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Abstract. The Barents Sea, an important component of the Arctic Ocean, is experiencing shifts-changes in ocean currents, strat-
ification, sea-ice variability, and marine ecosystems. Inflowing Atlantic Water (AW) is knewn-to-be-a key driver of ehangethese
changes. Although AW predominantly enters the Barents Sea via the Barents Sea Opening, other pathways exist-butremain
relatively unexplored. Summer climatology fields of temperature in the last century compared to 2000-2019 indicate warming
in the trepeh-trough Storfjordrenna and the shallow banks Hopenbanken and Storfjordbanken in the Svalbard Archipelago, and
shoaling of AW, extending further into the "channel" between the islands Edgegya and Hopenislands. This region emerges
as a pathway of AW into the northwestern Barents Sea. One year-long records from a mooring deployed between September
2018 and November 2019 at a-the saddle in this channel, show the flow of Atlantic-origin waters into the Arctic domain of the
northwestern Barents Sea. The average current is directed eastward, into the Barents Sea, but is-dominated-by-shows a large
variability throughout the year. Here, we investigate this variability on time scales from hours to months. Wind forcing mediates
the currents and the water and heat exchange through the channel throtgh-via geostrophic adjustment to Ekman transport. The
main drivers for the AW-warm inflow and the cross-saddle transport of positive temperature anomalies are persistent strong
semidiurnal tidal currents, intermittent wind-forced events, and wintertime warm water intrusions forced by upstream condi-
tions. We propose that similar topographic constraints where the Polar Front acts like a barrier may become more important
for-AW-inflow-and-heat-exchange-in the future. The ongoing warming and pessible-shoaling of AW tegether-with-and changes
in the large-scale weather patterns would likely increase the warm inflow and heat transport through the processes identified in

this study.

1 Introduction

The shallow Barents Sea (Fig. 1) plays a crucial role in the Arctic climate system, beirg-serving as one of the two main gateways
for Atlantic Water (AW) to enter the Arctic Ocean

. Recent "Atlantification" in the Arctic Ocean (Arthun et al., 2012; Polyakov et al., 2017), characterised by ocean warming,
weakening stratification, and declining winter sea ice (Shu et al., 2021), is partly fed by AW circulating through the Bar-
ents Sea (e.g., Asbjgrnsen et al., 2020). The largest volume of AW enters the Barents Sea through the Barents Sea Opening
(BSO, Fig. 1). In addition, AW can enter the northwestern Barents Sea through the Northern Barents Sea Opening (Lind

., Schauer et al., 2002; Smedsrud et
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Figure 1. Bathymetry in the western Barents Sea and Fram Strait (BEAO-3IBCAOQ version 3, Jakobsson et al. (2012)) and general circulation
(arrows, Vihtakari et al. (2019), adapted from Eriksen et al. (2018)). The West Spitsbergen Current (WSC), the East Spitsbergen Current
(ESC) and the Barents Sea Opening (BSO) are marked. The black rectangle depicts the area shown in the detailed map in Fig. 2.

and Ingvaldsen, 2012; Lundesgaard et al., 2022), from the branch that enters the Arctic Ocean through Fram Strait and
flows north of Svalbard (e.g., Lind and Ingvaldsen, 2012). As AW flows through the Barents Sea, it is modified and trans-
formed due to intense cooling through heat loss to the atmosphere (Hiikkinen-and-Cavalieri; 1989: Arthun-and-Schrum; 2010}
Hikkinen and Cavalieri, 1989; Arthun and Schrum, 2010; Lind et al., 2018; Ivanov et al.,
{e-g-Schaveret-al5-2002)(e.g., Schauer et al., 2002; Ivanoy et al., 2020), and mixing with the cooler and fresher Arctic Water
(oeng+99+)(Loeng, 1991 Lind et al., 2018) and denser brine-enriched waters (Schaver et al., 2002). The Barents Sea has

been termed a "cooling machine" (Smedsrud et al., 2013) whereby AW is transformed te-into Barents Sea Water. It is an impor-

tant area for dense water production (Knipewitseh; 1905;- Midttun;1985;-Sehauver-et-als-2002)-(Knipowitsch, 1905; Midttun, 1985; Schaue
Rudels et al., 1994; Schauer et al.

and a source of intermediate waters to the Arctic Ocean

Large-scale environmental changes have been observed in the Barents Sea over the past decades (Oziel et al., 2016; Skagseth
et al., 2020; Isaksen et al., 2022; Smedsrud et al., 2022). The loss of winter sea ice in the Arctic in recent times has been
most pronounced in the Barents Sea (Onarheim and Arthun, 2017; Rieke et al., 2023), and-theBarents—Sea-which is the
first sea-of the-Aretie-Ocean-Arctic sea projected to be ice-free year-round (Arthun et al., 2021). Increased heat transport
through the BSO is an important driver of the sea ice loss, warming, and Atlantification in the Barents Sea (Arthun et al.,
2012; Asbjgrnsen et al., 2020). Increasing air temperatures also drive sea ice loss. In the northern Barents Sea, the surface air
temperatures have inereased-risen twice as fast as the Arctic as a whole (Isaksen et al., 2022). Decreased import of sea ice into
the northern Barents Sea is another factor in the increased sea ice loss (Lind et al., 2018; Ingvaldsen et al., 2021), resulting in

a-deerease-in-the-reduced freshwater input and therefere-a weakening of the stratification (Lind et al., 2018). The weakening

2020), brine release from sea-ice growth
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stratification facilitates enhanced vertical mixing and increased heat fluxes which may further inhibit sea ice formation (Lind
et al., 2018). Further hydrographic changes in the Barents Sea include increased salinity and a diminishing presence of Arctic
Water (Lind et al., 2018), changes in the Polar Front (Barton-et-al;-2018)(Barton et al., 2018; Kolas et al., 2023), which marks

the boundary between waters of Atlantic and Arctic origins, and a poleward shift of the region where the cooling machine is

efficient s Skagseth et al., 2020; Shu et al., 2021).
Understanding-the-The Atlantification of the Barents Sea is-impertant-for-assessing-the-has consequences for the ecosystem
(Gerland et al., 2023), such as increased production, bereal-speeies-expanding-northward;—anorthward expansion of boreal

species, reduction of the ice-associated ecosystem compartment, and increased connectivity in the food web (Ingvaldsen et al.,
2021). The Barents Sea net primary production has increased substantially in the last two decades (Dalpadado et al., 2020;
Lewis et al., 2020). Boreal zooplankton has expanded northwards due-to-a-larger-areabeing-thermallyfaveurable-(Geoffroy
et al., 2018), while some Arctic zooplankton species have retreated (Eriksen et al., 2017). The northward expansion of Atlantic
zooplankton species is anticipated to increasein-the-fature, with possible impacts on the Arctic zooplankton communities (Wold
et al., 2023). Changes in biomass and distribution are also observed higher up in the food web (Gerland et al., 2023, and the
references therein).

Although BSO is the main gateway of AW into the Barents Sea, other inflow zones such as the Northern Barents Sea
Opening can be efimpeortance-Alsor-as-important. As the West Spitsbergen Current (WSC) transports AW northward towards
Fram Strait, some AW is directed into the trough Storfjordrenna in the Svalbard Archipelago (Fig. 2), north of the BSO and
the shallow bank Spitsbergenbanken. In Storfjordrenna, AW flows cyclonically, guided by topography, with shallow areas to
its right (Vivier etak;-2023)(Schauer, 1995; Vivier et al,, 2023).

Storfjordrenna has had a positive sea surface temperature (SST) trend from 1982 to 2020 and the largest SST increase in the
Barents Sea during the period from 1995 to 2007 (Bayoumy et al., 2022b), due to the increased inflow of AW following shal-
lower isobaths than earlier. Following a year of record-low sea ice cover, the surface layers in Storfjorden and Storfjordrenna
were replaced by warmer and more saline Arctic Water during summer 2016 (Vivier et al., 2023). Summer of 2016 had the

warmest and longest-lasting marine heatwave in the Barents Sea so far (Bayoumy et al., 2022a).

Northeast of Storfjordrenna, on the Arctic side of the Polar Front, lies the Olga Basin (Fig. 2). Here, the Arctic Water layer
is the coldest and thickest compared to the rest of the northern Barents Sea (Lind and Ingvaldsen, 2012). Arctic Water enters
through the gaps and troughs in the northern Barents Sea (Dickson et al., 1970; Loeng, 1991) and circulates with the East
Spitsbergen Current (Quadfasel et al., 1988; Loeng, 1991). In addition to Arctic Water, AW is-transperted-into-enters the Olga
Basin at depth through the gateways in the north (Lind and Ingvaldsen, 2012; Lundesgaard et al., 2022) and to a smaller degree
over the ~ 200 m deep saddle separating the Olga Basin from the trench Hopendjupet to the south (Kolas et al., 2023; Lind
and Ingvaldsen, 2012) (Fig. 2).

The channel between Edgegya and Hopen islands (Fig. 2) separates the increasingly warm and shoaling AW in Storfjor-

drenna from the Olga Basin, the Arctic domain in the northwestern Barents Sea. Theregion-is-characterized-by-strong-tidal
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—Here, we investigate

the physical processes that drive and mediate the inflow of Atlantic-origin water masses into the Aretic-domain-inthe-Olgabasin
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Figure 2. Bathymetry in the mooring area (IBEAO-4IBCAO version 4, Jakobsson et al. (2020). The mooring M4 (black arrow) is located
on the saddle on Hopenbanken between the treneh-trough Storfjordrenna and the interior of the northwestern Barents Sea. The saddle is
bounded to the north and south by the islands Edgegya and Hopen, respectively. Hydrographic stations from 14 November 2019, 16 October

2020, and 13 November 2021 and the climatological section in Fig. 4 are marked (see legend). The dashed red rectangle shows the span of

sea-tee-growth-and-meltOlga Basin. Such warm water inflow can potentially reduce growth, accelerate sea ice melt and change
the deep basin stratification in the Olga Basin. The (increasing) presence of warm Atlantic-origin waters in Storfjordrenna

may also have implications for the properties of the East Spitsbergen Current crossing the channel westward, Storfjorden, and
the coastal environment west of Spitsbergen. We propose that the study site may be afuture-pathway-for-AW-an increasingly

relevant pathway for warm waters into the Arctic domain of the Barents Sea;and-. Using novel data from a less-explored
region, we identify and discuss the variability of the currents and heat exchange on time scales from hours to months.

2 Data and Methods
2.1 Data

In this study, we use a combination of historical hydrographic data, recent hydrographic transects during late autumn, and a
year-long hydrographic and current time series from a mooringwere-tsed. The mooring was deployed on-the-at 70 meter deep
saddle-on-Hopenbanken-between-depth on the shallow bank Hopenbanken, between the trough Storfjordrenna and the interior
of the Barents Sea (Fig. 2).

The historical data include hydrographic profiles extracted from UNIS Hydrographic Dataset (UNIS HD; Skogseth et al.
(2019)) covering the vicinity of the mooring area over the period 1930-2019.
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The recent hydrographic transects were collected on 14 November 2019 onboard Kronprins Haakon (Sundfjord and Renner,
2021), on 16 October 2020 onboard G. O. Sars (Fer et al., 2021), and on 13 November 2021 onboard Kronprins Haakon
(Renner and Sundfjord, 2022).

Temperature, salinity, and ocean currents were measured using instruments on the mooring from 29 September 2018 to 14
November 2019, located at 77° 16.116’ N, 24° 24.402’ E (Fig. 2). The mooring was a trawl-proof bottom frame and consisted
of one Cenductivity,Temperature; Depth-instrument-conductivity-temperature-depth recorder (CTD, an unpumped Seabird
Microcat SBE37-SM) and one Acoustic Doppler current profiler (ADCP, a Nortek Signature 250) placed inside the frame with
transducers pointing upward. The Microcat recorded temperature, salinity, and pressure near the bottom at about 68 m, for the
whole period at a sampling interval of 15 min. The ADCP profiled current speed and direction through the whele-water column
with 25 cells of 3 m thickness at an averaging interval of 20 min. All data from the mooring were interpolated onto a common
hourly time vector before analysis.

TFhe-veloeity-direction-was-correeted-We corrected the velocity direction for magnetic declination of 15°. The ADCP com-
pass was further checked by comparing the tidal ellipses obtained from the observed current velocity with those from the
Arctic Ocean 5 km Inverse Model 2018 (Arc5km2018) (Erofeeva and Egbert, 2020). For the My constituent, the ellipse incli-
nations from the Arc5km2018 and the depth-average measured current were approximately the same. For the other significant
semidiurnal constituents Sy, No, Ko, the ellipse properties from the measured eurrent-currents were in fairly good agreement

with Arc5km2018, i.e., ellipse inclinations agreed within 14° and semimajor axes within 1 cms™ . Since M is the dominant
constituent in the study area, no further compass corrections were found necessary. The-We then referenced the current ve-

locity profiles were-thenreferenced-to-depth-below-to the surface to account for sea level variations that were detected by the
altimeters-altimeter of the ADCP.

Wind-We extracted wind speed and direction in the region are-taken-from the ERAS reanalyses (hourly data on single levels,
with a spatial resolution of 0.25°, Hersbach et al. (2020)), while-and sea surface temperature (SST) and sea ice concentration
(SIC) are-takenfrom the Global Ocean OSTIA Sea Surface Temperature and Sea Ice Reprocessed product (daily data with a
spatial resolution of 0.05°, OSTIA (2023); Good et al. (2020)).

All data used in the study are openly available as detailed in the data availability section.
2.2 Data analysis methods

The historical hydrographic data (Skogseth et al., 2019) have been optimally interpolated onto horizontal and vertical climato-
logical sections to compare the two recent decades (2000-2019) to the previous century (1930-2000). Due to temporally and

spatially sparse data coverage, only summer (July—October mean) sections were created. A description of gridding and inter-

polation is given in the-Appendix-A-Data-Appendix A, together with data coverage and standard deviations for the herizontal

climatological maps and vertical sections.
The-temperature-Temperature and practical salinity from the recent hydrographic transects, from the mooring, and the

optimally interpolated climatological sections were converted to Conservative Temperature and Absolute Salinity following
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TEOS10 (Mcdougall and Krzysik, 2015). In the following, we use the subscript b (for bottom) to refer to temperature 73 and

salinity .S, near the seafloor.

st-Atlantic-origin water as the AW that is modified or transformed en route
from the WSC through Storfjordrenna into relatively warm and saline water compared to the surrounding water masses, but
colder and less saline than pure AW. This inflow of warm water into the Barents Sea affects the deep basin stratification, and
the sea ice growth and melt.

We identify the time scales of variability using spectral analysis. Cartesian and rotary spectral components were estimated
following the multitaper method from Percival and Walden (1993) with Slepian data tapers (e.g., Slepian, 1978; Thomson,

1982). To analyse the time-variability of the spectral components, wavelet transforms following Lilly and Olhede (2009)
with generalised Morse wavelets (Olhede and Walden, 2002) were used. The values for the parameters that define the Morse
wavelets were chosen to be v = 3 for symmetric wavelets and 3 = 5 for-a-reasenable-time-and-frequeney-resolationto resolve

the variability on time scales between semidiurnal and a few weeks in both frequency and time.
The 6 . .

spectral analysis revealed three frequency
Mwwwmwuh semidiurnal tides —wea%her-baﬂd—pfeee%%eq—&nd«}ewef-freqﬂeﬂey
{(periods of ten hours
to 14 hoursfer-the-semidivrnal-tidal-band;-), "weather-band" processes (28 hours to 10 daysfer—weaﬂ%er—baﬁdﬁfeeesses—&nd
),.and lower-frequency activity (seven days to six weeksferlower-frequeney-activity—We-used-a-Butterworth-filter), To study
these fluctuations, we filtered the time series with a Butterworth band-pass filter with an order as high as sharp-as-possible while

still-ensuring stability for each frequency band, order 5 for semidiurnal tides and weather-band, and order 3 for lower-frequency

activity.

To describe and visualise the background conditions in hydrography and currents, we used a low-pass Butterworth filter of
order 6 and a cutoff frequency corresponding to 10 days.

We analyse the current velocity data from the mooring to study the mean flow properties and variability of the flow in time
scales associated with tidal variability, weather-band processes, and lower-frequency events. For this we used two different
coordinate system rotations. The coordinate system was rotated with —42° to align with the long-term mean flow along the
isobaths. The rotated velocity components are denoted as up and vy for the along- (roughly southeast) and across-isobath
(roughly northeast) directions. In the analysis of variability at selected time scales, we apply another rotation of the velocity.
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components denoted as u, and v,.. These are the components along and across the direction of the highest variance in the
frequency bands associated with weather and lower-frequency activity. This coordinate system is rotated with —28 © so that u,.

is directed roughly toward east-southeast and v,. toward north-northeast.
Eddy temperature fluxes were calculated as ..’ 7' and v, T?, where T" denotes fluctuations of the near-bottom temperature

and wu,” and v, are the velocity component fluctuations along (—28° off east) and across (+62° off east) the direction of
highest variance in the weather-band—Fluectnations-{requency bands associated with weather and lower-frequency activity. The
fluctuations (denoted by primes) were obtained by band-pass filtering the time series. Veloetty-data—are-depth-averaged-The
velocity data are layer-averaged over the bottom half of the water column. While the water column is at times stratified in
temperature, available CTD profiles suggest that the lower half of the water column is typically well mixed thus temperature
measured close to the bottom may be regarded to be representative for the lower half of the water column. The overline denotes

a 30-day moving average.

Wind stress was calculated as (7, Ty) = pair Cb [W10m| (¥10m, V1iom), Where pair = 1.25kg m 3 is the density of air, g, =
(410m,V10m) is the wind vector with the eastward and northward components of wind velocity at 10 m from ERAS, |ujgm]| is
its magnitude, and C'p is the drag coefficient. We used C'p dependent on the sea ice concentration following Liipkes and Birn-
baum (2005). Ekman transport is calculated from the wind stress using (Ug, Vg) = ﬁ (7w, —Ty), Where pg = 1027kgm—2 is
the reference density of sea water and f is the Coriolis parameter.

Time series of SST, SIC, wind velocity, and wind stress at the mooring location, were obtained by spatially interpolating

onto the mooring location from the original grids, i.e. from 0.05° for SST and SIC and frem-0.25° for wind velocity.

3 Results
3.1 Long-term changes in the hydrographic environment in Storfjordrenna and on Hopenbanken

The hydrographic environment in the treneh-trough Storfjordrenna and the shallow banks Hopenbanken and Storfjordbanken
(Fig. 2) has undergone warming over the past two decades. Summer climatology maps of the depth-averaged temperature
in 1930-2000 (Fig. 3a) and in 2000-2019 (Fig. 3b) indicate warming over most of the area. Observed increase in average
temperature exceeds 1 °C over large parts of Hopenbanken and Storfjordbanken (Fig. 3c). The warming is observed both at the
surface and at depth (not shown). The 34.7 g kg~ ! isohaline has extended further northeast in 2000-2019 relative to 1930-2000
(Fig. 3a-b).

The vertical climatological section from Storfjordrenna, across the saddle on Hopenbanken, and into the Olga Basin (Fig. 4)
shows that waters of Atlantic origin have shoaled in the water column and now reach further east towards the saddle. The
warming has occurred through the water column and the saddle area has warmed by 1°C to 2 °C. Additionally, salinity has

increased by 0.05gkg ™! to 0.35 gkg™! over intermediate depths in Storfjordrenna (not shown). We also note that the recent

two decades show a deepening of the 34.4 gkg ™! isobath and a co-located decrease in temperature toward the Olga Basin
(Fig. 4bc).
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Figure 3. Climatological maps of depth-averaged Conservative Temperature © (°C) for a) 19302000, b) 2000-2019, and c) their difference
(1930-2000 subtracted from 2000-2019). In (a-b) the 0 °C isotherm (ightgrayblue) and the 34.7 g kg ™! isohaline (black-dashedcontrasted

ale blue) are shown for reference. In a), the vertical section in Fig. 4 is shown as green dots and the mooring position as a black diamond.

The 70 m and 200 m isobaths are shown-in-indicated with white contours.
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Figure 4. Climatological vertical hydrographic sections from Storfjordrenna, across the saddle, and into the Olga Basin for a) 1930-2000,
b) 2000-2019, and ¢) difference (1930-2000 subtracted from 2000-2019). a-b) Conservative Temperature © (°C) in colours and a-weak

gray-contourfor-every-whele-degreethe 0 °C isothermal highlighted in blue. The 34.4 g kg~!, 34.6gkg™", 34.8gkg ™", 35.0gkg ™", and
35.1gkg ™" isohalines are shown as white-dashed—contrasted pale blue curves. c¢) Difference of Conservative Temperature 6© (°C) in
colours. Horizontal axis shows the distance to the mooring position, with positive values towards the Olga Basin. The location of the section

is indicated with green dots in Fig. 3a.

3.2 Late-autumn hydrographic transects indicate large variability

Recent hydrographic transects covering the saddle region collected in November 2019¢meeringrecovery-eraise), October 2020,
and November 2021 (Fig. 5) show that the mooring is in an area with thermal and haline gradients, with local temperature and
salinity maxima near the mooring position in late autumn.

In November 2019, the transect across-along the saddle was cold and relatively fresh but had remnants of heat (Fig. 5a). The
warmest water of —1.2 °C was found at the mooring position in the lower half of the water column. In the northern side of
the transect, the temperature was near the freezing point with relatively high salinity (Fig. 5a). At this time, AW was present

in Storfjordrenna and close to the mooring (not shown) the-70 km southwest of the mooring, water at 2.9 °C to 3.7°C and
ion34.84 gkg ! t0 35.02 g kg ! was found at depth, which is within




205

210

14 November 2019 |

A 4 n Y

<

| 16 October 2020 |

13 November 2021 |

-10 0 10 20 30
distance (km) from M4

Figure 5. Hydrographic transects along the saddle between Storfjordrenna and the Barents Sea in a) 14 November 2019, b) 16 October 2020,
and ¢) 13 November 2021 with Conservative Temperature in colour (contours every 0.2 °C and Absolute Salinity in white<(a;-¢)-and-black
{b)-contrasted pale blue contours (every 0.2 g kg™'). The northern part of the saddle (close to Edgegya) is to the left, and the southern part

(towards Hopen) is to the right. The horizontal axis shows the distance to the mooring position M4, with positive values towards the south.

the temperature range for pure AW and slightly lower than the salinity threshold of 35.06 g kg~! (Sundfjord et al., 2020). Also
relatively warm water with-to-of around 0.5 °C was situated at depth 10 km to the west of the mooring position.
In October 2020, warm and saline water of Atlantic origin occupied the lower half of the water column (Fig. 5b). The

warmest water at 3.3 °C and a salinity of 34.6 gkg !

was located 10 km south of the mooring position. Water warmer than
2 °C reached the surface at the mooring position and between 15 km and 37 km south of the mooring position. The coolest and
least saline water was found on the northern side of the transect. A-At a station 60 km to the northeastshowed-, we observed
water at 1 °C and salinity 35.0 gkg ! below 150 m depth (not shown).

In November 2021, the temperature maximum of 1 °C at and south of the mooring position (Fig. 5c) was warmer than that
in November 2019 (Fig. 5a). The isohalines were also aligned with the isotherms with salinities exceeding 34.2 g kg ~! for the

water at > 0 °C at depth on the southern side. The northern side of the transect was below —1.75°C as it was in November
2019.

10



215

220

lb 1}1 1}2 0}1 0}2 0}3 OLL 0}5 0% 0}7 Oé 0}9 110 1}1
time (months, 2018-2019)
Figure 6. Time series over the mooring deployment period (29 September 2018 to 14 November 2019) of a) wind speed (colours) and wind
velocity (quivers every 24 hours, an upward pointing vector is wind blowing northward, reference quivers are 5 cms™ 1), b) sea ice concen-
tration (SIC) (black, left axis) and wind stress 719, (N m‘{)ﬂ(red, right axis), ¢) Conservative Temperature © (°C) near the bottom (black),
sea surface temperature (SST, °C) (blue), and Absolute Salinity Srmgg/:ilnear the bottom (red, right axis), d) along-isobath (—42°,
directed southeastward) velocity component, u g, and €) across-isobath (4+48°, northeastward) velocity component, vr. Wind velocity, wind
stress, mooring temperature and salinity, and current velocity are low-pass filtered with a cutoff-frequency corresponding to 10 days. © (°C)
and %@@L&l{&j}@ﬁ shown as both raw-unfiltered (pale, thin curves) and low-pass filtered (dark, thick curves). SST and SIC are daily

values. Wind velocity, SST, and SIC were interpolated spatially onto the mooring position.

3.3 Seasonal variability in hydrography and current velocity from mooring records

Early in the record, both the near-bottom temperature, 7}, and salinity, Sy, increased to values close to the pure AW properties

by the middle of October (Fig. 6¢). Temperature near the bottom was higher than the SST, and the increase in 73 and Sj,
coincided with a relatively strong and long-lasting surface-intensified current directed southeast along-isobath (u g, Fig. 6d).

Following the maxima in near-bottom temperature and salinity, the water column gradually cooled until mid-January 2019,

11
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when both T, and SST nearly reached the freezing point (Fig. 6¢). During these months, ug oscillated between —5cm ™1

and 10cm s~ at a two-week time scale with a negligible depth variability over the measured range (Fig. 6d). Temperature and
salinity co-varied with u g, with T3, and S, lagging ur by 3.3 days and 4.8 days, respectively. Sea ice was first observed over
the saddle in late December (Fig. 6b).

From mid-January to mid-June 2019, there was a partial sea ice cover over the saddle (Fig. 6b), T}, and SST were generally
at or close to the freezing point (Fig. 6¢). S}, increased, probably as a result of brine release from sea ice formation, reaching its
highest value 35.12 g kg~ by the end of March, gradually decreasing thereafter (Fig. 6¢). The current was more unidirectional

than during autumn, i.e. ur was generally positive (Fig. 6d) and varied in-strength;-typically between 5cms ™! and 10 cms ™!,

episodically exceeding 20 cms~!.

Although the saddle was ice-covered and the water was generally near the freezing point during winter and spring, there
were several episodes when 7}, and SST increased, coinciding with a reduction of the SIC and an enhancement of ur (Fig. 6b—
d). The first and largest increase in 73, and SST occurred in early February 2019 after a sharp reduction of SIC at the end of
January when the sea ice cover that had built up over two weeks during northerly winds disappeared in two days. The wind
direction changed to southerly and v changed to positive values shortly before the sea ice disappeared from the saddle (Fig. 6a
and d). The surface-intensified v increased in strength during and after the sea ice disappeared and reached a maximum of
26 cms ™! close to the surface (Fig. 6d). T, and SST increased to 0.9 °C and 0.4 °C, respectively, shortly after and remained
above the freezing point for more than a month (Fig. 6¢). During this time, the wind direction turned and stayed northerly and
the partial sea ice cover was reestablished over the saddle (Fig. 6a-b). T3 and SST, however, remained above the freezing point
and reached smaller maxima, and up, further increased in strengthte-, reaching 34 cms™! nearthe-surfaceat the beginning of
March, the highest value measured during the whole sampling period (Fig. 6¢—d).

The SIC started to decrease in June and the area was ice-free from mid-July (Fig. 6b). Most of the reduction of the sea
ice cover occurred during two pulses of increased up in the second half of June which preceded two pulses of increased T;
and SST (Fig. 6d, c). After the sea ice cover had disappeared, ur became weaker, less unidirectional, and occasionally more
depth-variable (Fig. 6d). From July through August, the water column steadily warmed. From September until the end of the
measurement period in mid-November 2019, SST decreased toward the freezing point while 7 was generally higher than
SST. Sy generally co-varied with T3 during this autumn and overall decreased (Fig. 6¢). By late October 2019, some sea ice
had already drifted over the saddle and SST reached the freezing point(Fig—6b;—<¢);-, while T}, remained above the freezing
point until the mooring was recovered in mid-November (Fig. 6b, ¢). Compared to the previous autumn, in autumn 2019, the

near-bottom waters were both colder and less saline, and sea ice was established earlier.
3.4 Mesoscale and tidal variability

Wavelet analysis of current components u, and v, (along —28° and 462 °, respectively) ;—shows-that-reveals year-round

dominance of semidiurnal tidal currents dominate-the-vartability-througheutthe-yearwith a clear spring—neap cycle (Fig. 7a—c).
The m%afy%peetf&kesﬁma&e%semldlurnal tidal current was anticyclonic (Fig. 7f—g)-indicate-that-the semidiurnal-tidal-current
in—f) with variance oriented along +25°, i.e., near east-northeast
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Figure 7. a) Time series over the mooring deployment period (29 September 2018 to 14 November 2019) of depth-averaged velocity
component along —28 °, u, (green, left axis) and along +62 °, v, (pink, right axis), as measured (pale, thin curves), 28 hour low-pass
filtered (darker, thicker curves), and 10 day-low-pass filtered (darkest, thickest curves). b—c) Wavelet transform of w, (b) and v, (c) in
logarithmic scale. d) Time series of near-bottom temperature 73 with the same filtering as in (a). e) Wavelet transform of 7T} in linear scale.

f—gf) Rotary spectra (anticyclonic: thick curves; cyclonic: thin curves) of the depth-averaged current velocity for winter (October to March,

blue and green curves) and summer (April to September red s-and the

eyelonie-speetra-as-thin-yellow curves—In(g

White curves in (b,c,e) show the area affected by edge effects. The cutoff frequencies for the semidiurnal tidal band (dotted lines) and the

weather band (dashed lines) are shown as horizontal lines in (b,c,e) and vertical lines in (f;g).

Section 3.6). When the near-bottom temperature T}, record-duringperiods—when-the-temperatureis-was above the freezing
pomténg«?d—e% its semidiurnal variability was typically within 0.2 °C to 0.6 °C, but occasionally reaching 0.8 °C.

r-Weather-band variabilit
260 (28 hours and-to 10 daystbetween-dashed-lines-in-Fig—7b;7e:7e)) WQ@% particularly during the autumn months
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(November 2018 into January 2019) —This-variability-is-also-seen-in-the-timeseries-of 28-hourlow-pass-filtered—(Fig. Tayand

b, c, e), with the principal axis along the WNW-ESE direction, approximately aligned with topography, Section 3.6). T;,

{Fig—7d)-anomalies were typically within £0.5 °C, but doubled in November—December 2018 and October—November 2019,

In the beginning (October 2018) and toward the end of the record (October-November 2019), T;, eontains-has elevated variance
at the time scale en-the-erder-of 10 days; however, the edge effects of the wavelet analysis are significant —(Fig. 7e).

The anticyclonic velocity component is-was generally more energetic than its cyclonic counterpart (Fig. 7f—g)-Speeifieally;
m&mmm almost ten times more variance in the anticyclonic componentthan-the

-, and the diurnal band had almost all variance in

the anticyclonic component. At lower frequenmes the currents afeﬂﬁ&eyelemeelhpﬁea}}ypelaﬂzeddﬁfmgsammeﬁHewevef
during-winter—-the-eurrents—are-were anticyclonic and elliptically polarized year-round (Fig. 7f), except in winter when the
glg/rggg‘[vsvl)vvvvmcmrrwrlearly hnearly polarized at periods of two or more weeks (not shown).
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Figure 8. a) Ekman transport Ug,. Lmz s_llalong —28° versus the weather-band (28 h — 10 d) depth-averaged current speed anomalies
along —28° u,.’. Colours indicate the Ug, composites: below its 10th percentile (dark blue), corresponding to strong north-northeasterly
winds, within its 10th and 90th percentiles (light blue), corresponding to weak north-northeasterly winds, and above its 90th percentile
(orange), corresponding to modest south-southwesterly winds. The small, transparentpale dots are hourly values, while the larger dots are
daily averages. The current is lagged by 7 hours relative to the wind before calculating Ug,. and averaging in time. The error bars show
the mean and standard deviations of the daily averages within each composite. Maps of composite averages of Ug,. (colour shading), wind
stress (white quivers), mean current u,- (pink quivers), and current anomalies u,’ (green quivers) for Ekman transport b) below its 10th

percentile, ¢) within its 10th and 90th percentiles, and d) above its 90th percentile. Reference quivers for wind stress (0.2 N m’zl\gpg/vfgg
current (5 cm s~1) are shown in panels (b) and (d), respectively.

3.5 Impact of wind forcing on the across-saddle current

The strength and direction of the overflow current are signifieantly-influenced by large-scale winds (Fig. 8). Regression analysis
shows that the depth-averaged current anomalies along —28 © in the frequency band from 28 hours to 10 days (u,.") depend
on the Ekman transport along the same axis. Geostrophic adjustment to Ekman transport during north-northeasterly winds
300 typically opposes the east-southeastward cross-saddle current (see-Fig. 8c), and in the case of anomalously strong winds, even

reverses it (see-Fig. 8b). Conversely, weaker and/or southerly winds tend to enhance the eastward flow into the Barents Sea

(Fig. 8d).
Anomalously strong north-northeasterly winds, causing Ekman transport values below the 10th percentile (U, = —1.84(+0.53) m? s~ !
for daily averages), are associated with the strongest current reversal events (u,” = —5.1(£8.8) cms~! for daily averages, with

305 current flowing towards the WNW along topography) (Fig. 8b). The mean current velocity is then 3.1 cms~?, directed west-
southwestwards, but there-is-with a large spread.
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Figure 9. a, b, ¢) Temperature anomaly (colours) averaged in bins of current velocity anomalies analysed in fhree—&eqﬁeﬂey—baﬂds—?he

bands-correspond-to-the-semidiurnal tidal band (a, d), weather band (28 hours to 10 days; b, e), and lower-frequency band (seven days to six

weeks; ¢, f). The velocity anomalies are layer-averaged over the bottom half of the water column, and their variance ellipses are overlaid.

d, e, f) Time series of eddy temperature flux along u,’ T" (—28 °, solid curves) and across v, T” (462 °, dashed curves) the principal axis

of the weather-band-weather- and lower-frequency band variability shown in (b) and (c). The rotated coordinate system is indicated with

dashed lines in the left column. Temporal averaging is done by running mean over 30 days. Note that the v’ and v’ ranges #a-for the feft

eotumna-semidiurnal band are twice as high for-the semidiurnal-band-as for the weatherandlower-frequeney-other bands. In the-weatherband

time-series—(e), the times of peaks chosen for ensemble averaging are marked with red triangles pointing right for positive temperature and

along-isobath current anomalies, and blue triangles pointing left for negative anomalies.

On the other hand, winds with a southerly component, causing Ekman transport values above the 90th percentile (Ug, =
0.79(£0.35) m? s~ for daily averages), are associated with the strongest east-southeastward current events (u,.’ = 4.4(£6.3) cms~*
for daily averages) (Fig. 8d). This suggests that the normal east-southeastward current is accelerated by geostrophic adjustment

310 to Ekman transport set up by winds with a southerly component. The average mean current in this case is 14.1 cms~! towards

the east-southeast.

3.6 Eastward transport of positive temperature anomalies

temperature variability occurs in the same frequency bands as the current variability (Fig. 7). We analyse-anomalies-assoetated
i y-ban ng-separated the contributions from tides, weather-band
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rocesses, and lower-frequency mesoscale activity by band-pass filtering the time series of temperature and Ve}eeﬁyfeeefds

current velocity (Sect. 2.2).
analysing temperature anomalies -1 in the velocity anomaly space (u’, v’), we find that positive temperature anomalies are

were generally located in the southeast sector of the velocity anomalies, while negative temperature anomalies are in the north-

west sector, resulting in net temperature transport across the saddle in the identified bands of variability (Fig. 9a— 9c). Fer-the

This indicates a net heat transport southeastwards across the saddle. For the weather- and mesoscale frequency bands (Fig. 9b
and Fig. 9c, respectively), the largest temperature anomalies were aligned with the principal axis of variability (—28°). In the

semidiurnal (Fig. 9a) and alse-diurnal tidal bands (not shown), the-largest-positive-temperature-anomalies-tend-to-be-oriented
in-the-southeastseetor;however, the largest temperature anomalies lied nearly perpendicular to the direetion-axis of maximum

variance (major axes of the ellipses).

The eddy temperature flux u,’T"” along the principal axis —28° -(Fig. 9d—9£d—f, solid curves) i

was generally positive through the year, with values typically between 1 K cms™! and 2 K cms™!. The largest eontribution-to

er-semidiurnal tidal contribution
occurred October-December in both years, with values on the order of 1 K cms~! directed towards the southeast. Comparable
fluxes-are-also-ealeulated-Comparable fluxes were also observed between February and July when warm and saline water
intermittently appears-appeared near the saddle. In the weather band, -7 -exhibitstarge-vatues ranging from-to-the flux was
large from November 2018 to January 2019 ;-with values between 1 K cm s and themin3 Kcms™! ..and again during autumn
2019, reaching 5 K cms~! by the end of the measurement period (Fig. 9¢). Between mid-January and August 2019, hewever;

the-eddy-temperature-the flux is negligible. Lewerfrequeney-Lower-frequency oscillations on timescales between one and six

weeks exhibit sporadic episodes of large positive eddy temperature flux values during autumn and winter, reaching 3 K cms ™!

in October 2019, and reversals with negative values during January and February 2019. (Fig. 9f).

toward-east-southeast(Fig-9d—91f;solid-eurves)—To further investigate the dr1V1ng force behind fhe%eﬁﬂeﬂmhe%weﬂﬂa}y%ed
ensembles-of strong-the eddy temperature flux even

temperature;current-veloeityand-windfereing—across the saddle in the weather-band, we analysed ensembles of events with
high fluxes. In total 20 events with peaks (u,’, T”") > 0 and 24 events with peaks (u,’, T") < 0 were detected, both resulting in

positive eddy temperature fluxes. Most of these events occur during October, November, and December (red and blue triangles
in Fig. 9¢) when there is no sea ice in the area. The time series of 4-day duration centered at the selected time of each event are
extracted. The ensemble-averaged records are denoted using angle brackets, (.) (Fig. 10).

The ensemble of events that satisfy the first condition is associated with southerly wind stress, resulting in an Ekman transport
component that forces a positive current anomaly carrying positive temperature anomalies toward the east-southeast (Fig. 10a

and 10c). The peak eddy temperature flux of (8.4 4 1.3) Kcms™! tends to occur one day after the maximum along-isobath
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Figure 10. Ensemble-averaged time series for events with strong positive eddy temperature flux (u;.7") (red) along the direction of highest
variance (—28 °) in the weather band (28 hours to 10 days) for the cases when (u,.”, T") > 0, i.e., positive temperature anomalies are carried
ESE by the current anomaly along isobath (a and c), and the-eases-when (u,.’, T') < 0, i.e., negative temperature anomalies are carried
WNW by the current anomaly along isobath (b and d). The ensemble time series of-are (a-b) (u;.7") (red), Ekman transport component
along —28°, (Ug, ) are-shownin-blue-(a-bblue), ef(c—d) current anomalies (u,’) inred-(e-dred) --and of-temperature anomalies (1”)
bhue-(e-dblue). The current anomalies are bin-averaged over the bottom half of the water column. The time axes (days) are centered at the

peak of the eddy temperature flux. The standard error (SE = std(z)/+/n, where n is the number of ensembles) is shown with shading.

Ekman transport. The temperature anomaly turns positive approximately half a day after the current anomaly, and their peaks

are ustually-six hours apart.
The second case (Fig. 10b and 10d; events marked by blue triangles in Fig. 9¢) corresponds to events in-which-when the

wind from the north-northeast increases in strength, feading-to-an-enhancement-of-the-typteal-enhancing the Ekman transport
opposing the current and heneeresulting in a negative current anomaly carrying negative temperature anomalies toward west-
northwest. The peak of eddy temperature flux reaches 7.8(41.2) Kcms™!, approximately one day after the along-isobath
Ekman transport component has reached its largest negative value. The temperature anomaly turns negative six hours after the

current anomaly, and their peaks are two hours apart.
4 Discussion

4.1 Interannual vs-versus seasonal variability — was 2018-2019 a typical year?

Several findings in the time series at the mooring position (Fig. 6) and the late-autumn hydrographic transects on the saddle
(Fig. 5) warrant a discussion about the seasonal and interannual variability in the area and whether the-2018-2019 was a typical

year.
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A-elear-difference-between—the-The autumns of 2018 and 2019 in—terms-of-differed in hydrography and the onset of the

sea ice periodw

- During autumn 2018, the

water column above the saddle was-warm;remained-remained warm and ice-free and was only partially covered with ice from
December. In contrast, in the-autumn-of-autumn 2019, the-sea ice drifted to the saddle in late October, and the water had
cooled close to the freezing point in November. This difference-could-indicate-suggests that the position of the ice cover in
the Barents Sea during the-autumn-is—relevant-for-autumn affects the hydrographic conditions over the saddle at this time of
the year. According to Kohlbach et al. (2023), the marginal ice zone had retreated beyond the shelf break and into the Nansen
Basin in August 2018, while in August 2019, large parts of the northwestern Barents Sea shelf were-still-remained covered
by sea ice, resulting in lower temperatures and a fresher surface layer(Kehlbach-et-al52023). These differences in the large-
scale conditions at the end of the melting seasons of 2018 and 2019 must also have affected the following-winter-conditions-of

2018-2019-and-2019-2020-ebserved-subsequent winter conditions at our mooring site. During the same autumns, observations

in the Northern Barents Sea Opening showed a large difference in the upper ocean salinity accompanied by a similar difference
in sea ice (Lundesgaard et al., 2022). Higher upper ocean freshening due to more sea ice melt can precondition the area for sea
ice growth the following winter (Lind et al., 2018).

During-the-weeks-before-the-transeetin November2049-Superposed on the seasonal cycle, several episodes of warm water
intrusions affected the sea ice cover at the saddle (Fig. Saywas takenswinds-were predominanthy northeasterly-6b—c). The inflow
of Atlantic-origin waters and heat transport onto the saddle are important for the onset and length of typical winter conditions.

Strong current velocities directed across-saddle into the Barents Sea (u enerally preceded the local temperature maxima

associated with the warm water intrusions (Fig. 6¢ and 6d). Sea ice covered the mooring site starting from mid-January 2019

before the water column had completely cooled to the freezing point (Fig. 6aywith-relatively-strong-currentreversals-towards
west-and northwest b, ¢). Notwithstanding, favourable wind and ice conditions and geostrophic adjustment to the wind-driven
Ekman transport from Edgegya to Hopen resulted in depth-averaged currents reaching 23 cms™", driving warmer waters from
Storfjordrenna to the saddle. A similar response to wind forcing resulting in deep warm water overflow has also been observed
on the sill in the inner part of Hornsund in Svalbard (Arntsen et al.. 2019).

Not all warm inflow events are explained by the local wind effects, however. The event with the strong across-saddle current
of 30cm s~ and the small increase in temperature, which occurred from mid-February to March, is likely caused by upstream
conditions. Accelerating WSC and the branch going into Storfjordrenna can force the current to follow shallower isobaths

to conserve potential vorticity (Nilsen et al., 2016). The small temperature increase during this period was most likely due to

mixing of the warm water en route to the saddle. When the current subsided in early March, the temperature on the saddle
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returned to the freezing point, and the sea ice concentration increased to 90 %. Similarly, events during April with weaker
current pulses transporting cooler waters can be attributed to forcing by the upstream conditions.
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Figure 11. Sea ice concentration (black, left vertical axis) and sea surface temperature (red, right vertical axis) at the mooring location
from_September to_September in a) 2018-2019, b) 2019-2020, c) 2020-2021, and d) 2021-2022. Dashed lines mark times of a)
mooring deployment, b) mooring recovery and hydrographic transect in November 2019, ¢) hydrographic transect in October 2020,
and d) hydrographic transect in November 2021. Sea ice concentration and sea surface temperature are taken from the OSTIA product
(OSTIA, 2023; Good et al., 2020)).

400 Northeasterly winds and relatively strong westward current reversals in the weeks before the November 2019 transect
(Fig. 65a, Fig. 6a,d—e) ;presumably-tmportinglikely imported sea ice and eontributing-to-lowering-the sea-surface-temperature
cooled the surface waters to the freezing point above the saddle. Comparing-the-The large-scale sea ice conditionsinNovember

ef-cover was more extensive in November 2019 and-262+compared to November 2021. In 2019, the 15 % sea ice edge extended
past Hopenand-almostreached-, almost reaching the southern tip of Spitsbergenin-2049, while in 2021, it only extended south
405 to Edgegya and did not cover the Olga Basin (not shown). The higher temperature maximum and the alignment of the isoha-
lines and isotherms in the transect from November 2021 (Fig. 5c) suggest that-there-had-been-an-inflow-of-an autumn inflow
of Atlantic-origin water and an incomplete cooling of the water ef-Atlantic-origin-onto-thesaddle-during-autumn-and-that-the
water-columnhad-net-yet-cooledcolumn. The SST in the region was substantially higher in 2021 compared to 2019, with the
largest difference of 3 °C in Storfjordrenna (not shown), and 1 °C to 2 °C at the mooring position, so that the onset of freezing

410 was delayed by one month in 2021 relative to 2019 (Fig. 11b, 11d).
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The November transects (Fig. Saand-5,c) were both cooler and less saline than the October transect (Fig. 5b). This ean

emay be due to a regular seasonal shift from AW

influence to Arctic Water influence at the site and/or interannual variability in this region. During autumn 2020, SST steadily
decreased until rapidly increasing to 1.4 °C during the week before the transect in mid-October (Fig. 11c). It then decreased

to 0 °C before increasing to 2.6 °C in mid-November. Hence, autumn 2020 had warmer and longer-lasting overflows of water
of Atlantic origin on the saddle and a later onset of sea ice than the other years. Atlantic inflow from the north of Svalbard has
also been observed to affect the seasonal variability in local hydrography in the same way (Lundesgaard et al., 2022).
Autumn 2018 was comparable to autumn 2020 in terms of SST evolution at the mooring position (Fig. 11a and 11c). Inflow
of warm water from Storfjordrenna maintained high SST above the saddle through November in both 2018 and 2020, and
delayed the onset of sea ice in the subsequent winters.
In the context of the long-term changes in SST and SIC at the study site, the autumn 2018 to autumn 2019 (mooring year)

was an average year in the recent two decades (not shown), and the difference between 2018 and 2019 was not remarkably

large. H

onwards, the interannual variability in SST and SIC at the mooring site was substantially higher than the previous 25 years
indicating that one might expect even larger year-to-year changes than what we observed between 2018 and 2019.
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surface temperature, and oceanic heat transport (Dorr et al., 2024). Locally, intrusions of warm water during autumn can delay
the onset of winter conditions en-the-saddle-and inhibit local sea ice growth or melt sea—ice-that-has-beenimportedfrom

northeastimported sea ice, as observed in the autumn-autumns of 2018 and 2020 (Fig. 6b—c and 5b). Further,such-warm-water

These intrusions, whether they-are-foreed-driven by local winds or by upstream conditions, also frequently reduce the existing
partial ice cover above the saddle during winter and spring (Fig. 11, earlier years not shown). This explains why-the differences
in hydrographic conditions observed in November 2019 and-November-ys 2021 were-substantially-different(Fig. 5a and Sc)and
of-the-, The more persistent warm water overflow that-yearin 2020 likely delayed the seasonal watermass transformation and
contributed to the October 2020 transect being substantially warmer than the November transects.

4.2 Drivers of the mean exchange between Storfjordrenna and Barents Sea

The observed background current (10-day low-passed) tends to flow towards the southeast (Fig. 6¢). This current direction is
opposed by the geostrophic adjustment to the Ekman transport induced by the typical-large-scale winds-wind pattern from the
northeast. The strength and direction of the current are affected by the wind stress, and in eases-periods with strong winds,
either reversed to northwestward flow or amplified in its normal southeastward direction (Fig. 8). Hence, the local wind is not
the main driver of the background current on the saddle.

The forcing of the slowly varying current is more complex. A-tow-but-We found a low and insignificant correlation between
spatial differences in sea level and mooring current velocitywas—found-, by analysing absolute dynamic topography and the

associated geostrophic currents (not shown). This means either that the sea level slope locally is not the main driver of the
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current or that the data coverage and quality of the absolute dynamic topography measurements are not sufficiently good to
show a clear relation. The quality of such measurements can be reduced due to seasonal ice coverage and the timing of the
satellite passages, and the product quality north of the Arctic circle is not thoroughly tested (Oziel et al., 2020).

The current across the saddle may, on the other hand, be dependent on the strength of the current upstream in Storfjordrenna

and on the slope west of Spitsbergenbanken (Sect. 4.1). Brown-et-al-(2023)showed-thatfurther-upstreamUpstream, along the

Norwegian coast, low-pressure systems accelerate the Norwegian Atlantic Current gets-aceelerated-by-low-pressure-systems
through onshore Ekman transport and set-up along the coast —(Brown et al., 2023). However, it is unclear whether the-passing-of

low-pressure systems would accelerate the WSC sinee-along the relatively shorter West-Spitsbergen has-a-shertercoast-than-the

is-coastline (Brown et al.,, 2023).

Additionally, high variability in the track-ofthe-passing-tracks of low-pressure systems toward-and-past-Svalbard--and-therefore

there-is-alse-highly-variable loeal-wind-foreing-passing Svalbard (Wickstrom et al., 2020) makes the local wind influence west
of Storfjordrenna and Svalbard —Peaks-in-the-eurrent-on-thesaddle seem-at-times—te-be-highly variable. Current peaks at the

mooring site are occasionally related to a strong WSC, quantified using the slope of absolute dynamic topography between
Spitsbergenbanken and Storfjordrenna (not shown), generating a barotropic contribution to the saddle-current strength. Similar
to the response of the WSC on the West Spitsbergen Shelf to anomalous wind stress curl (Nilsen et al., 2016), the branch of
the WSC which flows in Storfjordrenna can be displaced onto shallower isobaths. However, a more detailed analysis is needed
to conclude on the effects of upstream forcing.

Another possible driver for the observed mean current is the tidal residual flow on Spitsbergenbanken. In shallow areas with
strong tidal currents and streng-non-linear bottom friction, residual currents may influence the circulation pattern (Harms,
1992). Tidally generated residual currents around Bjgrngya were reported from buoys (Vinje et al., 1989) and frem-lab-
oratory experiments and observations from drifters (McClimans and Nilsen, 1993). Several numerical model studies have
shown that tidal rectification occurs in the region (Harms, 1992; Gjevik et al., 1994; Kowalik and Proshutinsky, 1995). Using
higher-resolution models which better resolved nonlinear terms, strong anticyclonic tidal residual current was reported around
Bjgrngya and on Spitsbergenbanken (reaching 15cms~!) and around Hopen (Kowalik and Marchenko, 2023). Simulations
have reproduced the anticyclonic drift of buoys around Hopen, which is driven by strong tidal currents caused by interaction

between the semidiurnal tide and the island of Hopen (Marchenko and Kowalik, 2023).

4.3 Tidal-, weather- and low-frequency band variability and their impact on the eastward heat transport into the

Olga Basin

Both the-semidiurnal-and-the-semidiurnal and diurnal tidal currents contribute to the transport of heat across the saddle on
Hopenbanken—Fthe-semidiurnal-eontributionts-, with the semidiurnal contribution being significantly larger. The semi-major
axis of the semidiurnal currents is oriented along 20°, i.e. roughly east-northeast, which is roughly perpendicular to the eddy
temperature flux in the semidiurnal band (Fig. 9). The direction of the eddy temperature flux is mainly in the southeast sector
for all the frequency bands. This is likely due to the position of the temperature gradient on the saddle and the guiding of the

current anomalies by topography.
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The oscillations on timescales between one and six weeks result in sporadic moderate eddy temperature fluxes in the south-
east sector, comparable to the semidiurnal band in magnitude, but more variable in direction. The largest contribution towards
east-southeast was during autumn 2019 (Fig. 9f), when the wavelet transform of u,. (Fig. 7b), and especially of T}, (Fig. 7e),
had power in the low-frequency area, implying that the varying current brought even larger temperature variations. These
concurrent fluctuations added up to a considerable eddy temperature flux in this period. We hypothesise that the high eddy
temperature flux this autumn may be caused by AW upstream of the saddle being lifted onto shallower isobaths due to either
regional Ekman pumping or an acceleration of the upstream current system, resulting in higher temperatures on one side of the
front on the saddle. Locally on-the-saddleat the mooring site, this was observed as low-frequency oscillations with particularly
high-temperature variations causing a large eddy temperature flux into the Barents Sea.

Integrated over the measurement period, the weather band eddy temperature flux was approximately twice that of the low-
frequency and the semidiurnal bands, both of which had comparable magnitudes. During the period with a relatively high sea
ice coverage, from February through July, the semidiurnal tide leads twice as much heat across the saddle as the weather band
and 1.5 times as much as the band associated with mesoscale activity.

Eddy temperature fluxes calculated in Section 3.6 contain both their divergent and rotational components. Only the divergent
part plays a part in the actual transport of heat across the saddle (Marshall and Shutts, 1981; Guo et al., 2014). Using our data
set we cannot separate the contribution of the divergent or rotational eddy temperature fluxes, hence, the values must be taken

as an upper bound.

4.4 Consequences of the long-term changes in the hydrographic environment in Storfjordrenna for the heat

transport into the Barents Sea

Over-timeln recent years, the AW presence in Storfjordrenna upstream of the study site has increased. Storfjordrenna is among
the locations in the Barents Sea that have experienced the highest increase in sea surface temperature over the reeent-last
two decades (Barton et al., 2018; Bayoumy et al., 2022b). The elimatological-hydrographic-maps-and-transeets-climatology
in Storfjordrenna (Section 3.1) shew-that-alse-also shows that the water column has become warmer since 2000 compared
to previous years (Fig. 3), and that Atlantic-origin water has shoaled and now reaches further eastwards—east towards the
saddle during summer (Fig. 4). The shoaling of AW has also been observed in the Eurasian Arctic (Polyakov et al., 2017),
along west-Spitsbergen;-the coast and in the fjords ateng-of West-Spitsbergen (Tverberg et al., 2019; Skogseth et al., 2020;
Strzelewicz et al., 2022). In-additionAdditionally, AW advected into the fjords in West-Spitsbergen have-has warmed in the
recent two decades (Bloshkina et al., 2021; Pavlov et al., 2013; Tverberg et al., 2019; Skogseth et al., 2020). At the mooring

site, the years after 2005-06 had on average higher mean annual SST and fewer days of sea ice coverage compared to the years
between 198182 and 200405 (not shown), which may be due to increased AW inflows in the Barents Sea compared to Fram
Strait after 2006 (Polyakoy et al., 2023). The warmest year was 2015-16, with abnormally high mean SST above the saddle and
only 106 days of any sea ice and no SIC above 0.8. This was the same year when Storfjordrenna, along with the Barents Sea in
general (Bayoumy et al., 2022b), experienced a record-low sea ice cover and a warm, saline surface layer (Vivier et al,, 2023),
and a record-warm and long-lasting marine heatwave (Bayoumy et al., 2022a).
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As the AW circulates over shallower isobaths, the physical processes taking-place-on-the-saddle-in the channel between
Storfjordrenna and the Olga Basin may more easily transport heat eastward in the future. Anomalous wind stress curl can
affect the circulation depth of AW in Storfjordrenna and therefore lead AW or Atlantic-origin waters closer to saddle-between
Edgepyaand-Hopen-the saddle between Storfjordrenna and the Olga Basin (Sect. 4.2)

Several factors determine the fate of the-AW-warm waters crossing the saddle. The circulation pattern en-and-east-of-the

water is transported to the Arctic or the Atlantic side of the Polar Front, which follows the 200 m deep-sittisobath separating the
Olga Basin from Hopendjupet and-Bjgragyrenna-(Fig. 2);+-e-whetherto-the-Aretic-or the-Atlantie side-of the Polar Front—The-,
While the time-averaged flow observed by the mooring was directed towards the southeastand-most-ef-the-, with most non-tidal

variability contributing to heat exchange eecurred-in-the-axis-between-occurring along the west-northwest and-to east-southeast

axis (Sections 3.4, 3.5, 3.6)-However-the-bathymetry-on-the-saddle-is-complex;-and-the-observations-do-not-confirm-that-th

the-, the complex bathymetry in the region and limitations in our observations prevent a definitive conclusion regarding the
specific path of the AW s-or the fraction of AW-and-heat that could contribute to the heat budget on the northern side of the Polar

Front. PetentialyNonetheless, the AW transport through the channel between Edgegyaand Hopeneanhaveconsequencesfor
Storfjordrenna and the Olga Basin has the potential to impact the Olga Basin, which still has a seasonal ice cover and a cold,
thick layer of Arctic Water (e.g., Lind and Ingvaldsen, 2012).

Given the possibility that AW-Atlantic-origin waters from Storfjordrenna may be transported into the Arctic side of the Polar
Front east of Hopenbanken, the density stratification within the Olga Basin s-becomes an important factor in determining the

consequences of the-transport-of-Atlantic-origin-waters-this transport for the local conditions. Denser waters on the eastern side
would cause Atlantic-origin waters to penetrate at shallower depthsand-impact-the-, impacting the winter and spring sea ice
cover during-winter-and-spring-and-and generally depositing more heat into the upper water column, with implications for the
sea ice growth in the following-season—tess-subsequent season. Conversely, less dense waters on the eastern side could on-the
other-hand-eause-cause subduction of the overflow waterste-subduet. If pure AW, or water with properties closer to AW than
what was observed in this study, flows over the saddle, its density can exceed that of the local water in the Olga Basin (Arctic

Water, East Spitsbergen Water) and thereby contribute to the deeper stratification. We noted the deepening of the 34.4 gkg ™!

isobath and a small decrease in temperature in parts of the Olga Basin (Fig. 4b—c) in the recent two decades. However, due to

the particularly sparse data coverage in the Olga Basin, we are cautious about interpreting these changes.
Atlantic-origin waters reaching the saddle between Storfjordrenna and the Barents Sea will affeet-influence the properties

of the East Spitsbergen Current flowing into Storfjorden. More AW mixed into the East Spitsbergen Current on the saddle
will have consequences for the Coastal Current in Storfjorden and along the west coast of Spitsbergenand-for-, as well as the
exchange between the shelf and the fjords. Mere-AW-in-the-East-Spitsbergen-Current-will-also-tmpaet-It will also affect the
dense water production in Storfjorden and the-consequent-subsequent deep water export to Fram Strait, as the initial salinity of
the source water preconditions the density of the overflow (Schauer, 1995; Skogseth et al., 2004; Vivier et al., 2023).

25



585

590

595

600

605

610

5 Conclusions

We have used available historical hydrographic profiles to study changes in the hydrographic environment in Storfjordrenna,
the shallow banks around, and in the Olga Basin north of the Polar Front in the recent two decades compared to 1930-2000.
In addition, we showed-recent-late-autumn-analysed recent late-autumn hydrographic transects and a year-long time series
of near-bottom hydrography and water column current velocity on the saddle separating Storfjordrenna from the Olga Basin
The mooring observations show that AW and Atlantic-origin waters in Storfjordrenna can cross the saddle and enter the
Arctic domain of the northwestern Barents Sea. The across-saddle current is mediated by wind forcing. Southerly winds
over the saddle cause stronger currents into the Barents Sea and are associated with events of strong eddy temperature flux.
The streng-pronounced semidiurnal tidal currents over the saddle also contribute to heat transport frem-Storfjordrenna-into
the Barents Sea, about half of the wind-driven flux. The area is characterised by large seasonal and interannual variability in
hydrography and sea ice cover and frequent intrusions of warm water from Storfjordrenna. Both local wind stress and upstream
conditions can force these intrusions, and they are important for the onset and length of typical winter conditions in the area.
The two recent decades were warmer and more influenced by AW in the Atlantic sector of the northwestern Barents Sea. This
increase in heat in the Atlantic sector, potential shoaling of AW, and the ongoing changes in large-scale wind patterns would

indicate that the channel separating Storfjordrenna from the Barents Sea may emerge as an important pathway of AW and heat

into the Arctic sector of the Barents Sea in the future. The complex interplay of local and non-local processes governing the

large variability of AW inflow on seasonal to interannual timescales warrants more comprehensive data collection and analysis

Data availability. The mooring data can temporarily be retrieved from https://figshare.com/s/e4f2c67e8df9f68d306b. This data set will be
published in the Norwegian Marine Data Centre. Hydrographic data (Skogseth et al., 2019) used for the climatological sections can be
retrieved from https://data.npolar.no/dataset/39d9f0f9-af12-420c-a879-10990df2e22d. Hydrographic data from the cruise in 2019 (Sund-
fjord, 2022) are available through https://metadata.nmdc.no/metadata-api/landingpage/b62edd66b56570a4374fd790bc8be3b9, the cruise
in 2020 (Fer, 2020) through https://metadata.nmdc.no/metadata-api/landingpage/269c4764094da6b5a4434£d27d983620, and the cruise in
2021 (Sundfjord, 2023) from https://metadata.nmdc.no/metadata-api/landingpage/2609bab822f8921a173287a6a3c92b65. ERAS reanaly-
ses (Hersbach et al., 2020) are available from https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-eraS-single-levels. The Global
Ocean OSTIA Sea Surface Temperature and Sea Ice Reprocessed product (OSTIA, 2023; Good et al., 2020) is available from https:
//data.marine.copernicus.eu/product/SST_GLO_SST_L4_REP_OBSERVATIONS_010_011/description.

Appendix A: Methodology for the climatological hydrography maps and sections

The historical hydrographic data have been optimally interpolated onto horizontal and vertical climatological sections to com-

pare the two recent decades to earlier decades. The interpolation was done using the kriging algorithm in Golden Software
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Surfer 12 through the MATLAB function surfergriddata.m (point kriging with no drift, linear variogram model with unit slope
and anisotropy). The spatial resolution of bin averages before kriging is described in section 4.2—4.3 of Skogseth et al. (2020).
Due to temporally and spatially sparse data coverage, only summer (July—October mean) sections were possible to create. For
the period 1930-2000, if a bin had data from fewer than three years, that bin was retained without data to ensure an unbiased
representation. For the period 2000-2019, this minimum threshold was lowered to one year to ensure enough data to produce
the kriging-interpolated sections. Data coverage and standard deviations for the horizontal climatological sections are shown
in Fig. A2 and Fig. A1 and for the vertical climatological sections in Fig. A4 and Fig. A3.

Vertical climatological sections of summertime (July—October) temperature and salinity over the periods 1930-2000 and
2000-2019 were made from hydrographic profiles within +0.15° perpendicular distance from an along-section from Storfjor-
drenna across the saddle and into the Olga Basin, comprised by the bin centres shown in Fig. 3a to where the profiles were
first bin-averaged. The bin sizes in the along-section direction were the half between two neighboring bin centres. At the end
points of the sections, profiles within 0.3° west (east) of the western (eastern) bin centre were included in the bin average. Each
profile was weighted with its distance to the bin centre to produce weighted bin-averaged sections with 5 m vertical resolution.
The weighted bin-averaged sections were then interpolated onto a 500 m horizontal times 5 m vertical grid resolution using
kriging interpolation.

Similarly, weighted bin-averaged horizontal distributions of depth-averaged temperature and salinity over the whole water
column were estimated on a 0.5° longitude times 0.2° latitude grid resolution for the area 20° E-28° E; 76° N-78° N, where
each profile was weighted with its distance from the bin centre it belonged to. The weighted bin-averaged depth-averaged
temperature and salinity horizontal sections were then interpolated onto a 2 times finer grid using the kriging interpolation

method described above. In both grids the land points were excluded.
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