4 days before the CTD section
was performed, its signature on the ocean density structure and current flows may remain several days. The
strongly anomalous southerly wind conditions and associated adjustments of ocean isopycnals can explain why
the SB was weak at its usual 400 m isobath location on 24 September in our observations.

5. Conclusion

We described the AW circulation and properties north of Svalbard in September 2017 combining ocean glider
data and hydrographic observations. Part of the AW pathway over the YP was anomalous and several cold fresh-
water lenses were observed detaching from the Svalbard Shelf. The sampling was performed after a period
of southerly winds, an unusual situation for the region and the season. Over the 2010-2020 period, most of
the southerly wind events occurred in winter and were associated with polar lows (Woods & Caballero, 2016).
Strong southerly winds with a meridional component larger than 8 m s~! represent less than 5% in that 2010-2020
period. However, the year 2017 was peculiar with southerly winds twice more frequent than during the reference
2010-2020 period.

Concurrent to these southerly wind conditions, we observed widespread cold freshwater lenses north and west of
Svalbard that had detached from the shelf. Being cold and fresh, the lenses contribute to the cooling and fresh-
ening of the warmer AW inflow as they detach into it and mix. Further investigation is needed to quantify the
importance of the lenses in the transformation of the AW along the Arctic inflow pathway. The region north and
west of Svalbard is a hotspot for shelf-slope exchanges (Luneva et al., 2020).

In September 2017, the current associated with the SB on the YP was not at its usual location at the 400-500 m
isobath. The large variability of the SB current intensity has been documented in Koenig, Provost, Sennechael,
etal. (2017) and Athanase et al. (2021) using high-resolution operational model outputs, and has shown a particu-
larly weak SB at the shelf break in September 2017. Here, we propose that the strong and anomalous southerly
wind conditions and the strong positive wind stress curl event in September 2017 led to a divergence of the
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surface waters and a geostrophic adjustment, resulting in a weaker flow in the SB. Southerly wind conditions are
increasing in the Arctic as the number of cyclones influencing Svalbard has increased during winter over the past
4 decades (Wickstrom et al., 2020). We can hence expect that the ocean circulation documented in September
2017 could become more frequent in the future.

In the context of climate change, understanding the dynamics and the changes in the inflow of warm saline AWs
into the Arctic Ocean through the Nordic Seas is of great importance with impacts on Arctic water stratification,
eddy fluxes, heat fluxes across the ocean-sea ice-atmosphere interfaces, and vertical mixing among other things.
Monitoring the rapid changes in the AW inflow pathways and impacts further into the Arctic Ocean should
stay at the forefront of the Arctic oceanography. As such, gliders are a useful oceanographic tool to investigate
small-scale processes in polar regions and near sea ice.

Data Availability Statement
The glider data are publicly available in the SEANOE database: https://doi.org/10.17882/81755.
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