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Abstract

Siberian river water is a firgirder contribution to the Arctic freshwater budgeith the
Ob, Yenisey, and.ena supplying nearly half of the total surface freshwater flux. However,
few details are known regarding where, when and how the freshwater transverses the vast
Siberian shelf seas. This paper investigates the mechanism, variability and pathways of the
fresh Kara Sea outflow through Vilkitsky Strait towards the Laptev Sea. We utilize -a high
resolution ocean model and recent shipboard observations to characterize the frdatemter
Vilkitsky Strait Current (VSC), and shed new light on the htitadiedregion between the
Kara and Laptev Seas, characterized by harsh ice conditions, contrasting water masses, straits
and a large submarine canyon. The VSC i2Qkm wide, surfacéntensified, and varies
seasonally (maximum from Augubtarch) and interannuigl Average freshwater (volume)
transport is 500 + 120 Kha' (0.53 + 0.08 Sv), with a baroclinic flow contribution of-50
90%. Interannual transport variability is explained by a sterag@ase mechanism, where
blockingfavorable summer winds hamper theatflow and cause accumulation of freshwater
in the Kara Sea. The year following a blocking event is characterized by enhanced transports
driven by a baroclinic flow along the coast that is set up by increased freshwater volumes.
Eventually, the VSC mergesith a slope current and provides a major pathway for Eurasian
river water towards the Western Arctic along the Eurasian continental slope. Kara (and
Laptev) Sea freshwater transport is not correlated with the Arctic Oscillation, but rather

driven by regbnal summer pressure pattern
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1) Introduction

The Arctic Ocean receives nearly 11% of t
of the global volume of seawat¢Bhiklomanovet al, 200Q. The Arctic Ocean surface
freshwater flux is a large net inpw the ocean, dominated loynoff from North American
and Eurasian Rivefdagaard and Carmack, 1989, Seeret al., 2006 Rivers discharge on
the shallow Arctic shelf seas, where different mixing processes produce miydsabtes and
cold shelf watersTheseeventually feednto (and below)}he Arctic halocling Aagaardet al,
1981], insulatingthe ice cover from the warmer Atlantierived watersoelow. A recent
idealized Arctt Ocean model stydSpall, 2013]highlighted the role ofreshwaterfrom the
Arctic shelves irsetting uphorizontalsalinity gradients across the continental slopésch,
through the dominant impact of salinity on dens#isg a major drivefor the Atlantic water
circulation

The largest freshwater content (FWC)faaind in the Canada Basi#agaard and
Carmack, 1989 whereFW accumulates due to Ekman convergence under a predominant
anticyclonic atmospheric circulatig®roshutinsky et al., 2009FWC varies on interannual
and interdecadal time scalfRabe et al.2014, which has been linked to largeale Arctic
indicesof sea level pressuf@orison et al., 2012; Proshutinsky and Johnson, [L88d to
changes in wind forcinfGiles et al,. 2013. Freshwater budgetsupported by ydrochemica
data [Alkire et al.2010],suggest hat ~70% of the Canada Basinbo
result from Eurasian Rivef¥amamoteKawai et al., 2008; Carmack et al., 200OBowever,
the exact pathways and links between the Eurasian shelves and the Canada Basin remain
poorly understood.

Nearly 50%o0f the Arctic river water entersom threeof the largest rivers on earth
over the vast Kara and Laptev Sea shefi@s the Lena (531 krha®), Ob (412 kmia'), and
Yenisey (599 krha™; Figure 1)[Dai and Trenberth, 2002Thedischarge is highly seasonal

(Figure 2)and controk the summer stratificatiorjJanout et al. 20134nd biogeochemical
3
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environment on the Siberian shelMélmes et al. 2012 The distribution and fate of the

river plumes is primarily dominated by winds summer{Dmitrenko et al., 2005 During

years with weak or predominantly westerly winds over the Laptev Sea, Lena River water

propagates into the East Siberian Sea and furdlearg the coastoward Bering Strait

[Weingartner et al., 1999 During summes with easterly or southerly winds, the plume

remains on the central and northern Laptev shelf, and is available for export into the Arctic

Basin[Guay et al., 2001

The Siberian shelves anmportant ice formation regiongvhile polynyas arefrequent

along most of the Laptev and East Siberian coatite, Kara Segpolynyas aremainly

concentrated along the Novaya Zemlya caasl north of Severnaya Zemlya [Winsor and

Bjork, 2000].Landfast icgLFI) can form along the northeast Kara Sea coast as eaity a

November,and more consistently covers a larger regr@m Febrwary-June [Divineet al,

2004] Atmospheric conditions considerably affddtl variability, where the largest extent

coincideswith high pressure over the Arciieading to cold offshorevinds over the Kara Sea,

while cyclonesfavor a lesser LFI extent anearlier breakup in springDivine et al.,2005]

The increasing cyclonicity in the ArctiZhang et al., 2004may in part explain théFI

decrease in the Kara Seg ~4% decadé between 1976 and 2007eported byYu et al.

[2014] A 5-year model studestimatedan averageice volume flux out of the Kara Sed

220km?* a® [Kern et al., 2005], which is the equivalent of ~200°loffreshwatemr ~half of

the Obbdbs annual runof f

The

Kar a Sea received considerabl e atte

circulation and freshwater dispersion studies were designed to predict the fate, residence time,

and dilution of nuclear waste deposited in tiegion which resulted in a large pb of

literature[Pavlov and Pfirman, 199%chlosser et al., 199%avlov et al., 1996; Johnson et

al., 1997; Harms et al., 2000 Su mmer sur v ey[Hanilick@aml Aaghaed, 196 0

1980 and
4

1 [9cbrdn £t al., 199 Dbserved a northwandver plume dispersiorduring
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summer Numerical tracer experimentfHarms et al., 20J0found a similar summer
distribution andthena shoreward return of the plume under changing wind directions in the
fall. Model resuls [Harms and Karcher; 1999; Harms aKdrcher, 2005; Panteleev et al.,
2007, in agreement with previous circulation scherffeaviov and Pfirman, 1995; Pavlov et

al., 1996, suggestthat Vilkitsky Strait (VS) is a prominent pathwayor the fresh coastal
waterscarriedwithin the West Taymyr Quent (WTC). The WTC is assumed to wrap around
the Taymyr peninsula to continue southward as the East Taymyr CiiReathdv et al., 1996

which implies that thefresh Kara Sea waters are advected onto the Laptev Sea shelf.
However,a detailedLaptev Seaurveyfrom September 2018uggests that onlg small part

of the northwestern Laptev Sea shslinfluenced by fresher Kara Sea waterth salinities

of ~30(Figure3). The provenance of the waters can be determined by dissolved neodymium
isotope compasons and preliminary analyses indicate that at least the central Laptev Sea
was almost exclusively dominated by Lena River water at that time (G. Laukert, pers.
comm.) The comparatively small amount of Kara Sea freshwater on the Laptev Sea shelf
may be explained byt h e r d&ahynoetrydwhich is far more complex than previously
considered. Immediately eastward of the ~200 m déepthe bathymetry deepens into a
large submarine canyon (Vilkitsky Trough, VT, see Figure 1). VT is a maximum of 350 m
deep 80 km wide and more than 200nklong [Jakobsson et al., 20p8Unfortunately,
detailedobservations and published informatimom the canyon are missing’hich may be
primarily due to the harsh ice conditiotisat often prevail inthe region. In a numeal
circulation study, Aksenov et aJ2011 mention afresh currentthat exits the Kara Sea
throughVs, and eventually formsthenesrur f ace p-artt otahbl fippar si st
propagating along the Arctic continental slopes. This proposedwpgt of Kara Sea
freshwater iscontrasted bya propagation along the inner Laptev Sea shelf, ungently
requires observational evidencensidering the implications of Siberian freshwater for the

Arctic Ocean.
5
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The goal of this study is to shed light tre region betweerVS and the continental
slope along the northern Laptev Sea in order to understand the regional conditions and derive
their largerscale importance for the Arctic Ocean. In particular, we aim to characterize the
fresh Kara Seaoutflow, investigate its structure, seasonal and interannual variability, and
forcing mechanisms based on a hrgkolution circulation model combined with recent
observations.

The paper is structured as foll ows. AnDat a
results section 3 provides a characterization of the Vilkitsky Strait Current (section 3a),
associated volume and freshwater transports (section 3b), their variability and forcing
mechanisms (section 3c), observations and further pathways (section fipalindhe fate
of the Kara Sea freshwater (section 3e). The paper finishes with a discussion in section 4 and

summary in section 5.

2) Data and methods

a) Model

In this study we analyzed results from an Ocean General Circulation Model (OGCM)
developed undethe Nucleus for European Modelling of the Ocean (NEMO) framework for
ocean climate research and operational oceanography (http://wwwotaaon.eu). The
NEMO configuration usedhereis a zlevel global coupled sea iean model, which
includes the oceaairculation model OPA9Madec et al., 20J1and the Louvaifla-Neuve
sea ice model LIMZFichefet and Morales Maqueda, 199pdated with elastiwiscous
plastic rheologyThe ocean model is configuredl 1/12 degreen a tripolar Arakawa &grid
with the model poles at the geographical South Pole, in Siberia and in the Canadian Arctic
Archipelago.The nominal horizontal resolution is3 km in the area of interegfKara and
Laptev Seas and the east&urasiarBasin Figure 1), 24 km in the central Arcti©cean and

Canadian Arcticand ~9 km in the resof the ocean. The model is edBsolvng in the
6



151 Arctic Ocean and eddgermitting on the shelvg®Nurser and Bacon, 201L4The model has

152 75 vertical levels with 19 levels in the upper 50 m and 25 levelserupper 100 m. The

153 thickness of top model layer is ~1 m, increasing to ~204 m at 6000 m. Following Barnier et
154 al. [2004, partial steps in the model bottom topography are implemented to improve model
155 approximation of the steep continersédpes The highvertical resolution and partial bottom

156 steps in topography allow for better simulations of the boundary currents and shelf
157 circulation. The model hasnonlinear ocean free surface, improving simulations of the sea
158 surface height. An isoeutral Laplacia operator is used for lateral tracer diffusion and-a bi
159 Laplacian horizontal operator is applied for momentum difiusiA turbulent kinetic energy

160 closure scheme is used for vertical mixifigadec et al., 2011 The model has been
161 successfully used ineseral studies of the Arctic Oceghique and Steele, 201and the

162 North Atlantic [Bacon et al., 2004 Amongst the known biases are d0% higherthan

163 observedsea ice concentration aad% higher inflow through Bering StrgiVoodgate et al.,

164 2013.

165

166 b) Observations

167 Conductivity Temperaturédepth (CTD) measurements from the Laptev Seginate

168 from severaldifferent expedibns.In 2004 and 2005CTD transects were takeduring the

169 NABOS (Nansen and Amundsen Basins Observational Systemgyam aboard the research
170 icebreakeKapitan Dranitsynusing a Seabird 19plus profiler. Accuracies for temperature and
171  conductivity are 0.005°C and 0.0005 $mespectivelyVT sampling in2011was carried out
172 duringAiTRANSARCO a b RVaPoldrsternusng a Seabird SBE911 CTD with accuracies
173  of 0.001°C and0.0003 Srit for temperature and salinity, respectivétiata published in

174 Schauer et al.[201]). Polarstern operates a 75 kHz vessmabunted Acoustic Doppler
175 Current Profiler (ADCP), which provides alotrgck velocity profiles in 8 m bins with an

176 accuracyof 3 cms™. In SeptembeR013 the Transdrift21-expeditionto the Laptev Sea was
7



177 carried out aboarBV Viktor Buinitskiywithin the framevork of the RussiastGer man A Lapt e
178 S e a S ypsgramTemperature and salinity transects were carriedusiitg an Ocean

179 Science underwaflJ-)CTD system, which allows profiling while the ship is in transit. The

180 CTD sersors are manufactured by Seabird and provide accureci@®004 °Cand0.002

181 0.005 S rit at a sampling frequency of 16 HEhe sensors operate in fredl mode witha

182 nonconstansinking velocity andsubsequengalinity computations requirearefulalignment

183 of conductivity and temperature samplesThe UCTD postprocessing followed the

184 recommendations ddllmann and Hebeif2014.

185

186 3) Results

187 a) Structure seasonalityand pathwayof the Vilkitsky Strait Current

188 A stateof-the-art numerical mode[NEMO) with a proven trackecord in simulating

189 Arctic Ocean circulation features wawestigated for the circulation in the Kara Sea outflow
190 region aroundvVS and the western Laptev Ségigure 4). Based on longerm (19962010)
191 mean October velocities, thlmodel shows the variable Western Taymyr Current (WTGh
192 the eastern Kara Seahich carrieswestern Kara Sea watensixed with river water along
193 shorein agreement withPaviov and Pfirma[1995. Upon reaching the narrowirggrait, the
194 WTC intensifiesandcontinueseastward, first alonthe southern edge of VEBnd then along
195 the continental shelf break of the northern Laptev Be¥S, the diffuse WTQlevelops into
196 a strong and welllefined currentwhich we henderth refer to aghe Vilkitsky Strait Current
197 (VSC). The VSC is swift andnarrow (1620 km) and propagatesastwardalong the slopes
198 surrounding the Laptev Sea (Figute During the first 200 km of its propagati@ong VT
199 the velocities decrease with deptiut increaseagain once the VSC reached the Laptev
200 continental slope presunably due to the interaction with otheatope currents such as

201 described by Aksenov et al. [2011]
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Climatologicalsectionsof currents (Figur®) and salinity (Figuré) across VS reveal
the vertical and horizontabktructure and seasonal development of the VE@ssstrait
velocities showa pronounced surfagatensified jet on the t r aouth idgwith maximum
velocities of >0.5 ns* during OctobeiDecember. The jet is ~20 km wide, most intense in the
upper 20 m and clearly defined to a depth @180 m from July through March, while it is
nearly absentrébm April T June.The structure of theeostrophic velocitiegeferenced tahe
bottomnot shown o mput ed f r om tchossseationd @énfical to dthatiofsei t y
current magnitudé€Figure 5). Average monthly(0-60m) geostrophic velocities af€-30%
(summer and fall) t®0% (spring)smaller than the total velocities (Figufe Thebaroclinic
flow constitutes 7% + 13% of thecurrents inVS and implies that the flow is largely
buoyancydriven, which explainsthe strong coupling of thgetsd magnitude and structure to
the seasondreshwatercycle of the Ob and YenisegFigure 2)and thecrossstrait salinity
(Figure6). Discharge of both rivers peaks in June and subsequently decreases to the minimum
runoff rates fom NovemberApril (Figure 2). The~3-monthlag between peak runoff in June
and maximum VS velocitiem fall may be explained by thime it takes the freshwater to
cover the distance of 76800 km from the | v esuasies to VS

Salinities ae markedly lower on the soutiside of VS (Figure 6), with minimum
values of ~8 from OctoberJanuary. Duringthis time, acrosstrait isohalineshave the
steepest slopes corresponding to maximum velocities. Isohdéwek out during spring,
when surface salinities are maximum (-3&%), and vebcities are minimumUpperocean
temperatures in V$not shown)are neaffreezing yearound except from Juiyseptember,
when the climatological mean reaches°€2on thes t r aouth side in the core of the VSC.
Deeper waters in VS are warmer-1>*C) and more saline (34-84.8), and influencel by
Barents Sea Branch watdRtudels,2017, which is found in the canyagastof VS as will be

shown later
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b) Freshwaterand volume transpothrough Vilkitsky Strait
Transports acrosgS werequantifiedbased on NEMO results. Volume transpoyt

is computed according to:
(1) I:Vol = rNPdA’

where u is the crossstrait velocityand At he area of the straitéos

freshwater transpoRgy is estimated using:

@) Foy = 17 220,

ef
where S is the salinity and a reference salinf.=34.8Q following Aagaard and Carmack
[1989].

Applying (1) and (2) tomonthly velocity and salinityfrom the 2tyear simulation
results in volume and freshwater transpottet strongly resemble each othaswell asa
seasonal cycl¢hat is clearly governed by the seasonalitythe VSC (Figure7). Monthly-
meantransports aremall during spring and early summer, with a minimarvay in volume
and freshwater transpodf 0.2+0.15 Sv(1 Sv=16 m® s*) and 4.843.6 mSv, respectively
Transports increasa late summer/early fall to become maximum in December/January, with
monthlymeantransports of 0.85+0.30 Sv (26.4+11In8Sv). The averagevolume and liquid
freshwater transports throus over 2L yearsof NEMO simulation ard®.53 + 0.08Sv and
497+ 118km? a*, respectively.

Themean annudreshwater transport through \&counts fonearly half of the Kara
S e aa@irmmialriver runoff, and hence the VSC provides a significant amount of freshwater to
the western Laptev Seshelf and ®pe region.As shown above, transports vary seasonally
with maxima in late fallbut in additionfeature considerable interannual variabiliBrgure
8). The 2decaddong transport record suggests¥olume transport that peakslad Svdown

strait such asn late 2001 and in early 2005igEre 8), with occasional reversals.e. up-

10
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strait transpds). In high-flow years, maximum flow in peak transport months can be more
than twice the average transport. In {aw years, maximunflow may only be half as much
as the average.

The dominant baroclinic nature of the VSC explains the close resemblance of th
volume and freshwater transports (Fig8jeand hence considerable rgein the baroclinic
flow fraction. While only ~30% of the flow ppears to be baroclinic during low transports in
2004, a baroclinicity of >95% occurs in 2008 and 2@erall, theinterannual variability in
volume and freshwater transport is large enougblaga significantrole for the regional and

largerscale freshwatatistribution

c) Interannual transport variability and atmosphefarcing

The transports (Figur8a) havenegative anomalieduring several yearsuch as in
1990, 1993, 1998004, and 2010, with valudéisat are up to 0.2 Sv below average for several
months.Our modeled salinity/freshwater content anomaly fields during these years shows
considerably more fraswat er i n the western Kara Sea al
well as less freshwater in the northeastern Kara Sea along the Taymyr peninsula/@®ward
summer and fall (Figure )0 The correspondingrctic-wide NCEP [Kalnay et al., 1996ea
leved pressure patterns and the resulting wind fields over the Karasl@®aanomalously
northerly winds during each of these minimum transport periods, often accompanied by
enhanced easterly wind&igure 9b). These conditions favor thedvection of river war
towards the west, and at the same time a reduction af$hautflow. These results confirm
and expand om previous studyHarms and Karcher005, which described wineorced
blocking of the VS outflow in 1998 based ab-yearlong Kara Sea simulattn.

Blocking-favorable winds develop undr the influence of either a summaigh
pressure systerover the Barents and western Kara Seasl/or alow over the northern

Laptev Sea (Figur®). In the summer after gear with blocking conditions the runoff gets
11
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278 added to accumulated freshwatard sets up an enhanced northeastward baroclinic flow
279 along the coast in late summeavhich may explainwhy years with negative transport
280 anomalies are followed by years wigthhanced/olume and freshwater transports (Figuges

281 and9). The residence time for Kara Sea river waterbetween 2.5 yearfHanzlick and

282 Aagaard, 1980]and 3.5 year§Schlosser et al., 1994and considering thahe annual mean

283 modeledfreshwater transport tbugh VS is only ~half of the annual discharge from Ob and
284 Yenisey,t he f ate of a significant portion of
285 only wide opening is to the north between Novaya Zemlya and Severnaya Zemlya, which,
286 based on our resulgsxd previous simulations [Panteleev et al., 2007] is bounded by the strong
287 influence of the Barents Sea throughflow (Figure 1b) at least on climatological time scales.
288 For further insights into the Kara Sedernal conditions during blockirgears, we computed

289 summer volume and freshwater transports across all major Kara Sea openings IBigure
290 Volume transports in particular indicate a largeale effect of these blocking situations such
291 asin 1993, 1998 or 2004, when the largest transport reducfioesuty 0.5 Sv occured in the

292 Barents Sea opening and the northern Kara Sea. This is plausible considering that the
293 corresponding pressure systems (Fig)riavor an Ekman transport against the eastl then

294 northward flow of the Barents Seatflow. At the same time, the v through Kara Gate is

295 reduced.In contrast, both volume and freshwater transports acrosepéering between

296 Novaya Zemlyaand Svernaya Zemlya (Figur&l) are slightly elevated during blocking

297 years, which indicates that ~otterd (e.g. 1993 and 1998) of theegative freshwater

298 transport anomalexits through the northern Kara Seestead of V$ while the larger share

299 remairs in the Kara Sea. Overall, our simulations largely agree with previous studies
300 [Panteleev et al., 20p@nd highlight the importance of the narrow VS as the major Kara Sea
301 freshwater gateway.

302 The conceptof a simple (atmosphericalfprced) storageelease mechanisns

303 supported by two hydrographic creslspe transects across the presumed pathway of the VSC
12
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in the northern Laptev Sea along 126°E occupied during the-l#08king and 2005elease
years (Figures 1 for location; Figur#2). In 2004 salinities above the slop&ere
comparativelyhigf >30) , concurrent with an dutethdSs pher i
model outflow. In the following year, the waters were significantly fresher (~28),
representative of enhanced volume and freshwater transports in the simulation.
Meridional summer winds over the eastern Karaggeear tanfluence the variability
of volume and freshwater transport through VS. Therefore, we decompose monthly mean
reanalyzed SLP from 690°N into their principal componenty use of empirical orthogonal
function (EOF)analysisto identify the dominant modes of variability in Arcetmospheric
patternsand their relation with Siberian shelf procesSdse decomposition results in three
leading EOF modes, which explain 54.6 %, 12.5 % and 9.1 % of the variance in mean July
SeptembeBLP, similar to findings by Overland and Wang [201Dhe first mode is identical
to the Arctic Oscillationf[Thompson and Wallace, 199&nd describes the strength of the
polar vortex. The second highlightse Arctic Dipole Anomaly{Wu et al., 200 which
favors a transpolar circulation from Siberia todsrFram Strait. Both patterrsave tle
largest signals during winteand show no apparent correlation with VS transports.
Considering that river discharge and wihdven currents are maximum the open water
seasorand when sea ice is thin and mopikefind that the VS transportsest correspontb
the third mode (EOF3)This modeis slightly more pronounced during summer (9.1 %) than
winter (6.9 %) andlescribes a pressure pattern centered approximatetywhaglbetween the
New Siberian Islands and thdorth Pole (Figure 3), andwas previouslylinked with the
freshwater distribution on the Laptev Sea sfigihitrenko et al., 20059Bauch et al., 2011
PositiveEOF3patterns within the 199R2010simulationperiod coincidgalthough not
statistically sgnificant) with minimum modeled/S transports (Figue8 and9), such & in
1993, 1998, 2004, and 2010argerscale pressure systems are not necessarily stationary and

minor shifts may cause different winds in the topographically complex eastern Kara Sea
13
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which may in part explain the weak correlatioRarther, &erage summer winds are weak
andmay not prevent the establishment of a predominantly buoydnegn outflow with the

VSC. The mean summer SLP during anomalously positive patterns highligtyslane,

which leads to predominantly shoreward winds in the eastern Kara Sea andradoagvinds

in the Laptev Sea (FigureB)L Overall, the implications of cyclonic vs. anticyclonic patterns
are considerable for the distribution of Lena, Ob and Ygnigaters. Cyclonic conditions
block the Kara Sea outflow and favor eastward removal of Lena water, which enhances the
positive salinity anomaly in the northern Laptev Sea (Fig@yedbssibly supported by wind
driven onshelf transport of more salinesimawater The opposite occurs during anticyclonic
conditions, which enhance the accumulation of freshwater in the northern Laptev Sea due to
both a northward diversion of the Lena River plume and an unhampered outflow of fresh Kara
Sea waters through V8kely favoring an export of Siberian river water into theurasian

Basin

d) The further pathwayand observations iNilkitsky Trough

Upon exitingVs, the VSC encounters the complex topography/ ofwith its steep
slopes and strong gradients in water mass properties betaaganand Latev Sea shelf.
Along the Laptev shel€anyon edge, the modigaturesa topographicalhguidedVSC while
thesubsurface waters inside tb@nyonare influenced byecirculating Barents Seavater (not
shown) A high-resolution shelto-canyon transect was occupiedSaptembeR013 using an
underway CTD system (Rige 14). The entire transect is characterized by a sharp halocline,
separating the fresh 3&) surface waters from the more saline (>33) waters below 30 m.
Surface temperatures are highest (>3°C) on the shelf and low over the slope and canyon,
which is likely due to the presence of sea ice in and west of VS at the time of sampling.

The interiorcanyonwaters between 18850 m feature maximum salinities of 34.8

and temperatures around 0°C, characteristic for the water mass propertad thatBarents
14



356 Sea through the eastern side of St. Anna Trd&gihauer et al., 1997, Schauer et al., 2002,

357 Dmitrenko et al. 2014. Considering that the Barents Sea watme transported along the

358 Eurasian slope in the Barents Sea brgitldek et al., 1999Rudels et al., 200Bksenov et

359 al. 2011, it is plausibleto find that these waters followed the topography itite

360 dynamicallywide VT, where thecanyon widthof 50-80 kmis much larger than the first

361 baroclinicRossby Radiug~4 km, Nurser and Bacon [20)4]

362 Near the base of t he ischalineohbedomse vertical,pvbich i s ot
363 translates into a distinct boundary layer at the sfaperable for baroclinic flow The upper

364 50-100 m above the slope feature clearly depressed isohalines, which implies the presence of
365 enhanced amounts of freshwat@edtly above theslope. Geostrophic velocitigmsed on the

366 hydrographic structure imply surfag@ensified currents above the shelf edge as well as in a
367 thin boundary layer on the slope. A similar velocity structure was measured with & vessel
368 mountedADCP from a crosganyon transect in September 20Fgure 15). Maximum

369 alongcanyon velocities o5 cm s* were measured over the sowsitle of VT, suggesting

370 that the southern edge of VTirsdeeda regioncarryingwatersthat exitedthe Kara Sea in a

371 surfaceenhanced current.

372 The volume transport througWiT at this location amounts to 0.53 Swgsked on a

373 canyon width of 75 km, an average depth of 250 m, and averageadmyan velocities of

374 0.03 m &. This estimate may bHew, since the vmADCP misses thongest flow generally

375 found in theupper 20m, but provides a first observatidrased transport estimate frovT,

376 whichiscl ose t o NEMOOGSs thanspartalgechyddd@aphicardsscanyon

377  structurefrom 2011(Figure 15) is similar to the one measured in 201@th strong sheko-

378 canyon gradients andanyontemperaturesalinity-propertiesthat imply Barents Sea origin

379 (34.8, ~0°C). Overall, these observati@esfirm the existence of a current comiagt ofthe

380 KaraSeaand hencé end support to NEMOG6s phwwderimal |y p

381 the importancef the VT regiorfor the EurasiaslopeandBasin
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e) On the fate of the Kara Sea freshwater

The fate of ~500 kn? of freshwater exitingVS per yearis clearly of regional
importance but may alsampactthe largerscaleArctic freshwatedistribution To investigate
the impact of the VSC on the Arctic continental slope currents near the mouth of VT, we
extraced three transects from the mod#main 1) upstream?2) mouth 3) downstream of
VT (Figure16). Thecurrentspeed n t h e O utprsd mrseeaont amdswiftsiopea nar r
current, with maximum velocities below 1@®and only a weak surface signature. The slope
current originates from St. Anna Trough and carries Barents Sea water around the Arctic, and
was previously described in detail as the ASBB (Arctic Shelf Break Branch) by Aksenov et
al. [201]. Transect 2 stilshows the ASBB as a subsurface featwmed additiondy
highlights thesurfaceintensified VSCin the southwestern part of the transex it crosses
the slope and the outer edge of the northwest Lef¢avand canyomownstreami.e.east of
the canyn mouth(transect 3)the model shows a unified current, which continues along the
continentalslope as a combination of timearsurface VSC andhe subsurface ASBB. The
current now carrie®arents Seédranchwaterat depth andara Sea freshwaten the upper
layer, reflected by a (60 m) freshwater content that is on average ~75% larger in transect 3
compared with transect 1.

Aksenov efal. [201] previously suggestetthat nerly 80% of thiscurrent propagates
along the continental slopato the western Arcti¢c which (if these results holoh reality)
would make it a primary pathway for Siberian river water into the Canada Basin and toward
the freshwater storage tgm of the Beaufort Gyr¢Proshutinsky et al., 2009 The
contribution from Eurasian Rivetso t he Canada Basiigeétimatetd@t eor i
be as large as 70%ramamoteKawai et al., 2008; Carmack et al., 2p08lthougha clearly
defined pathway along the Eurasian slope has not been obseespike dhumerous

expeditions im the ArcticOceanin the recent decades. One explanation mathhtusual
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sampling strategy in larggcale surveycould easilymiss a narrow wrrent such as the one
described hereA similar current along the Beaufort Sea slope with horizontal scales1® 10
km was observed withydrographic observations [Pickart et al., 2004] artdghresolution
mooring array[Spall et al., 2008Nikolopoulos et al. 2009] which provides an exdlent
example for the benefits of finecale samplingThe 2013 crosslope UCTD transects
resolved the shelf break region with a maximum horizontal resolutior6dtr8 near113°E

and 116°E (Figure 14). Both transectsesolve a front located in a narrow band between the
slopeward edge of th&armer Barents Sea branghvaterand the slopemost pronounced
below 100 m depthsotherms are vertical in the front, with horizontal temperature gradients
of up to 2°C overless than10 km. These transects highliglat density structuréhat is
favorable for maintainng a geostrophic baroclinicldw along the continental slopas
suggested by the model, andderline theneed for morenodernsampling strategies that

allow betteresoltion ofthesenarrow fronts

4) Discussion

The aim of this papes to characterie the VSCincludingits transports andariability
on seasonal and interannual tirseales andwe thereforeprovide only limited insights into
processes that occur shorer (tidesto storms) time sdas. On seasonal scales, the VSC is a
stable current thafin the model)steadily flows from the origin in VS all the way into the
Canada Basin. Howevalongits paththe VSC experiencesudden topographic changssar
the mouth of VT(see kgure 1)where it is also exposed fastpropagatingArctic storms
both conditionswhich arefavorable for generatingbarotropic and bawminic instabilities
Instabilitiesin a buoyant currentan generate eddies whiatay transportsome of theKara
Seafreshwaterinto the Eurasian Basiand potentiallymodify our conclusions gained in this

paper and should therefore be subject to future investigations.
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Seaice-ocean models including the one used in this study generally do not correctly
implement landfast ice (LFI) [Proshutinsky et al., 2007], which might affect certain aspects of
the coastal ocean circulation. For instance Itkin et al. [2015] discusseeoenses of LFI
on brine formation and river water pathways in the Laptev Sea based on a simple LFI
parameterization in eegionalcirculation model. Kasper and Weingartner [2015] investigated
the effect of LFI on a river plume along a straight shelf sascthe Alaskan Beaufort Sea with
an idealized modelThey found that introducing LFI enhanced vertical mixing due
to frictional coupling between ice and river plued resulted in a subsurface velocity
maximum and a seaward displacement of the pluloarson et al. [2012, hereafter J12]
implemented LFI in a model by not allowing sea ice to move from NoveMhbgrin regions
shallower than 28 m, anidund an ice thickness decrease in parts ofSierian shelves
(most noticeable between the eastern Lapted the western Chukchi Sesgdlative to a
control run without LFI J12 explained their findingsy slower (thermodynamic) ice growth
becausé.Fl inhibits ice ridging and deformation

Since significant parts of the northeastern Kara Sea are covered Iy Wwhiter and
spring[Divine et al. 2004], we investigated the previous model results frormJh2re detall
in order to obtain qualitative insights regarding the role of LFI\W# transports. We
compared the volume and freshwater transportg¢3rfrom bah experiments (LFI and the
control run) described in J12, and found only marginal differences in the volume transports
(2% in summer Junr®ctober,<1% from Decembdfarch). Freshwater transports were 11 +
7% larger in summeifall (JuneOctober), and 15 + % smaller in the wintespring
(DecembetMarch) with an implementation of LFI, thus the seasonal cycle of the transports is
reduced in the LFI simulationhe LFI parameteraion in the model inhibited ice export in
theEastern Kara Sea (predominantlyrtheeastwardowards the Nansen Basin in the control
run), increasing ice divergence and open water at the outer LFI edge. The effect &l

parameterization was such theg production and salt fluxes winter and spring were
18



459 moderately reducedearthe LFI-coveredcoast but greatly enhanced at the outer LFI edge,
460 thusoverall reducing VS freshwater transport in the LFI rifdhile we cannot necessarily
461 expect a realistic representation of LFI with a simple parameterization, this comparison
462 indicatesthat the absence dfFI on the southern Kara anidaptev Sea shelvesioderately

463 increases the uncertainty in our resulithough itis not detrimental for the presented
464 conclusions.A more physical representation of LFI should be considered in futurelmod
465 studies.

466 Tides are not implemented in our study, attbcaughtides are generally small in the
467 Arctic [Padman and Erofeeva, 2Q04ome shelf regions such as the Laptev Sea feature
468 substantial tidal currentwith the potential tornicreasevertical mixing [Janout and Lenn,
469 2014. A similar conclusion is reached Imyodel stuéesregarding the role of tides on Arctic
470 hydrogrghic properties [Luneva et aR015] which foundindications for enhanced tide
471 induced mixing manifested bgolder and freshebottom watersn parts of the Kara Sea.
472 However, tidl currentsareweakalong thenortheastern Kara Sea coast andUB€ pathway

473 in VT [Padman and Erofeeva, 200#id north of the Laptev S¢Rnyushkov and Polyakov,
474 2017 and likely would not noticeably affect the properties of the VSC. Theref@expect

475 that our conclusions regarding the pathway of the VSC and the Siberian freshrgatet

476 substantially biased by neglecting the tides

477 Our results suggest that a camhesiable portion of the Kara Sea freshwater enters the
478 Laptev Sea and Eurasian continental slope region in a pronounced Sotéas#ied current,

479  which strongly varies on seasonal and interannual time scales. The estimated 2500 km
480 only account forthe liquid freshwater portion, while an additional peftthe Kara Sea
481 freshwatemrmay leave the shelf as sea ice. However, the Siberian shelves are vafieand
482 ice-free duringrecentsummes. Satellite-based studies showed that sea ice formed in the river
483 plume near the Lena Delta region is not exported into the Basin but rather melts on the shelf

484 [Krumpen et al.,, 2033 which supportsthe assumption that the majority of freshwater is
19
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exported m its liquid phase, at least in the Laptev 9¢aan nodeltbased Kara Sea ice export
estimatesare 220 kma* [Kern et al., 2005]althoughthe recent advances to remotely sense
seaice thicknessnayallow more robust ice volume flux@sthe future

The VS freshwater transport aloneomputed as the freshwater anomaly relative to a
salinity of 34.8[Aagaard and Carmack, 1983omprises~30% of the Pacific freshwater
inflow through Bering StraifWoodgate et al.2017. However,our estimate is lowsince
additional smalleexportpathwaysthrough the Severnaya Zemlya islaradswell as sea ice
exportwere not consideredrurther, the model uses climatological mean river dischH&ge
and Trenberth, 200J2and doesnot considerobservedtrends or interannual variability in
runoff [Peterson et al., 2002]These, however, are smglD(10%)) compared with the
atmosphericallycontrolled VS freshwater transpoviariability (O(50%)). The Kara Sea
outflow is regulatedby pressure patterns thaay simulaneously affect the distribution of the
Laptev Sedreshwater Figures9 and13 indicate that onshore winds in the Kara $ksk the
VS outflow, while alongshore winds near the Lena Delta export freshwater into the East
Siberian Sea. Thisnplies that largerscale pressure systems during summer prayarily
control the distribution andf at e of t hree of Mdison et a. 2018 6 s |
observed an increase in Canadian Basin freshwater along with a decrease in Eurasian Basin
freshwaterwhich they attributed to alterations in the pathways of Siberian river runoff under
varying AO conditionsSimilarly, Steele and Ermol2004 linked decadal salinity trendsn
the Siberian shelves to the A®arteleev et al. [2007] relatemoderately elevated VS
transports in their assimilation model to anomalous westerly wiowds the Kara Sea
prevalentduring positive summer AO conditionk contrast, thenterannual variabilityin
Arctic Ocean freshwater storage recent decadegoesnot noticeablyrelateto the AO, but
rather correspond® changes irregional wind and ocean circulatigRRabe et al., 2014

Similarly, our VS transports showo obvious relationshigiith summer or winter AO, which
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indicates that, as earlier studies suggt[Bauch et al., 20]1regional conditionslominatethe
Siberian freshwater pathways

The open water seasacrucial inshaping the hydrographic conditions, as this is the
time of the yearof maximumriver dischargebaroclinic flows developand wind stress
impars advection and vertical mixing he recenyears were characterized fygezeupsthat
were delayed well into October, whidbaves the oceanndera prolongedand stronger
influence of fall sbrms. A continuation of this trendight potentiallyalterthe predominantly
baroclinicstructure of the VSC and enhance syneptale horizontal and vertical freshwater
dispersion, which makes the pathways and distribution of Siberian freslugptsrding more

on the local variability of the wid patterns and less on the continental freshwater discharge.

5) Summary and conclusion

This papercharacterize the Vilkitsky Strait Current (VSCincluding itsvolume and
freshwater transpatand their seasonal and interannual variability basedvegilaesolved
(=3 km) numericalmodel (NEMO) complemented by recent shipboard observations. The
surfaceintensified 10-20 kmwide VSC is the continuation of thevariable West Taymyr
Current in the eastern Kara Saad theprimary pathway to carry river roff from the Kara
Seathrough Vilkitsky Strait(VS) and subsequentlyag Vilkitsky Trough(VT) and the
continental slope along the Laptev Sea (FighteéSome recenshipboardsurveysfrom VT
across the presumed VSC pathvempalitatively confirmthe existence oénhanced flow and
lower salinity waters over the southern canyon slope (Fsgl4eand 15), although a direct
comparisorwith model results is not possible due to fowerlapping time periodS.he VSC
is strongesiduring OctobeiMarch and nearly recedes from Apdilly (Figures5-7), with
annualmeanvolume and freshwater transpastof 0.53 + 0.08 Sv and 497 + 118km &,
respectivelypased on 21 year simulationThe VSC ispredominantlyouoyancydriven, with

a fraction of baroclinic to total flow that varies from ~50% in spring to ~90% in fall.
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Strong interannual VSC transport variability is explained bya storageelease
mechanismwhich isdominated byatmospheng pressure pattesrduring summer(Figures 9
and 13), when winds have the maximum impact on tiver plumedistribution Minimum
transports occur, whamortherly or nortkeasterly windslue to a low pressure system north of
the Laptev Searevent the alongoast spreading dfeshwater and block the outflow thugh
VS. The blocking accumulates freshwater on the shelf, whitteisreleasedn the following
year when the next pulse alinoff gets added and setp an alongshore baroclinic flow
towardVS. The sameattern causs westerly winds over the Laptev Sednich thenfavors
the removal of Lena water towards the East Siberian &ebgverall strengthema positive
salinity anomaly in the northern Laptev SE&urel3).

The model suggests that upon arrival at the canyon mouth, the VSC merges with the
Barents Sea Branch of tiRectic Boundary CurrenfFigure16), and subsequently follows the
Eurasian contiental slopeinto the Canadian BasirThe interaction betweenthese two
baroclinic currents is not understood and requires a closer investigatioese results hold,
the VSCwould bea primary pathway forSiberianriver watertowardsthe Beaufort Gyre
freshwater storage system, amdould henceimpact Arctic freshwater distribution Our
conclusionshereare mainly based on lortfgrm mearmodelresults.Theseare qualitatively
supported by the few obserwats that exist from this region thatdsaracterized bgomplex
bathymetry ¢traits, submarine caron, steep slopes)nultiple contrasting water masses
difficult sea ice conditionsand the largest river discharge to be found in the Argie
measurements psented in this paper underlititee need for modern sampling strategies
better resaole fronts and baroclinic currentsegional features thabccur on small enough
scales to be missdiy classic largescale surveysbut whichmay explainmissing links in the
Arctic Ocearsystem

Clearly, further steps have to be taken to investigate thmlitsteof the VSC and

associated freshwater fluxes to obtain more reliable budgets and, perhaps more importantly, to
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identify Ahotspotxatt hewwhehel edd§ fteaeskbwater
Eddy fluxes are assumed to supply the Art¢tadocline waters as well as to provide the
potential energy needed to drive the cyclonic boundary current [Spall, 2013], and the only
way to investigate these furthés by use of higkresolution numerical models, ideally

supported by highesolution yearound measurements.
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8) Figure captions

Figure T a) Map of the Arctic Ocean, the dark shading highlights the shallow shelf areas
(<200 m), the box indicates the boundaries of panehdy) of the Kara and Laptev Seas
region. Shading separates depths deepey)(@nd shallower (white) than 200 m from the
International Bathymetric Chart of the Arctic Ocean (Jakobsson et al., 2D@8pm into the
Vilkitsky Strait (VS) and Trough(VT) region. Colored lines and dots show transect locations:
VS modeltransect (magentaRV Polarstern2011 VT-transect (bluedots), 2013 UCTB

transect along 113°E and 116(ted dots), and the 126’RABOS-transect (blue line).

Figure 2 Monthly climatological river discharge rates*(st) from the three largest Siberian
rivers, computed from ArcticRIMS runoff data from 193800 including the standard

deviations for Lena and Yenisey.

Figure 3 Mean surface (A0 m) salinity in September 2013 sampled with an Underway CTD
during Transdrift 21. Note that all salinity values are capped below 21 and above 33,
minimum salinities wereas low as 6 psu near the Lena Delta. The dominant freshwater
sources are indicated with blue arrows (Lena and Khatanga Rivers, as well as the Kara Sea
outflow). Depth contours show the 20 m, 50 m, 100 m, 200 m, and 1000 m isobaths. The
dashed line in theamthwest Laptev Sea indicates a boundary between Kara Sea waters in the
northwest, and Lena waters based on salinity and neodymium measurements (G. Laukert,

unpublished data).

Figure4: Mean (199€2010) October a) surface and b)mGcurrent speed from NE®I (m s

1).
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805 Figure5: Monthly mean velocities across Vilkitsky Strait versus depth from NEMO 1990
806 2010).The righthand of the transect (km 0) is the south side (i.e. the Laptev Sea side), flow
807 toward the Laptev Sea is into the page. Black dots in Novepdresl indicate model grid

808 points (see Figure 1 for location).

809 Figure6: Same as Figurgexcept for salinity.

810 Figure 7: Monthly mean (top) volume (Sv) and freshwater {kmonth?) transport through
811 Vilkitsky Strait from NEMO (199€2010) and (bottom) mea(0-60 m) total (black) and
812 geostrophic velocities (grey) computed from the NEMO density structure. Vertical bars

813 denote one standard deviation.

814 Figure8: Modelbased: (agnnual means of volume (blue, [Sv]) and freshwater transport (red,
815 [km?®year']). (b) monthly mean volume (blue) and freshwater (red) transportsacoglinic
816 flow fraction in Vilkitsky Strait, i.e. the fraction of geostrophic vs the total velocities in the

817 upper 60 m.

818 Figure9: a Volume transport anomaly through Vilkitsky Streasedon NEMO 19962010,

819 x-ticks mark January of each year) WCEP summer wind components over the eastern Kara
820 Sea (white star in panél 1 9 9 3 0, a v e r-Segtenber(t) proncipal Tamponents

821 from the third leading EOF decomposed from JAS sea levespre (6690 °N). (9 Summer

822 (JAS) SLP distribution during years characterized by strong negative transport anomalies

823 through Vilkitsky Strait, indicated by green starghemiddle panel.

824 Figure 10 Maps of simulated Kara Sea freshwater content differem) between the

825 summers of : 2)1993 minus 1994; b) 1998 minus 1999; and c) 2004 minus 2005.
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Figure 11 a) Volume (Sv) and b) freshwater (mSv) transport anomalies from NEMO

computed from Jun®ctober averages across all major Kara Sea gateways. The colors
indicate the boundaries as shown in the small map (blue: Vilkitsky Strait; green: Kara Gate;
red: Franz Josef Land (FJL) to Novaya Zemlya (NZ); black: FJL to Severnaya Zemlya (SZ);

magenta: Shokalsky Strait; cyan: NZ to SZ.

Figure 122 NABOS salinitytransects along 128 during the summers of 2004 (left) and
2005 (right). Note the comparatively high salinity (low salinity) in 2004 (2005) during
negative (positive) freshwater transport anomalies in Vilkitsky Strait. See map Figure 1 for

location.

Figure 13: top) The black contours indicate ttierd largest mode of variability, based on an

EOF analysis of Arctic Ocean (latitude >60°N) summer (JAS) NCEP sea level pressure from
19482013. This pattern corresponds to a blocking situation of the VSC dunshore winds
(indicated by arrows) over the eastern Kara Badingto negative anomalies in Vilkitsky

Strait volume and freshwater transport. At the same time, winds are zonal over the southern
Laptev Sea, leading to an eastward diversion of the Lerexr Rlume. Overall, this situation

|l eads to positive salinity anomal i ekoxes,n t he

and to negative salinity anomalies in the Kara and the East Siberian Seas.

Figure 14: Crossslope temperature (°C; a, c¢) analisity (b, d) underwayCTD transects
from September 2013 along 1B (a, b) and 116E (c, d) (see map for location) versus

distance (km). Dots at the bottom of the panels indicate station locations.

Figure15: Figure 15 Crosscanyon CTD and vmADCP traact carried out bRV Polarstern
in September 2011. a) salinity, b) temperature @@rlaid by density contours (kg3 c)
vesselmounted ADCP velocity (ms positive eastward mall insertmapin b) shows the
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location of CTD stations (blue dots) and ADCP transect (red line). Black dots in a) and b)
indicate station locationslhe black shading indicates the alemgck bottom topography,

extracted from IBCAO (Jakobbson et al., 2008).

Figure 16: Current speed (rg?) in three modetbased example transects from January 2004
showing the merging of the Barents Sea branch with the Vilkitsky Strait Curemer panel

shows the location of the three transects.
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Figure 1. a) Map of the Arctic Ocean, the dark shading highlights the shallow shelf areas
(<200 m), the box indicates the boundaries of panehdy) of the Kara and Laptev Seas
region. Shading separates depths deepey)(@nd shallower (white) than 200 from the
International Bathymetric Chart of the Arctic Ocean (Jakobsson et al., 2D@8pm into the
Vilkitsky Strait (VS) and Trough(VT) region. Colored lines and dots show transect locations:
VS modettransect (magentaRV Polarstern 2011 VT-transet (blue dots), 2013 UCTD
transect along 113°E and 116(ied dots), and the 126RABOS-transect (blue line).

39



870

4 River Discharge Climatology,1936-2000

10X10 I I T I T I

Lena :
—e—Yenisey| ...
-=--0Ob :

Qo
I

River discharge (m3 3'1)

871
872 Figure2: Monthly climatological river discharge rates*gt) from the three largest Siberian

873 rivers, computed from ArcticRIMS runoff daflmm 19362000 including the standard
874 deviations for Lena and Yenisey.
875

40



September 2013: Surface Salinity (0-10 m)
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876
877 Figure 3: Mean surface {D0 m) salinity in September 2013 sampled with an Underway CTD

878 during Transdrift 21. Note that all salinity values are capped below 21 and above 33,
879 minimum salinities were as low as 6 pswear the Lena DeltaThe dominant freshwater

880 sources are indicated with blue arrows (Lena and Khatanga Rivers, as well as the Kara Sea
881 outflow). Depth contours show&h20 m, 50 m, 100 200 m, and 1000 m isobaths. The

882 dased line in the northwest Laptev Sea indicates a boundary between Kara Sea waters in the
883 northwest, and Lena waters based on salinity and neodymium measurements (G. Laukert,
884 unpublished data).
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Figure5: Monthly mean velocities across Vilkitsky Strait versus depth from NEMO ¢1990
2010).The righthand of the transect (km 0) is the south side (i.e. the Laptev Sea side), flow
toward the Laptev Sea is into the page. Black dots in Novep#dresl indicate model grid

points (see Figure 1 for location).
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Figure7: Monthly mean (top) volume (Sv) and freshwater {knonth?) transport through
Vilkitsky Strait from NEMO (19962010) and (bottom) mean-@D m) total (black) and
geostrophic velocities (grey) computed from the NEMO density steictartical bars
denote one standard deviation.
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Figure8: Modelbased: (a) Annual means of volume (blue, [Sv]) and freshwater transport
(red, [kn? year']). (b) monthly mean volume (blue) and freshwater (red) transports. (c)
Baroclinic flow fraction in Vilkitsky Strait, i.e. the fraction of geostrophicthe total
velocities in the upper 60 m-ticks markJanuary of each year.
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Figure9: a) Volume transprt anomaly through Vilkitsky Straitased on NEMO 199201Q
x-ticks mark January of each yeén NCEP summer wind components over the eastern Kara
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from the third l@ding EOF decomposed from JAS sea level pressur@(q60!). (9 Summer
(JAS) SLP distribution during years characterized by strong negative transport anomalies
through Vilkitsky Strait, indicated by green starghemiddle panel.
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926 Figure 10 Maps ofsimulated Kara Sea freshwater content difference (m)destihe
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Figure 11 a) Volume Bv) andb) freshwater (mSv) transport anomalies from NEMO
computed from Jun®ctober averages across all major Kara Sea gatewdne colors
indicate the boundaries as shown in the small map (blue: Vilkitsky Strait; green: Kara Gate;
red: Franz Josef Land (FJL) toMaya Zemlya (NZ); black: FIL to Severnaya Zemlya (SZ2);
magenta: Shokalsky Strait; cyan: NZ to SZ.
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941 Figure 122 NABOS salinity transects along 12698ee Figure 1 for locationjuring the
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Figure B: top) The black contours indicatldthird largest mode of variability, based on an
EOF analysis of Arctic Ocean (latitude >60°N) summer (JAS) NCEP sea level pressure from
19482013.This pattern corresponds a blocking situation of the VSC due ¢oshore winds
(indicated by arrowsdver the edaern Kara Sedeadingto negative anomalies in Vilkitsky

Strait volume and freshwater transport. At the same time, winds are zonal over the southern
Laptev Sea, leading to an eastward diversion of the Lena River plweeall, this situation

leads to posive salinity anomalies in the Laptev Sea, as indicated by théS+#al- boxes,

andto negative salinity anomalies in the Kara and the East Siberian Seas.
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