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Key Points:

e New mooring data in the Yermak Pass Branch documented larger velocity variations
(40%) in 2017-2020 than in 2007.

¢ Year 2018 stood out with exceptionally ice-free conditions and enhanced eddy activity
at the mooring location.

e Synoptic model-based estimate of Atlantic Water volume transport in the Yermak

Pass Branch from 2007 to 2020 varies from -1 to 5 Sv.



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Abstract

Thirty-four months (2017-2020) of mooring data were recently obtained at 80.6°N |
7.26 °E in the main branch of Atlantic Water inflow to the Arctic, the Yermak Pass Branch.
The Yermak Pass Branch was sampled at that same location during 14 months a decade
ago (2007-2008) when sea ice was abundant (mean sea ice concentration of 74% versus 39%
during the recent deployment). We focus on time-scales larger than 50 hours. The new
mooring data set shows an increase in the velocity variations of 40% compared to the 2007-
2008 period. Year 2018 was exceptional with ice-free conditions over the entire year and
an intensified mesoscale activity compared to other years. Temperature and salinity time
series at 340 m showed significant trends over 3 years (freshening of -0.07 g/kg and cooling
of about -0.9°C in 3 years). The performance of 1/12° Mercator ocean operational model
at the mooring location was precisely assessed. The modelled Atlantic Water transport
was on average larger during 2017-2020 (40% larger) than during 2007-2008. The synoptic
transport time series ranged between -1 and 5 Sv over 2007-2020 and showed large seasonal
and interannual variations. The transport was larger in winter than summer. However,
occasionally negative transport (< —0.7 Sv) through the Yermak Pass Branch occurred
during winters ("Blocking events’). These blocking events are associated with recirculations
and eddy activity and were more common over the last years from 2016 onwards. The
model suggested that a northern branch crossing the Yermak Plateau further north (81.6°N)

intermittently developed.

Plain Language Summary

The Atlantic Water flowing through the Fram Strait via the West Spitsbergen Current
is the main source of heat and salt for the Arctic Ocean. At the entrance to the Arctic
the West Spitsbergen Current splits into several branches as it meets the Yermak Plateau.
Thirty four months of observations were recently obtained in the main branch of Atlantic
Water inflow to the Arctic, the Yermak Pass Branch. This location used to be ice covered
year round. Our results show that the exceptional ice-free conditions in year 2018 were
associated with a highly variable flow. An oceanic model, in good agreement with the
observations, showed that the Atlantic Water transport through the Yermak Pass Branch
was more irregular from 2016 onwards. Changes in the Atlantic Water inflow pathways have

important implications for the heat, salt and nutrients reaching the Arctic.
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1 Introduction

The Atlantic Water (AW) flows through the Fram Strait via the West Spitsbergen
Current (WSC). The AW inflow is the main source of heat and salt for the Arctic Ocean,
and plays an important role in the reduction of sea ice (Onarheim et al., 2014; Polyakov et
al., 2017) and in the supply of nutrients to the Arctic (Aagaard and Carmack, 1989; Henley
et al., 2020). The seasonal variability of the WSC is important, with a stronger flow in
winter than in summer (Beszczynska-Moller et al., 2012). The Yermak Plateau located to
the northwest of Svalbard is a main obstacle to the warm AW inflow into the Arctic and

the WSC splits into several branches as isobaths diverge (Figure 1).

A seasonally varying fraction of the WSC, called recirculation branch (rB in Figure
1), recirculates in northern Fram Strait, primarily as eddies, and returns southward (e.g.,
Teigen et al., 2011; Hattermann et al., 2016; Wekerle et al., 2017). North of Svalbard, the
shallow Svalbard Branch (SB in Figure 1b) crosses the Yermak Plateau inshore of the 500-
m isobath (Cokelet et al., 2008) and lacks seasonality (Koenig, Provost, Sennéchael et al.,
2017; Crews et al., 2019). Another branch, the deeper Yermak Branch (YB in Figure 1b)
flows along the western edge of the Yermak Plateau roughly following the 1000-m isobath
(Manley, 1995) and carries relatively little transport (Koenig, Provost, Sennéchael et al.,

2017; Crews et al., 2019).

Koenig, Provost, Sennéchael et al. (2017) highlighted the importance of an additional
pathway: the Yermak Pass Branch (YPB in Figure 1b) in which a significant portion of
the AW navigates the central plateau following the 700-m isobath, that is northward to
81.2°N before turning southeast and rejoining the onshore Svalbard Branch around 10°E.
The Yermak Pass Branch is winter-intensified and is the main route through which AW from
the WSC enters the Arctic Ocean. The YPB flow is characterized by strong intermittent
flow pulses parallel to isobath of 1-2 month duration in winter (Koenig, Provost, Sennéchael
et al.,, 2017). These intermittent coherent YPB pulses in winter are well reproduced in
numerical models (Koenig, Provost, Sennéchael et al., 2017; Crews et al., 2019; Athanase
et al., 2021). Crews et al. (2019) found that the winter increase in WSC volume transport
is divided between the YPB, dominant earlier in winter when AW is less dense, and Fram

Strait recirculations dominant later when AW is denser.

The circulation in this region has been evolving rapidly since 2007 (Athanase et al.,

2021). In particular, AW recirculations towards Fram Strait (rB) shifted further north
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while the Yermak Branch (YB) strengthened over the northern Yermak Plateau, occasion-
ally crossing the Plateau north of 81.6°N as a branch called Northern Branch (NB, dashed
line in Figure 1) hereafter. The strengthening of the AW circulation over and around Yer-
mak Plateau was widespread and coincided with an overall warming in the upper ocean
layer (0-1000 m) (Athanase et al., 2021). As winter sea-ice retreats, the northward progres-
sion and shoaling of AW led to enhanced deep winter convection (Athanase et al., 2020).
In particular, since 2011, the previously ice-covered central Yermak Plateau occasionally
exhibited ice-free conditions in winter,50-m ocean temperatures always above 0°C, highly
variable mixed layer depths and ocean-to-atmosphere heat fluxes, and became a ”marginal
convection zone” (Athanase et al., 2020). Indeed, during extreme winters, particularly deep
convection reached down to the 27.95 kg/m? isopycnal (600 m depth), considerably cooling
and freshening the AW layer (Athanase et al., 2020).

A mooring was deployed in the Yermak Pass in 2017, ten years after another pioneering
mooring, to document variations in the YPB Atlantic water inflow. We analyze the new 34
month-long times series of temperature, salinity and velocities focusing on time scales larger
than 50 hours to examine the recent YPB flow and address changes since 2007 compared
to the former observations. The skills of the 1/12° Mercator Ocean operational model
in reproducing the new observations are assessed and the 14-year long model time series
are used to put the observations into a larger spatial and temporal context. We finally
summarize and discuss several hypotheses that could explain the observed variations on

both sub-seasonal and interannual scales.

2 Material
2.1 Mooring data

A mooring was deployed at 80.6°N and 7.26°E, in the Yermak Pass on the eastern flank
of the Yermak Plateau, on 15 September 2017 from Norwegian Research Vessel Lance and
retrieved on 19 July 2020 from Norwegian Icebreaker K.V. Svalbard. The mooring was only

2.6 km away from the position of the former 2007 mooring line (Figure 1b and 1c).

The 2017 mooring comprised 3 instruments: at about 340 m an upward-looking RDI 75
kHz Long Ranger Acoustic Doppler Current Profiler (ADCP) measuring velocity profiles (25
bins of 16 m each), at 348 m a Seabird SBE37 measuring temperature salinity and pressure,

and, at 645 m an Aquadopp currentmeter (Figure 1¢). The current data were corrected from



84°N || 0
a) -1000
-2000 _
E
81°N -3000 §
Q
[=]
-4000
78N | -5000
75°N

72°N . |

24°W

6 6.5 7 7.5 8
longitude

Figure 1. (a) Bathymetry around Fram Strait from IBCAO (Jakobsson et al., 2012). (b) Close-
up on the Yermak Plateau. The West Spitsbergen Current (WSC) splits into branches schematized
with black arrows: recirculation branches (rB) to the west and south, and four branches navigating
over the Yermak Plateau: the Svalbard Branch (SB), the Yermak Pass Branch (YPB), the Yermak
Branch (YB) and the Northern Branch (NB) (dashed line) (adapted from Athanase et al., 2021).
(¢) Schematic of the mooring lines and location along the section shown in (a): the dotted line
represents the 2007-2008 mooring carrying an upward-looking ADCP (black triangle) at 585 m, the
full line is the 2017-2020 mooring with an aquadopp (red dot) at 645 m, a Seabird microcat (yellow
dot) and an upward-looking ADCP at about 340 m (black triangle). Bathymetry along the section

in grey.
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date instrument depth U v T S P ot 0z

2017-2020 ADCP 50 m to 300 m X X X 2 hours 16 m
2017-2020 Sea Bird 348 m X x x 10 minutes -
2017-2020  Aquadopp 645 m X X X 2 hours -
2007- 2008 ADCP 250 m, 300 m, 570 m x x X 2 hours -

Table 1. Sampling specificity of the mooring instruments. U: eastward velocity; V: northward

velocity; T: temperature, S: salinity, P: pressure. dt: time sampling. dz: vertical sampling.

pitch, roll and magnetic declination. All the data (velocities, temperature, and density) have
been quality controlled against the ship CTD (Conductivity Temperature Depth) done at
the mooring’s deployment location and time. Measured variables and sampling interval are
summarized in table 1. For the ADCP, the 2 hour sampling resulted from averaging 24 pings
obtained every 5 minutes. For the Aquadopp it was a burst sampling every two hours. The
seafloor is 730 m below sea level at the mooring location and rises to 650 m at the Yermak

Plateau crest 10 km to the west of the mooring (Figure 1c).

The upper 50 m of the water column were not sampled (Figure 2). The vertical extent
of the ADCP data was limited by the paucity of backscattering particles. The data return
for all instruments (below 50 m) was close to 100%. Indeed, the only data gaps corresponded
to 2% missing data between 100 and 50 m. A linear vertical interpolation was applied to
fill the few gaps. Over the 34 months (2017-2020) of measurements, the mooring stayed in
a straight position: the Seabird pressure had a mean of 355 db and a standard deviation
of 5 db (largest drawdown of 35 db on January 15 2020). We applied a 50-h third-order
low-pass Butterworth filter to all time series to remove high frequencies including tide and

inertial signals.

The data return of the 2007-2008 mooring was reduced as a malfunctioning ocean
profiler stuck on the mooring line above the ADCP reflected part of the acoustic bins
(ADCP represented with a black triangle on the dashed line in Figure 1c) (cf. Koenig,
Provost, Sennéchael et al., 2017). As a result, the mooring provided complete 14-month
long velocity time series at three depths (250, 300 and 570 m) from 25 July 2007 to 23

September 2008, and there were no measurements of temperature nor salinity time series
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Figure 2. (a) Zonal component of velocity from ADCP (50-330 m profiles) and Aquadopp at 645
m, (b) meridional velocity component (ADCP and Aquadopp) and (c) horizontal speed (ADCP and
Aquadopp). (d) Absolute Salinity Sa, (e) Conservative Temperature © and (f) Potential Density
o at 348 m. Blue horizontal lines indicate the mean over the 34 months and black vertical lines

delimit the seasons (summer: April to September, winter: October to March).
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Figure 3. Sea-ice concentration (SIC, %) at a daily resolution at the mooring location from
January 2007 to December 2020. Ticks below the ice concentration indicate years, ticks above mark
beginning of seasons (W: winter from October to March, S: summer from April to September). The
mooring periods are indicated with vertical red lines. Mean sea ice concentrations over each period

are reported in red below.

(Koenig, Provost, Sennéchael et al., 2017) (Table 1). The 50-h low-pass filtered velocities

at those three depths are used to address time changes.

In the following, we use the Conservative Temperature () and Absolute Salinity (S4)
calculated using the International Thermodynamic Equations of Seawater (TEOS-10) (Mc-
Dougall et al., 2011).

2.2 Environmental conditions

Wind data are from ERASJ reanalysis at 10 m. The wind stress 7 is estimated as follows:
7 = pCqulu|, where p is the air density, Cy is the drag coefficient and u is the wind vector.
Cy is computed taking into account the sea ice concentration for estimates of Cy as given

by Lupkes et al., (2005).

Sea-ice concentration are from satellite data (EUMETSAT OSI SAF product at daily

temporal resolution, https : //osi — saf.eumetsat.int/products/sea — ice — products).

Sea ice concentration at the mooring location exhibits a seasonal cycle with more ice in
early summer (average of 85% from April to June over the 14 years and 54% over the full 14
years). Year 2012 marks a diminution in winter sea ice cover (a mean ice cover of 70% before
January 2012 and 54% afterwards) (Figure 3). Note that summer 2018 is the only ice-free
summer of the time series. The mean sea-ice concentration at the mooring location is 74%

during the first deployment (2007-2008) and 39% during the most recent one (2017-2020).
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2.3 Mercator-Ocean model (PSY4)

Within the frame of Copernicus Marine Environment Monitoring Service (CMEMS;
http://marine.copernicus.eu/) Mercator Ocean delivers the high resolution 1/12° global
operational PSY4 system since January 2007 (Lellouche et al., 2018). The modeling com-
ponent is based on the NEMO (Nucleus for European Modeling of the Ocean) platform
with a 1/12° ORCA grid type (i.e. horizontal resolution of 4 km in the region) and a water
column comprising 50 levels with typically 1 m resolution at the surface decreasing to 450
m at the bottom. The forcing atmospheric fields are from the European Centre for Medium
Range Weather Forecasts - Integrated Forecast System (ECMWEF-IFS) at 3-h resolution.
When oceans are ice-covered, only sea ice concentration (EUMETSAT OSI SAF product) is
assimilated. This is in stark contrast with the open ocean regions where PSY4 assimilates
along-track satellite sea level anomalies, sea surface temperature and in situ vertical profiles
of temperature and salinity (Lellouche et al., 2018). The system begins in October 2006
from a ”cold” start (initial currents are null and temperature and salinity initial conditions

are from EN4.2.1 climatology; Good et al., 2013).

Thorough comparisons of the modelled variables with non-assimilated in situ and satel-
lite data in the western Nansen Basin region demonstrated the model’s remarkable perfor-
mances (e.g. Koenig, Provost, Villacieros-Robineau et al., 2017; Athanase et al., 2019; 2020;
2021) in spite of inherent limitations. Indeed, the model lacks tides which are important
on the Yermak Plateau (Koenig, Provost, Sennéchael et al., 2017, Padman et al., 1992).
Moreover the model resolution is not fully eddy resolving (grid size of 4 km and Rossby
deformation radius of about 10 km) in the region (Richez, 1998; Nurser and Bacon, 2014).
Modelled variables will be further compared to the mooring data and PSY4 daily outputs
from January 2007 to December 2020 will be used to put the data in a larger spatial and

temporal context.

3 Mooring data analysis
3.1 Velocity statistics
3.1.1 Velocity means

Mean velocities averaged over 34 months (2017-2020) ranged between 1.5 and 3.2 cm/s

in amplitude, the largest value being reached at a depth of 140 m (Figure 4a).
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Figure 4. Mean horizontal ocean velocities (blue arrows) as a function of depth over (a) the 34-

month (2017-2020) long record, (b) summer (April-September), and (c) winter (October-March).
The black arrow shows the corresponding mean wind stress at the ocean surface (N m™2). The
red arrows at the surface indicate the velocities corresponding to the Ekman transports with the
hypothesis of a 20-m deep Ekman layer. Respective vector scales (ocean in blue, air in black) are
indicated in panel (a) and (b). For sake of clarity, the compass is rotated to the right by 90° in (b).
The tildes in the y-axis marks the depth gap between Aquadopp and ADCP and the Aquadopp

and the seafloor. Seafloor is at 730 m.

Mean velocities have the same general direction (eastward), the upper levels (40 to 120
m) being slightly more to the northeast and the lower level more to the southeast (Figure

4a).

The mean velocities vary seasonally, with smaller velocities in summer (maximum of 1.7
cm/s from 80 to 230 m) (Figure 4b). Summer mean velocities exhibit a northward direction
except at the upper levels (48-120 m) (northwestward), and are close to zero at the lower
645 m level (Figure 4b). In winter, mean velocities are larger (reaching 5.7 cm/s at 160 m)

and roughly in the southeastward direction, that is parallel to isobaths (Figure 4c).

Mean winds are northeasterlies (black arrows in Figure 4), larger in winter than in
summer. They induce a mean Ekman transport (red arrows in Figure 4) to the northwest
opposite to the mean ocean flow, likely contributing to the smaller mean ocean velocities in

the upper layer.

Seasonal mean velocities show large interannual variations in amplitude and direction
as illustrated by the velocity means and variance ellipses during the summer (April to
September) and winter (October to March) seasons produced for each year of available data

(Figure 5).

—10—
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Only three levels were fully sampled in the 2007-2008 data set: 250, 300 and 570 m
(Table 1). As the 570 m is not sampled in the recent data set, it was compared to the closest
available level that is 645 m (Figure 1c). The data ensemble covers three complete summers
and four complete winters. Upper level velocities (shown at 100 m in Figures 5a and 5b)

are only available in the recent data set.

Summer Winter
2008 2018 2019 2007-08 2017-18 2018-19  2019-20
Mean ice concentration (%) 76 10 61 72 0.7 49 49
V / a (in cm/s) at 100 m - 4.3/8.0 1.6/5.1 - 7.4/8.9 4.8/13.2 4.3/12.3
V / a (in cm/s) at 250 m 4.7/4.3 38/74 1.7/4.6 | 3.4/79 7.1/81 4.5/10.6 4.6/11.7
1% / a (in cm/s) at 570-645 m | 2.7/2.1 0.4/4.7 1.2/46 | 1.1/52 2.5/6.9 3.3/7.1 1.8/8.4
Table 2. Seasonal statistics: mean ice concentration at the mooring location, mean velocity V'

and half-length a of the major axis of velocity variance ellipses at selected depths.

Summer velocities means tend to be directed toward the north when above 1 cm/s
in amplitude, and are overall smaller than winter means, except for summer 2008 (red in
Figure 5) which exhibits the largest summer mean (Table 2). Winter velocity means during
the second deployment have a southeastward direction parallel to isobaths as the AW flow
pulses identified in Koenig, Provost, Senéchael et al., (2017) (means in excess of 4 cm/s at
100 and 250 m Table 2 and Figures 5b and 5d) while winter means in 2008 are smaller and

perpendicular to isobaths (red in Figure 5d; Table 2).

3.1.2 Horizontal velocity variations

Velocity variance ellipses reveal the magnitude, principal direction and anisotropic na-
ture of the flow variability. In general velocity variance ellipses are significantly smaller in
summer than in winter (Figure 5, Table 2) and the major axes are parallel to isobaths in all
seasons (Figure 5). Striking exceptions are ellipses from the ice-free summer 2018 which are
large and round (yellow in Figure 5a and 5¢) and from winter 2017-18 which have a main
axis in zonal direction (yellow in Figure 5b and 5d). Year 2008 (red in Figure 5) features

the smallest velocity variance ellipses in all seasons (Table 2).

—11—



manuscript submitted to JGR-Oceans

— 2008 e 2007-8 |
SUMMER 2018 WINTER ggi;-ig
2019 —  2019-20

0
-1000
-2000 ’E‘
=
3000 B
(]
4000 ©
-5000

Figure 5. Means and variance ellipses of 50-h filtered horizontal velocities for summer (April to
September, left panels) and winter (October to March, right panels) at (a), (b) 100 m; (c), (d) 250
m; and (e), (f) the deepest levels (570 and 645 m). Colors correspond to years: red is first mooring
deployment (2007-08), yellow is year 2017-18, blue is 2018-19, and brown is 2019-20. Thick dashed
lines are the mean sea-ice edge (defined as the 20% sea-ice concentration) over the corresponding

seasons and years (same color code).
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Velocities from the exceptional ice-free summer 2018 result in a larger variance ellipse
at all depths (yellow in Figures 5a, 5c¢, 5e) compared to ice covered summer 2008 and 2019
(red and blue respectively). Winters 2018-19 and 2019-20, with a mean ice cover of 49%
at the mooring location, exhibit elongated velocity variance ellipses with the largest major

axes in excess of 20 cm/s (brown and blue in Figures 5b, 5d, 5f; Table 2).

The mooring was located close to the marginal ice zone, with the ice-pack to the north.
The wind direction in summer 2018 was predominantly from the East (direction from 45-
90° with respect to north) (Figure 6b), thus favorable to pushing the ice away to the north
and providing ice-free conditions at the mooring location. Indeed the mean sea-ice edge in
summer 2018 (yellow dashed line in Figures 5a, 5¢, and 5e) is located to the North of 81°N
at the mooring longitude. In contrast, northwesterlies like in summer 2008 and 2019 (Figure
6a and 6¢) bring ice to the area and the sea-ice edge is south of 80°N (red and blue dashed
lines in Figures 5a, 5¢, and 5e). This is consistent with the ice conditions reported in Figure

3.

Generally the strong winter winds are favorable to pushing the ice away (Figures 6d
to 6g) and the region just to the north of Svalbard known as Whalers Bay is ice free. The
particularly ice-free winter 2017-18 at the mooring location (cf. Figure 3) corresponds to a
mean sea-ice edge north of 81°N at the mooring longitude (yellow dashed line Figures 5b,
5¢, and 5f). Winter 2017-18 features even more easterlies and southerlies (Figure 6e) both

favorable to pushing the ice away.

In contrast, the mean sea-ice edge in winters 2007-08 and 2018-19 (red and blue dashed
lines in Figures 5b, 5d, and 5f) remained south of the mooring although north of their
summer location (Figures 5a, 5c, and 5e). Winter 2019-20 stands out as the winter with
the southernmost mean ice edge location (brown dashed line in Figures 5b, 5d, and 5f)

associated with a prevalence of northerlies and northwesterlies (Figure 6g).

The size of the winter ellipses do not bear any obvious relation with the sea-ice edge as
the winter 2019-20 features the largest winter ellipses and the southernmost ice edge (Figures
5b, 5d, 5¢). These results are consistent with Lundesgaard et al. (2021) who showed that
anomalous sea-ice years (over 2012-2019) in the Atlantic water inflow region west and north
of Svalbard are associated with anomalies in atmospheric circulation and ice advection.

They argued that although ocean heat maintains ice-free conditions in the Atlantic inflow

—13—
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2007-08, (e) winter 2017-18, (f) winter 2018-19, (g) winter 2019-20. The outside circle is 10%

occurrence and inner circles mark every 2%.

region during winter, interannual sea ice variability was not driven by changes in ocean heat

during 2012-2019.

The 50-h filtered velocity time series feature variations at smaller than seasonal time

scales (Figure 2) that are examined next.

3.2 Eddy Activity in the Yermak Pass

Rotary spectra of the 50-h filtered velocities (ADCP and aquadopp) showed rather
similar energy levels for cyclonic and anticyclonic motions, although cyclonic motions were
in general slightly more energetic than anticyclonic motions at all periods in the 330-50 m

depth range (Table 3 and Supplementary S1).

In contrast, near the seafloor two period bands (3-7 days and 25-50 days) showed more

energy in anticyclonic motions (Table 3).

Seasonal rotary spectra are presented at two levels available for both the former (2007-
2008, 300 and 570 m) and recent (2017-2020, 300 m and 645 m) moorings (full and dashed

lines in Figure 7).
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Period 3 to 5 days b5 to 10 days 10 to 25 days 25 to 50 days 50 to 100 days >100 days

300 m 1.2 1.6 1.1 1.7 1.2 1.1

645 m 0.7 1.1 1.4 0.9 1.2 1.1

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

Table 3. Ratio of cyclonic (CCW) to anticyclonic (CW) energy as a function of periods at 300

and 645 m for the second deployment (2017-2020)

The ice-free summer 2018 stands out with more energy (both CW and CCW) at all
periods than other summers at 300 m depth (full yellow curve in Figures 7a and 7b) resulting
in the largest ellipse (shown in yellow in Figure 5¢). Rather heavily ice-covered summer 2007-
08 shows low levels of energy (5 times smaller) at periods larger than 8 days (both CCW
and CW) at depth (dashed red lines in Figures 7a and 7b, small red ellipse in Figure 5e).
There is more energy in anticyclonic motions between 20 and 40 days at 300 m in recent
summers compared to summer 2008, while no difference is observed for cyclonic motions

(Figures 7a and 7b).

At periods less than 8 days, the winter rotary spectra at 300 m and at the deepest levels
show similar energy levels for all years in CW (clockwise) and CCW (counterclockwise)
(Figures 7c and 7d). There is more energy at 300 m than at the deepest level (both CW

and CCW) at periods larger than 8 days.

Differences between years in winter are subtle although variance ellipses are rather
dissimilar (Figures 5b, 5d, 5f). Winter ellipses in 2018-19 and 2019-20 are elongated along
isobaths and reflect large pulses to the south-east (Figure 5d) while winter ellipses for 2017-
18 are more round and reflect more isotropic variations. The ice-free winter 2017-18, with
round-shaped ellipses, exhibits more cyclonic energy in the 10 to 20-day and 2 to 5-day
period bands (yellow in Figure 7d). On the other hand, compared to winter 2017-18 the
winters 2018-19 and 2019-20 show more energy (both CW and CCW) at periods larger than

30 days, probably associated with AW pulses along topography.

At the deepest level, there is more energy at periods larger than 8 days during the
recent years (dashed lines in Figure 7). This is consistent with the smaller ellipses of year
2007-2008 (red ellipses in Figures 5e and 5f). This may be related with a thicker AW layer

in recent years as described in Athanase et al. (2021).
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Figure 7. Rotary spectra of horizontal velocities at 300 m (full line) and at the deepest level
(645 m for 2017-2020 and 570 m for 2007-2008 in dashed line) averaging over groups of 4 adjacent
frequencies (50-h filtered velocities with 2 h resolution). Color indicate years, as in Figure 5. (a),
(b) Summer spectra; (c), (d) Winter spectra. X-axis is the period in days and y-axis is the energy

in cm?/s%.
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Figure 8. Empirical orthogonal function (EOF) decomposition of the 50-h filtered horizontal
velocities with a 2 h resolution: first mode, parallel to isobaths, (explaining 70% of the variance) in
red, second mode, perpendicular to isobaths, (27%) in blue: (a) vertical structure and (b) associated
time series. (c), (d) Variance-preserving spectra of the EOF's time series (averaging over groups of
10 adjacent frequencies). The dotted lines show the 95% confidence level. Y-axis units are cm?/s%.

Percentages in black in (b) indicate mean seasonal ice-concentration.

3.3 Modes of horizontal velocity variations

An empirical orthogonal function (EOF) analysis was performed on the 50-h filtered
horizontal velocity data from the ADCP. The first two modes accounted for 97 % of the

velocity variance (Figure 8).

The first and second modes (respectively 70% and 27% of the total variance, in red and
blue in Figure 8) are close to a barotropic structure with the same direction in the vertical
(slightly subsurface intensified) (Figure 8a). Mode 1 is parallel to isobaths while mode 2 is

perpendicular to isobaths.

The EOF time series featured distinct spectral contents with significant broad band
energy until 140 days for the first mode (hereafter EOF1) and 60 days for the second mode
(EOF2) (Figures 8c, 8d). EOF1 showed salient peaks at 16, 30 and 90 days and EOF2 at
3.5, 6 and 11 days (Figures 8c, 8d).
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The first mode EOF1 can be interpreted as pulses of AW through the Yermak Pass in
the direction parallel to isobaths. Those pulses have large energy peaks at periods between
15-day and a month (Figure 8c). The higher frequency peaks of the second mode EOF2
(peaks at 6 and 11 days, blue in Figure 8d) could be the signature of mesoscale activity.
Indeed, drifting floats at 300 m depth documented vortices with rotating time scales of 5
to 15 days, curvature radius of about 4 km and tangential speed of 10 cm/s in the Yermak
Pass area (Gascard et al., 1995 and Richez, 1998). EOF1 also bears the signal of mesoscale

activity at time scales smaller than 20 days (Figure 8c).

The time series associated with the EOFs are not stationary: they show little fluctu-
ations from February to October 2019 and from February to July 2020 (Figure 8b) which
correspond to large sea ice concentration at the mooring site (Figure 3). In contrast, the
EOFs time series, especially EOF2, exhibit important variations during the ice-free summer
2018 (Figure 8b) in accordance with the corresponding large variance ellipses and large eddy

kinetic energy (yellow in Figure 5a, 5¢ and 7c, 7d).

The extreme event on the 7 October 2019 (EOF1 reaching -50 cm/s and EOF2 +25 cm/s
Figure 8b) corresponds to a northwestward flow (Figure 2). Koenig, Provost, Villacieros-
Robineau et al. (2017) showed that northwestward velocities in the YPB were frequent in
summer, however to our knowledge it is the first time that such a large (about 30 cm/s)

and prolonged (about 3 weeks) northwestward YPB flow is recorded in winter.

3.4 Temperature and salinity variations

At 348 m depth, conservative temperature ranges between 4 and 1°C, absolute salinity
between 35.07 and 35.25 g/kg (Figures 2d and 2e). These values fall within the Atlantic
Water property range with © > 1°C and S4 > 35.05 g/kg (e.g. Perez-Hernandez et al.
(2019). The two time series feature significant (above the 99% confidence level threshold)
negative trends of about 0.9°C and 0.08 g/kg in 3 years (Figures 2d and 2e). Mercator model
PSY4 also features this freshening trend and cooling trends over 2017-2020 (Athanase et
al., 2021).

Salinity, temperature and density time series show larger and more variable values in
winter than in summer (Figures 2d, 2e and 2f, Table 4). Water is denser in summer (colder

and fresher) than in winter (warmer and saltier) (Figure 2f, Table 4).
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(a) ©/S4 diagram at 348 m (50-h low-pass filtered data and daily resampled): full

dots are winter data (October-March) and circles summer data (April-September). Colors indicate

years: 2017-2018 in orange, 2018-2019 in blue and 2019-2020 in brown. (b) Time series of along

and across slope velocities (rotation of +40°), density (o), absolute salinity (S4) and conservative

temperature (0) for early July 2018 corresponding to the light orange circles with densities larger

than 27.95 kg/m®. (c) Same as (b) for mid-January 2018. The corresponding dark orange dots in

the ©/Sa diagram are highlighted with a black edge.
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331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

SIC (%) | ©(STD) ©min/max  Sa(STD)  Sa min/max a(STD) omin/mazx
summer 2018 10 | 247(0.32)  1.29/3.31  35.15(0.02) 35.11/35.20  27.92(0.01) 27.88/27.98
summer 2019 61 | 2.36(0.23) 1.74/2.83  35.13(0.01) 35.08/35.15  27.91(0.01) 27.89/27.93
winter 2017-18 | 0.7 | 3.05(0.39)  1.84/3.98  35.18(0.03)  35.10/35.24  27.89(0.01) 27.84/27.93
winter 2018-19 | 49 | 2.83(0.53)  1.51/4.08  35.15(0.02) 35.07/35.20 27.88(0.03) 27.79/27.95
winter 2019-20 | 49 | 2.55(0.29)  1.96/3.27  35.13(0.01)  35.08/35.16  27.89(0.01) 27.85/27.92

Table 4. Statistics of conservative temperature (°C), absolute salinity (g/kg) and density (kg/m?)
at 348 m as a function of seasons: means, standard deviation (STD) and extrema (minima and

maxima). The first column recalls sea ice concentration (SIC).

The ©/54 diagram illustrates further the cooling and freshening trend over the three
years (orange dots are from 2017-2018, blue dots from 2018-2019 and brown dots from 2019-
2020) (Figure 9a). The diagram also reflects that on average at 348 m, water is denser in

summer than in winter (Figure 9a).

The densest points in the diagram (o >27.95 kg/m?) likely correspond to a cold core
structure (eddy or meander) (T<1.5°C) crossing the mooring in summer 2018 between July 3
and 10 (Figure 9b). During this event, velocity components changed sign while temperature
was minimum (Figure 9b). Salinity in the structure core was smaller (35.12 g/kg) than in
surrounding waters (>35.15 g/kg) and velocities exceeded 20 cm/s at the structure core

boundary (Figure 9b). This event is revisited in section 5.

During the second half of January 2018 (Figure 9c), the temperature dropped from
3.2°C to 1.6°C and salinity from 35.15 to 35.1 g/kg while density increased from 27.88 to
27.94 kg/m?(Figure 9c). This corresponds to a deep convective event further described in

section 5.

The EOF1 of velocity variations and temperature (or density) time series (detrended
or not) are correlated (r=40.2 for temperature, 0.25 for density, both significant at the 90%
confidence level): intense southeastward pulses tend to carry rather warm and light waters.

This is congruent with Crews et al. (2019). The correlations although significant are modest

—20—



349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

as deep winter convective events cool the Atlantic Water (e.g. Athanase et al., 2020; section

5).

4 Yermak Pass Branch in Mercator-Ocean operational model
4.1 Further model assessment: comparison with the 2017-2020 data

Comparisons between co-localized PSY4 variables and 10-day smoothed mooring obser-
vations are shown in Supplementary S2. We recall the main results. PSY4 temperature and
salinity reproduce well the mean and variations of the 10-day smoothed in situ time series at
348 m. PSY4 is on average 0.3°C warmer (2.9°C versus 2.6°C) and 0.03 g/kg saltier (35.18
versus 35.15 g/kg). Model standard deviations (STD) are on the same order (0.4°C and 0.03
g/kg) as observations and variations are correlated at the 99% significance level (r=0.68)
(Supplementary S2). The model reproduces the observed decreasing trends in salinity and
temperature. This comparison is performed with a longer time series than in Athanase et

al. (2021) and leads to the same conclusions.

Comparisons between model velocities and observations (Supplementary S2) suggest
that differences in mean velocities can probably be attributed to the lack of tide representa-
tion in the model. Tides are large over the Yermak Plateau and induce a residual current of
about 4 ¢cm/s to the north (Koenig, Provost, Sennéchael et al., 2017). The residual current

is present in the in-situ mean velocity and absent the model mean.

Model velocity variance ellipses are smaller than those resulting from the 20-day filtered
observed velocities: in summer the great axes are about 50% smaller and in winter only
10% smaller (Supplementary). Indeed, the 1/12° grid resolution of the model does not fully

resolve the eddy scale in the region (Rossby radius of about 10 km; Crews et al., 2018).

An EOF decomposition of the model velocity over the ADCP range was performed
(model velocities were interpolated to the ADCP vertical resolution). The first two modes
of the EOF are similar in structure to those from the ADCP and explain 85 and 13% of the
variance respectively (Figure 10). The first mode (EOF1, parallel to the isobaths) represents
the pulses while the second mode (EOF2, perpendicular to the isobaths) is associated with
the weak model eddy field.

Correlation between EOF1 of model horizontal velocities and (50-h filtered) ADCP

velocity is 0.43 (above the 99.9% confidence level) showing that the model does represent
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Figure 10. (a) Vertical structure of EOF1 and EOF2 of model daily velocities over the ADCP
range. (b) EOF1 and EOF2 time series. (c) and (d) Variance-preserving spectra of the EOFs time
series (averaging over groups of 10 adjacent frequencies). The dotted lines show the 95% confidence

level. Y-axis units in cm?/s?.

the major current pulses with some skill. Although levels of energy are smaller and energized
periods slightly longer, the spectral contents of the time series have a distribution rather
similar to those of the data EOFs with energy at 23, 30 and 128 days (EOF1) and 17 days
(EOF2) (Figure 10).

The model EOF1 does represent some of the negative events present in the ADCP
EOF1 such as the one in late December 2017 or late January 2019 (Figure 10b). The model
velocity field at 266 m on 22 December 2017 features an anticyclonic eddy tangential to
the mooring location and suggests that some of these negative events correspond to an
intensified mesoscale eddy field (Figure 11). The Yermak Branch, flowing northward along
the western edge of the Plateau, was particularly intensified at that time and feeding a
Northern Branch (NB in Figure 1b) crossing the Yermak Plateau north of 81.8°N (Athanase

et al, 2021) (Figure 11).

These stringent comparisons illustrate the model capabilities in representing water mass

properties and velocity (in spite of a smaller velocity variance).
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Figure 11. (a) PSY4 horizontal velocities at 266 m on the 22 December 2017 in the Western
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4.2 Evolution of the Yermak Pass Branch over the last 14 years in PSY4

Model velocity means over the two mooring periods at 266 m (Figures 12a and 12b) il-
lustrate an intensified circulation (more northward reaching) during the second period (2017-
2020) consistent with the schematics of circulation changes from Athanase et al. (2021). A
close-up around the Yermak Plateau during the recent mooring period features a recircula-
tion branch shifted to the north by 1 degree latitude, a stronger Yermak Branch (along the
western side of Yermak Plateau) reaching further north, an intensified Yermak Pass Branch
and a new branch (Northern Branch) crossing the Yermak Plateau at 81.8°N around a

seamount located north of the YPB (Figure 12b).

Atlantic water transport associated with the modelled Yermak Pass branch (YPB) was
computed across the section shown in Figure 12 in two ways: net transport as in Koenig,
Provost, Sennéchael et al. (2017) and ”positive velocity only” transport only taking into
account positive cross-section velocities as in Perez-Hernandez et al. (2019). The mean
net transport (1 Sv) is only 0.1 Sv smaller than the ”positive velocity only” transport and
the two time series are highly correlated (r=0.98, Figure 13a with the net transport in
red, and "positive velocity only” transport in blue). In addition the two transport time

series are highly correlated with EOF1 time series (Figure 10b, r=0.97) suggesting that
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the mooring location is well spotted at least in the model. The spectral content of the
volume transport features a strong seasonal cycle (maximum transport in winter) and large
interannual variations as shown in the wavelet transform amplitude (Figure 13b). Year
2016 marks a change in the spectral content: before 2016 energy is concentrated around the
annual period whereas after 2016 significant energy is found over a large range of periods

from bi-annual to 50 days (Figure 13b).

The mean AW volume transport through Yermak Pass (positive velocities only) is 0.7
Sv during the first mooring deployment and 1.04 Sv during the second one (close to the
14-year mean value of 1.13 Sv) (Figure 13). Transport STD increased from 0.6 Sv during

first deployment to 0.9 Sv during second deployment.

However, the AW transport means do not reflect a linear trend as they are both below
the 14 year average, and interannual and seasonal variations are large (Figure 13 and Sup-
plementary S3). In particular, the maximum annual mean transport (1.7 Sv) is reached in
2013/2014 and minima (about 0.7 Sv) in recent years are observed in 2015/16 and 2017/18
(Supplementary S3). Changes in AW transport through the YPB are modulated by changes
in the West Spitsbergen Current (WSC) transport itself and the distribution of WSC trans-
port among the different branches (Figure 1): Svalbard Branch, Yermak Pass Branch, Yer-
mak Branch, Northern Branch and recirculation branches (Athanase et al., 2021). The
modeled YPB constitutes the main path for AW over the Yermak Plateau with an AW vol-
ume transport largely correlated with the West Spitsbergen Current AW transport (r=0.75)
(Athanase et al., 2021). Model suggests that the maximum in 2013/14 can be attributed to
a smaller recirculation back to Fram Strait (thus more flow through the YPB) and minima
in 2015/16 and 2017/18 to a larger recirculation (thus less flow through the YPB) (Athanase
et al., 2021; their Figure 5). PSY4 was consistent with recent moorings on the prime merid-
ian which also indicated that AW recirculations showed a maximum at 80°N in winter 2017

(Hofmann et al., 2021).

5 Discussion

The Mercator Ocean model proved its reliable performance and provided consistence
with measurements insights on the large variations of the Yermak Pass Branch. We used

the model to put observations in a larger spatio-temporal context.
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Figure 13. (a) 14-year time series of AW (© > 1°C , S4 >35.05 g/kg) volume transport (Sv)
across the Yermak Pass branch section shown in Figure 1b: net transport in red and ” positive cross-
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respective mean transport indicated with dashed horizontal lines. The black dotted horizontal line
marks the -0.7 Sv value. (b) Wavelet of net transport time series shown in base 2 logarithm; The
black contours is the 95% confidence level; y axis is the period in days and x axis is the time in

years.
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Figure 14. (a) Model © (°C) and (b) S (g/kg) at 318 m on the first July 2018. Arrows indicate
velocities at that depth. The magenta contour marks the synoptic ice edge and the white contour
the 1000-m isobath. Magenta dot indicates the mooring location. Dark green contours are 700-m
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5.1 Water mass properties at 348 m

There was no temperature nor salinity times series recorded in 2007-2008. The 2017-
2020 mooring data documented the seasonality and recent evolution of AW properties at
348 m depth in the YPB. Density changes were temperature-driven, and the AW water in
the YPB was denser in summer (colder and fresher) than in winter (warmer and saltier),
confirming model-based results from Crews et al. (2019). The densest waters at 348 m were
recorded early July 2018 and corresponded to a cold and rather fresh cyclonic structure
during ice-free summer 2018 (Figures 9a and 9b). Interestingly, PSY4 fields from that
date suggest that the cyclonic structure was a sharp meander bringing colder and fresher
waters from the Sofia Deep towards the mooring site (Figure 14). In the model, the sharp
meander, located to the south of a large anticyclone near the ice edge, followed the slope of

a canyon-like structure (see isobath 1000 m in Figure 14).

Mooring time-series of temperature, salinity and density at 348 m exhibited larger
variations in winter than in summer (Figures 2d, 2e, 2f, and Table 3). This is congruent

with a larger mesoscale activity in winter and occurrence of deep winter convection.
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The dense event observed in January 2018 (Figure 9¢) was also documented in PSY4
(Figures S2, 15) and occurred at a time of deep convection. Indeed, times series of PSY4
fields at the mooring location outline the exceptional conditions early 2018 with a net heat
flux of -400 W/m? during 3 months and mixed layers exceeding 400 m in depth (Figure 15).
Those convective conditions resulted in homogeneous waters (same water properties at 40
and 380 m) and cooler, fresher and denser AW (Figure 15). According to PSY4, the deep
mixed layer lasted until April when northerly winds pushed the ice back over the mooring
(not shown). These were the deepest (and most long-lasting) mixed layers in the 14-year
time series at the mooring location (Figure 15). Athanase et al. (2020) showed how winters
in early 2013 and early 2018 were outstanding with the deepest mixed layers and exceptional
sea-ice retreat on the slope and Yermak Plateau, respectively. Winter ventilation of the AW
layer through winter convection is a rather localized phenomenon in time and space as it
requires near-surface AW inflow, and appropriate forcing (wind pushing the ice away and
large negative heat fluxes; e.g., Ivanov et al., 2018, Koenig, Provost, Villacieros-Robineau

et al., 2017).

A notable freshening of the YPB Atlantic Water was recorded over the 2017-2020
period ( -0.080 g/kg in 3 years) and was also reproduced by PSY4 (-0.087 g/kg in 3 years;
Supplementary S2). The 14-year long salinity time series from PSY4 suggests that the trend
started late 2016 in the YPB (Figure 15). The freshening trend likely resulted from the
poleward advection of fresh anomalies from the North Atlantic (Mork et al., 2010; Holliday
et al., 2020). The data at 348 m also displayed a significant negative temperature trend
(-0.90°C in 3 years) which PSY4 also reproduced (-0.63°C in 3 years; Supplementary S2).
PSY4 shows that over 14 years the temperature trend in YPB is not significant (Athanase
et al., 2021; Figure 15). PSY4 time series after the mooring recovery (April 2020) shows an
increase in temperature and salinity which suggest that the 3-year trends could be temporary

(Figure 15). However, caution is required with such a short time series.

5.2 Velocities and volume transports

A major result was the intensification of the increased variability of summer velocities in
2017-2020 compared to 2007-2008 (Figure 5). Overall the main axes of the velocity variance

ellipses increased by about 40% (Table 2).
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Figure 15. Time series of modelled (a) ice cover (SIC, %). (b) Net total heat flux (HF, W/m?)
and mixed layer depth (MLD, m). (c) conservative temperature © (°C), (d) absolute salinity Sa
(g/kg) and (e) potential density (o, kg/m®) from the model at 40 m (light blue) and 380 m (dark
blue), and from observations at 340 m (red). The MLD was defined as the shallowest depth at
which potential density exceeded the surface value by 0.01 kg/m?®. The vertical red lines indicate
the moorings period. The orange and yellow triangles on the top indicate the dates of the deep

convection event in January 2018 and the densest waters recorded in July 2018.
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The ice-free year 2018 stood out with a more energetic ocean state (Figure 3a, Table 2).
Winter 2017-18 exhibited the largest mean velocities ever recorded in the YPB (Figure 5).
Summer 2018 was characterized by an enhanced eddy-activity (Figures 5a, 5¢, 7c, 7d). That
summer, the ice edge was always located north of the mooring location (Figure 5). Several
studies proposed that eddies may be generated and enhanced at the vicinity of the ice edge
(e.g. Johannessen et al., 1987; Gascard et al., 1988) through interactions between AW and
cold, fresh surface water below the ice, or via wind-induced Ekman pumping along the ice
edge. Such processes could have been instrumental for the energetic eddy field recorded in

summer 2018.

The PSY4 model suggested changes in Atlantic Water routes over the Yermak Plateau
from 2013 onwards (section 4.2., Athanase et al., 2021). Recirculation branches shifted to
the north, while the Yermak Pass Branch and the Yermak Branch (circulating respectively
over and around the western edge of the Plateau) intensified. Intermittently, a northern

branch of AW (NB) crossed the Yermak Plateau north of 81.8°N (Figure 1b).

PSY4 featured a larger AW YPB transport during the recent 2017-2020 period than in
2007-2008 (+ 40%), yet both values were below the 14-year mean. Interannual variations
were important (Figure 13) likely due to the variable partitioning of the AW inflow between
recirculations towards Fram Strait and branches over the Plateau (Figure 1b). For instance,
the striking AW transport minimum in the YPB in 2017-18 (Figure 13 and S3) corresponded

to larger recirculations recorded in Fram Strait at 80.2°N, 0°E (Hofmann et al., 2021).

Periods with negative net transports intermittently occurred each year except in 2014
and 2015 (red in Figure 13a). We investigated the circulation during the salient negative
transports (net transport <-0.7 Sv). Those occurred in winter. We selected events with
transport < —0.7 Sv (corresponding to 49 days in winter) and built a composite of velocity
fields (Figure 16). The composite showed a mesoscale structure leading to northward ve-
locities (> 6 cm/s) in the proximity of the mooring. Synoptic ocean conditions resembled
those depicted in Figure 11, with a very active mesoscale field associated with an intensified
Yermak Branch (YB) feeding the Northern Branch (NB) (Figure 1b) north of 81.8°N on the
Yermak Plateau. Coincidentally, an anticyclonic eddy impinged the Yermak Pass blocking
the flow impeding the Yermak Pass Branch. Those periods of ”blocking of the YPB”, with
net transport < -0.7 Sv, occurred more often after year 2016 likely in relation with the

increase of the eddy activity (Figure 13 a).
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indicates the mooring location and black line is the section used to compute the AW transport.

Dark green contours are 1000-m, 700-m and 500-m isobaths.
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6 Summary and conclusion

Ten years after a pioneering mooring deployment at the same location in 2007, the 2017-
2020 mooring data documented the evolution of the Yermak Pass Branch under “new Arctic”
conditions (e.g. Carmack et al., 2015). Indeed, while sea-ice was abundant in the area
during the first 2007 deployment (mean ice concentration of 74% at the mooring location),
the sea ice concentration was reduced over Yermak Pass during the second deployment
(39%) (Figure 3). Time-scales larger than 50 hours were considered: high frequencies in the
mooring observations will be examined in a subsequent study focusing on the large tidal

and inertial activity over the Yermak Plateau (e.g. Fer et al., 2015).

The new mooring data in the Yermak Pass Branch documented larger velocity variations
(40%) in 2017-2020 than in 2007. Within the recent period (2017-2020), year 2018 stood out
with the exceptionally ice-free conditions and an enhanced eddy activity, possibly favored

by the vicinity of the sea-ice edge.

Stringent comparisons of the Mercator Ocean operational system (PSY4) with the 2017-
2020 mooring data confirmed the skills of the model in reproducing variations of water mass
properties and velocities (for timescale larger than 20 days within the YPB). While PSY4
was less energetic than observations, the EOF's of modelled velocities were similar to those

of the mooring data.

Daily outputs from PSY4 were used to put the observations in a broader spatio-temporal
context within a 14-year period (January 2007 to December 2020). The model AW transport
time series through Yermak Pass had synoptic values comprised between -1 and 5 Sv and
showed large interannual and seasonal variations. The transport was larger in winter than in
summer. PSY4 provided insights on anomalous winter northward velocity events recorded
by the moored ADCP leading to transport lower than -0.7 Sv. We called those episodes
”blocking events”. They were likely associated with eddy recirculations over the southern
part of the Yermak Plateau, at a time of well-developed Yermak Branch and northern Branch
at 81.8°N. These "blocking” episodes were more common after 2016 as the eddy activity

intensified.

PSY4 provided further insights on the water properties recorded by the in situ instru-
ment. PSY4 suggested that the recorded negative temperature and salinity trend observed

in the YPB were temporary. The dense waters observed in January 2018 were coincident
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with a long convective episode in PSY4 with deep mixed layers in excess of 400 m and heat
fluxes from the atmosphere to the ocean on the order of -600 W/m?. PSY4 also suggested
that the densest waters recorded on 7 July 2018 were associated with a mesoscale structure

coming from the Sofia Deep.

Temperature and salinity measurements were only available at one level in the water
column (348 m). Although additional instrumentation on the mooring line would have
helped understanding the dynamics of the Yermak Pass Branch, the model proved to be a
most useful tool to complement the in situ data. Such a synergy provided valuable insights

on the recent changes in the YPB, major route for the warm AW to the Arctic.
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