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Abstract. Eurasian Rivers provida quarteof total freshwater to the Arctic, maintaining a persisténesh layer that covers
the surface Arctic OcearThis freshwater export controls Arctic Ocean stratification, circulation, and-bédénsea ice

concentrationThe Lera-RiveLena Riversupplies the largest volume of runoff and plays a key role in ystes, as runoff
outflows into the Laptev Sea as a particularly shallow pluhmés—freshwater-expert-controls-Arctic-Ocean-stratification,
eiredlation—and-basHwvide-seatearea-Previous irsitu and modelling studies suggest that local wind forcireygsmary
driver of variability in Laptev sea surface salinity (S88) there isith no consensusrerer the roles ot-enra-rivetena River

discharge and sea ice cover in contributing to this variakitityn the dominant driver of variabilitWntil recenly, satellite
SSS retrievals were insufficiently accurate for use in the Ardtie-te-the-lew-sensitivity-of the-lhand-signat-they-utilise-in
eold-waterand-challenges—of retrieval-near-seaHuoavever, retreatingea ice cover and continuous progressatellite

product development have significantly improved SSS retrievals, giving satellite SSS data true potential in the #istic.
region, Satellite-based SSS is found to agree well witksitu datan-thisregion(r > 0.8) and provides notabiimprovements

compared to the reanalysis product used in this study (r > 0.7) in capturing patterns and variability obsesieddata

This studydemonstrates a novel methoeust

andreanalysis-preducts identifying the dominant drivers of interannual variability in Laptev Sea dynamits reanalysis
products and testing if these relationships appear to haltéllitebased SSSea surface temperature (S8aja and irsitu

observationsS

in-situ-dataThe satelliteSSSdatafirmly establishesvhatis suggested by reanalysis products and \hatpreviously been

sulject to debatelue tothe limited years and locations analysed witlsitn data: thatthe zonal wind is the dominadtiver
of offshore or onshoreena-rivet.ena Riverplume transportThe eastward wind confines the plume to the southern Laptev

Sea and drives alongshore transport into the East Siberian Sea and westward wind drives offshore plumenteatieport
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35 northern Laptev SedThis finding isaffirmed by thestrong agreement in SSS pattemmder easvard and westward wind
regimesin all reanalyses and satellite produagt®d in this studyas well as with irsitu datasndereatsvard-and-westward
wind—+egimes The pattern of SST also varies with the zonal wind comperst drives spatial variability in sea ice

concentratioarea Fhe strong-correspondence betweenlarge-scale-and-local zonal wind-dynam Ad-the-key-role-of SSS and
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Key Points:

1 The zonal wind component is the dominant drivekafarivetena Riverplume transport, with strorggreement
patterrs acrossallin satellite and reanalysisasedsea surface salinitfSS) sea surfaceemperatur¢SST)and
produetssea ice concentratidi$1C) products

1 Theeastward wind confines the plume to the southern Laptev Sea and drives alengsisport into the East
Siberian Sea and westward wind drlves offshore plume transport towardstthannhaptev Sea.

1 _Pa Ehere is no evidence
thatcumulatlvespnrq summer or annuaJena Rlverrunoff playsa notable role in controllinipterannuabkurface

plume transport

1 Introduction:

at exchange

ice barrier

e-of decadal

y-with [Field Code Changed

Fhe-eDramatically warming Arctic surface air temperatures haseadyaltered Arctic atmospheric circulation abgbught

causedcean warming, an intensification of the hydrological cycle, snow and ice melt, and increasgsimoff(Overland [ Field Code Changed

and Wang, 2010; Prowse et al., 2QIB)ese changes have the potential to drive enhanced stratification with indreases

freshwater input (in the form of runoff and precipitation), or increased mixing (with the loss of sea ice and resuléism@cre

atmospher@cean heat and momentum trans{#?)CC (Intergovernmental Panel on Climate Gg)n 2019) Understanding [,:iem Code Changed

the interplay between these changes is crucial for predicting the future state of the Arctic system.

11 Laptev-Sea
The Laptev Sea, within the Eurasian Ar¢fitcgurelFigurel), provides an ideal réan to study the interactions between these [ Field Code Changed
changesgadue to it beingg-—v—e—a hatspob af Arctic warming, sea ice loss, and increases in river rmafiheva and [,:iem Code Changed




75 Golubeva, 2022; Stadnyk et al., 202Changes in this region will likely have considerable influence on the wider Arctic as
the Laptev Sea is a key region of Arctic sea ice production and dominanbetotto Arcticwide thermohaline structure,

including to the surface Transpolar Drift and to the Beaufort Gyrlenson and Polyakov, 2001; Morison et al., 2012; Reimnitz { Field Code Changed

et al., 1994; Thibodeau et al., 201Fhe combination of these changes will also have considerable local impacts, including

by increasing coastal erosion, altering nutrient availability and primary producfiityls et al., 20; Nielsen et al., 2020; [Field Code Changed

80 Paffrath et al., 2021; Polyakova et al., 2021) [Formaned: English (United Kingdom)
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LOCEAN SSS September mean over 2010-2020

Figure 1: 20102020 LOCEAN SMOSsatellite mean September SSS with GEBCO bathymetry contours for 20m, 50m and 500m
overlaid in blue with mean 20162020 ERAS5 June-SeptemberAugust wind vectors overlaid over the ocean. The inset in the top right
corner depicts Arctic wide GEBCO bathymetry and the location of this region within the wider Arctic in red.
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The Laptev Sea primarily receives runoff from thesa-RverLena River the largest river in the Arctic, which outflows as a

particularly shallow plume due to the very shallowd(®) nature of the Lena DejtAre and Reimnitz, 2000)-era-RiveLena [ Field Code Changed

River freshwater dominates the spatial pattern of Laptev sea surface sali&®y é®d is the main control on stratification in

this region(Janout et al., 2020) ena runoff isvery seasonalwith very low flow throughout the winter, when thena [Fiew Code Changed

90 RiverLena Riveris partially frozen, and a strong peak between May and fhilweving the melt of snow and land ice

(Shiklomanov et al2021; Wang et al., 2021@ther rivers in this region, including the Khatanga, Olenyok and Indigirka, also [ Field Code Changed

contribute freshwater to the Laptev but atbmbinedprovide afive timessmaller contribution than the Lef@asternak et al., [ Field Code Changed

2022) Kara Sea frestvater can also contribute riverine freshter to some dhewestern and northern Legy shelf via the

Vilkitsky Straight but contributions vary considerably interannually and are typically only a small component of the overall

95 makeup (<25%)(Janout et al., 2020, 20153ea ice melt also primles freshwater to the Laptev Sea but has a negligible [Fiem Code Changed

impact in summer/autumn as the freshwater contribution from sea ice melt is several orders of magnitudes smaller than the
contribution from theé-era-+ivetena River(Dubinina et al., 2017).

LaptevSea surface freshater is typically characterized by eastward (cyclonic) circulation and weak tidal infl(feafoeova [ Field Code Changed

100 et al., 2014; Timokhov, 1994This fresh surface layer exhibits considerable interannual variabiiitying in meridional

extent by over 500kpandhas been widely studied usingsitu data andgnodel outpufAnderson et al., 2004; Dmitrenko et [ Field Code Changed

al., 2005, 2008; Fofonova dt,&2014; Janout et al., 2020; Osadchiev et al., 20219 shallow Laptev shelf (depth ~28m) [ Formatted: ~English (United Kingdom)

is mostly controlled by wind forcing and bottom frictjcend the strong stratification on this shallow shelf prevents a full

Ekman spiral from developing aradigns the surface curren#5 degrees to the right of the wigimitrenko et al., 2005; [Field Code Changed

105 Kubryakov et al., 2016; Osadchiev et al., 2021; Zhuk and Kubryakov, 2824mer precipitation and sea ice melt contribute

significantly less freshwatehan rivers and are only suggested to provide a minimal direct contribution to altering summer

SSS(Dubinina et al., 2017)River dischargevariability has also been suggested aseaeondardriver of fluctuationsin [piem Code Changed

freshwater content and plume structyidornerDevine et al., 2015; Umbert et al., 202Hpwever,whilst there is general [Fiew Code Changed

ageementhat wind forcing ismere-widely-suggested-te-be-ghdominant driver of variability on the shethere issome

110 debate as to the role of river dischaigecontrolling plume variabilitDmitrenko et al., 2005; Osadchiev @t, 2021) [Fiem Code Changed

(Bubinina-etal-—2017) [ Field Code Changed

Whilst Lera-rivetena Riveiwater typically remains ithe Laptev Sea for-3 years, its longeterm fate exhibits considerable
variability as it can be transported out of the Laptev Sea either northward into the Transpolar Drift or eastward towards the

115 Beaufort Gyrg(Bauch et al., 2013; Johnson and Polyakov, 2001; Paffrath et al.,. 2@2@¢scale atmospheric circulation [Field Code Changed

{and the Arctic Oscillation Index (AO})and the initial transport of the fresh layee been suggested as thain contraé

on its eventual transflohnson and Polyakov, 2001; Morison et al., 2012) [Field Code Changed
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A Salinity
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Field Code Changed

Field Code Changed

(
(
(Field Code Changed
(

Field Code Changed

) WL )

In the Arctic,in-situ measuremes of salinity have long begrarticularlysparse and infrequent due to the persistent sea ice
cover thatestrictsaccess throughout most of the year. Satellite 888d-provéas the potential to be @amvaluabletool as

salinity is the dominant driverfaensityat high latitudesand plays &ey role in controlling transport around the Arctic
However, sea ice and the low sensitivity eband signal in cold watdrashistorically madesatellite SSSetrievals at high
latitudes a challengeRecent progrses in satellite product development has considerably loweredblgiaver 0.15 pss

compared to ifsitu data in the Arctidncreasingconfidence in acquisitions and making satellite SSSalatduable resource

for Arctic studieg(Fournier et al., 2019; Supply et al., 202B)addition, retreating Arctic sea ice cordrapid atmospheric [ Field Code Changed

warming increases the spatial cover of satellite based SSS measurements. Whilst SSS retrievals at high latitudes still have
larger uncertaintieeelative tothe rest of the globe, previous ke have shown that accuracy is sufficietat captureregions

with sharpSSS gradientsuch-aand demonstrateits potential for looking aEurasiarriver plumegKubryakov et al., 2016; [ Field Code Changed

Olmedo et al., 2018; Supply et al., 2020; Tang et al., 2018; Zhuk and Kubryakov, 282Baptev-Sea-provides-an-ideal
: e e : : ivtena Rivereutilows-as—alarge—veryfresh,

Thesatellite and reanalysgroducts used in this study are descrildedection 2This study therestablishes thaeanalysis

and satellite productsianage taaptue theinterannual variability in Laptev SS&served in irsitu datain section 3The

dominant drivers of this varialitiy are then investigatagsing GLORYS12V1includingthe contribuibn of Lena Riverunoff

andof local and Arctiewide atmospheric forcinip driving these patterns of variabilityhe findings of this analysis are then

tested usingsatellite SSS dataA similar analysis isalso conducted withsea surface temperatu(6ST) and sea ice

concentration(SIC) data tounderstanccommon andliffering drivers of variability and how the components of this system

interact.



150 2 Data and Methods

2.1 Data Products

2.112 Reanalyses

The 1/12 degree CMEMS GLORYS12V1 reanalysis (hereafter referred to as GLORYJLéNdyche et al., 2021¥ used [ Field Code Changed

as a comparison dataset alongsideSMOS/SMAPRP-and-CGhtelliteproducts over the common observational periods (since

155 2011/2015) in this region. This reanatyss chosen for its gabrepresentation of Arctisea-iceconecentrati®iC and its

previous application to salinity variability in the Subpolar North Atlantic and A(&ito et al., 2022; Hall et al., 2021, [Fiem Code Changed

Lellouche et al., 2021; Liu et al., 202%pr consistency with the satellite SSS products, the GLORYS12V1 reanalysis is,re[ Formatted: English (United Kingdom)

gridded onto a 0.25° grid for comparison withsitu data{glorys—rg)

160 Four ¥ degreeeanalysisproducts are also

validated against isitu data for comparison with GLORYS12\(Masina et al., 2017)These inclu e [,:iem Code Changed

reanalyses—ineludingGLORYS2V4 from Mercator Ocean, ORAS5 from EQMW, GloSea5 from Met Office, and-C
GLORSO05 from CMCC.

“ 4[ Formatted: Normal

165 E C MWF 8 geneBation reanalysis of global weather and climate (ERAS) monthly eastward and northward turbulent surface
stress is used tioelp assesshe main drivers ofaptev Seadnterannual variabilitydentify-years-of anemalous-eastiwest and
nerth/seuth-wind-sass(Hersbach et al., 2020Jhe monthly mean NCEI Climate Prediction Center (CPC) Arctic Oscillation
Index (https://www.ncei.noaa.gov/access/monitoring/aogl$® used to relate local eastward wind stress patterns to larger

scaleatmosphericirculation.

170 — [Formatted

2.121 Satellite data

To validate and identify strengths and weaknesses of satebied SSS measuorentsover the Laptev Sedhis study uses

two SMOS and two SMARnonthly products whichare described beloTable 1). :Higher temporal resolutiosatellite [,:iem Code Changed

products were considered for analysis boinparison with irsitu data sggestedheydo not notably improvecorrelations

175 with in-situ data Therdore, theseresultsdo not justify their use over monthly products.

Table 1: Satellite sea surface salinity productsised in this studyand their start and end dates, and native and used temporal and [ Field Code Changed

grid resolutions
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SSSProducts Start_date | End_date | Native Temporal | Native Grid «{Formatted: Font: Bold )
useq used temporal resolution | gridspatial resolution ( Formatted Table )

resolution used resolution useq ) [Formaned: Font Bold ]
- - R R ) [Formatted: Font: Bold ]

L3 LOCEAN|2010-06 |201912 | Monthly Monthly | 25km EASE | 0.25° (Formated: _Font: Boid )

SMOS Articvl.1

L3 BEC SMOS| 201101 201912 3day Monthly 25km EASE 0.25°

ARCTIC+ v3.1

L3 JPL SMAP v5 | 201504 202-01 Monthly Monthly 0.25° 0.25°

L3 RSS SMAP v4 201504 202201 Monthly Monthly 0.25° 0.25°

The two SMAP products are gldhgaroducts and are not specific for the Arctic: JPL (Jet Propulsion Laboratory) v5 and RSS

vd (Remote Sensing Systems). Given the SMAP satel4ltoit eds | ater | aunch, t he S M/
202201. The SMAP JPL product provides a largeerage including close to the sea ice edge. To be comparable with other

products, data are masked to only include SSS whei@3Bencertainty provided in the product is lower tharel pss. No

masking is used for the three other products.

The two SMOSproducts are Arcti® Ocean focused productdie L3 BEC (Barcelona Expert Centre) Arctic+ v3.1 and L3

LOCEAN (Laboratory of Ocean and Climatology) Arctic vprbducts(Martinez et al., 2021; Supply et al., 2028pnthly [ Field Code Changed ]
means are calculated from thed8 BEC producto enablecomparison with the other monthly satellite products. Their

common eriod of data availability i2011-01 to 201912. The two SMOS products are regridded ontegular0.25° grid

(consistent with the SMAP griddr easier comparison witleanalysis anih-situ dataandsuch-thata-satellite-medianpreduct

° reselution). The

SST measurements are taken fréva gapfilled L4 CCI (Climae Change Initiative) SST CDR (Climate Data Record) v2.1
(Merchant et al., 2019A monthly product of this data regridded at 0.1 ° resolution is used over the SSS satellite period (20{ Field Code Changed ]
to 2021)
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( Field code Changed

riods (since

2.1.3In-situ data

from a
Aumber-of-seurceghable)—CTD profilesfrom cruises in 2016 and 20E9e used for compadn with reanalysis data to [,:iem Code Changed
study vertical salinity stratificain in this region and to conghent surface salinity dataupplementary materig{®sadchiev [ Field Code Changed

et al., 2021)Additional in-situ data fronCTD probes, floats, iceethered profilers, oceanographic cruises and other platforms

in the Laptev Seare used for validation dhe satellite products from a number of sour¢¢9ASH, NABOS cruiss, and

cruises on Akademik Mstislav KeldysiSeeAppendix for details on insitu data used to validate satellite SSS prddeets

AppendixA TableAl).

Lena Riverrunoff data from the Arctic Great Rivers Observatory (GRO) @atasusedo help assesthe main drivers of

Laptev Sednterannual variabilityShiklomanov et al., 2021 Cumulative runoff until a certain Julian day of eaear is

calculated for spring (Julian day 150), summer (Julian day 250) and the full year (Julian daih@6&)ringpeak in runoff

has been shown to be shifting earlier wtie tapidly warming Arcti¢Yang et al., 2002; Melnikov et al., 2018) a notable

trend is present in éhspring cumulative rwff timeserieswith the shift to earlier permafrost thaw / river ice mét.avoid

spurious correlation and to be abdedifferentiate drivers of interannual variability from decadal/longer term trends, the trend

in_cumulative runoff timeseries (over ti&d ORYS time period of 1992022) is identified and remove@he detrended

spring runofftimeseriess used throughout this study

10



MstislavKeldysh | Octeber2019

SWERUSC3 Oden 15" July-i 25" Septembel (Bjork,2017)

easedidan 20

Lol erinns D04 1) Alendlemile 17" October 2018 {Polyakev——and
Tryoshnikov Rember,2019)
Akaderik 20" _Septemberi—20" | Supplementary
Lavrentyev October 2016 aterialOsadehiev
Akademik 239_Septemberi—13" | et-ak-2021)

£Shiklemanev-etal-2021)

2.2 Methods
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This study focuses on September ath¢ month of maximum open water area and hence the largest area of satellnleta—fer
eempansen—wﬁhand in-situ data or comgarlson with reanalysm products IPE-SMAP-ARI-EOCEAN 1

comparison of how well |nterannual var|ab|I|ty is captured in each satelllte product: 2016 a year of predominant eastward md
and 2019, a year of predominant westward wind

Figure2, Figure3). This study does not consider variability in SSS below 20 pss due to the sparsisitafdbservations
with SSS values below this thresholds is shown in section 3.IPL SMAP and LOCEANSMOS have-particttarhy-high
correlation-coefficients andHow RMSD-values-arelfound to agree particularly well so are used for further analysis.

To investigate theontribution ofkeydriversto Laptev Sea interannual variabiligyJaggedtorrelationanalysis is conducted
betweenGRO runoff, ERA5eastwardturbulent surface stress and GLORYS SSS, SST and F#@rson correlation

coefficientsare calculatedbetweencumulative GRO runoftintil spring (Julian day 150), summer (Julian day 250) @ret
the full year (Julian day 365and GLORYS12V1 September S&8 eachgrid cell (Figure4). The same correlations are
calculated with GLORY$2V1 SeptembeSST and SIC at eadrid cell (Figure5, Figure6).

[ Field Code Changed

en surfac( Field Code Changed

earsorcorrelation [ Field Code Changed

coefficiens were also calculatedbetweenERAS eastward ttbulent surface stress in ApriMay, June, July, August and

September and GLORYIRV1 SeptembeSSSin eachgrid cell to identify the months that appear to most strongly drive
variability in SeptembeBSS(Figure4). The same correlations are calculated with GLORMAL SeptembeSST and SIC at
eachgrid cell (Figure5, Figure6).

To identify years of anomalous eastard/westvard wind over the satellite timeseriesFthe meanERAS eastward and northward
turbulent surface stressare calculated for June toSeptembe-August over the Laptev Seashelf: 120-160°E, 70-80°N. The period of
June to Augustis chosen because of theapticularly strong correlations found between eastward turbulent surface stress idune,
July and Augustand GLORYS SSS(Figure 4). A feurthree-months meanis chosenn-erder-to reducethe hightemporal variability
in wind stress (+ 0.05 N n?) and only keep the lower frequency signal the ocean reacto. The mean AOI for June to Augustis
calculated for comparison with Laptev Seaeastward turbulent surface stresgo relate local wind stress tdarge-scaleatmospheric
circulation (

Figure7).

To be able to calculate fAeast war dagFtherByearS of maximem andninim@teastward d SST composi tes
turbulent surface stressare identified for each of the two satellite periods (SMOS: 2032020 and SMAP : 20182022)-in-erderte
be—able—to—ecaleulate feastwardo. Ehathreefyears sf maxanund éastwai® bulenhstifa@ST composi tes

12



stressare identified to be 2012, 2016 and 2017 over the SMOS timeseries, and identified to be 2016, 2017 and 2021 over the SMAP
timeseries(

Figure 7Figure4). Conversely, the three yeasbwestward (minimum eastward) turbulent surface staesglentified to be [,:iem Code Changed ]
290 2011, 2013 and 2019 over the SMOS timeseries, and 2015, 2019 and 2020 over the SMAP timeseries.

The fieast war d & théhSdculaten aspthe snean ef thé three masivard years fo6LORYS12V1SSS and

LOCEAN SMOS (2012, 2016, 2017), and for JPL SMAP (2016, 2017, 2021)e fAwe st war d 0scé&cBl@8edc omposi t e i
as the mean of the three most westward year&6E@RYS12V1SSS and LOCEAN SMOS (2011, 2013, 2019) and Rir J

295 SMAP (2015, 2019, 2020). The same yearsused to cal cul ate fAeastwardo and fAwestwardo SST composi
GLORYS12V1SST and L4 v2.1 CCI SST as well as ®L.ORYS12V1sea-ice-concentrati®iC.

300

3 Results

3.1 Comparison of SSS products

3 [ Formatted: Normal ]

[ Field Code Changed ]
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__GLORYS 2016 Satellite median 2016

26 28
September SSS

-3 -2 -1 0 1 2 3
SSS diff 2019 - 2016
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glorys 2016

20 22 24 26 28
September 5SS

-3 -2 -1 0 1

SSS diff 2019 - 2016
340 Figure 2: Laptev Sea sea surface salinitfield in September (9) 2016¢fttep) and 2019 (middle) and the difference between 2016 a
2019 pettentight) for the CMEMS GLORYS12Vteanalysis (topand for each ofthe median-of4 satellite products (RSS SMAP, JPL
SMAP, LOCEAN SMOS, BEC SMOSY¥ighttopto botton)-and-forthe CMEMSGLORYS12Vreanalysis{eft). ERAS mean wind speed

for June-Septembepugustare overlaid on theGLORYS12V1SSS field with a box over the region of interest {80°N, 120160°E).

The GLORYS12V130% sea ice concentration contour is also overlaid as a black line oveGIl@RY S12VISSS field. Insitu data for

345 late September 2016 and early October 2019 are overlaid on satefiggianproducts using the same colour scale.
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There & closeagreemenbetween the September SSS patterGIORYS12V1andthe-mediaall satellite September SSS
producs in al-bothyears corpared (

Figure2Figure2). The SSS off the continentdiedf (> 100 m) or above 75 °I8 typically > 28pssin both years analysed and
in both poducts. SSS generally decreases with proximity to shoresdmdeés near the outflow of theera-Rivetena River
around 130 °E, with salinity values as low asps8 nearshore. This lowalgity area (< 20 pss) extendsnsiderably to the
East of thd-ena-RivelLena Riveroutflow throughout the southetraptev Sea and pathe New Siberian Islands into the East
Siberian Sea, extending to over 160 °E in both years.

The years 2016 and 2019 stamd as having notably anomalous patterns of Laptev SSS, with differences in SSS3dfover
pss-between yearfem-themediadin all-satellite product Beth-the-satellite-median-product aBUORYS12V1SSSand all
satellite products except BEgapture the same pattern of SSS interannual variability-sisuimlata from cruises in all years
of overlap (2016 and 2019 shown in Flg. In20186, the freshest salinities are coastally confined ambtivavel far off the
continental shelf. In 2019h¢é freshest salinities travebnsiderah} further offshoreand extendver most of the Western

Laptev and East Siberian Sea.

Despitethe strong overall similarity between griddeducts, notable differenceseavisible between isitu data and both

the satelliteredianproducs and GLORYS12V1 SS$n 2019 Fthe fresh layemFigure2-typically appears to egnd further [ Field Code Changed

offshore in insitu data than ItGLORYS12V1(Figure?2). LOCEAN, JPL and RSS appear to capture this extended plume
better butstill do not capture the full extent visible ingitu dataerin-the-satellite-mediangiuctHowever] this difference

is likely primarily due to the temporal mieatch betweethe September monthly me@i ORYS12V1and satellite products

and insitu dataas-insitu-data-wasollected in late September 2016 and early October;28&%re-cenpared-with-mean-SSS
in-SeptemberBoth GLORYS12V1 and satellite SSS do show the plume extending further offshore by the following month
(not shown), supporting this suggestibfowever, thebetter representation of plume extentLi@CEAN, JPL and RSSas

compared to GLORYS12V1, suggettie temporal mimatch is not the only driver of this difference.

Most of thesatellite productsused-to-generate-the—satellite—med(@LORYS12VE-LOCEAN SMOS and both SMAP
productsland GLORYS12Vklearly manage to captia consistent pattern oftémannual variabilityand agree well with in

situ_data(Figure 2see, AppendixA Figure A3 Figure AdFigure-AL—Figure-A2). However, notably different patterns are Field Code Changed

obseved in the BEC productvhich also has a notably lower correlation witksitu data (= 0.79 AppendixA TableAl). Field Code Changed

strongest correlationsith in-situ data (> 0.9, AppendixA TableAl). This difference in SSS pattern agrees well with the | Field Code Changed

All other satellite products analysed here appear to capture the SSS pattern described above for 2016aadh£@19 [ Field Code Changed

two modes of SSS variability previously observed ksitn data and described by other studiiethis region(Dmitrenko et Field Code Changed

o) W A

al., 2005; Osadchiev et al., 2020f the four products considered here, the LOCEAN SMOS Aactd JPL SMAP products

captureparticularly consistent patterns of interannual variabiibg correlatamost strongly with insitu datdr=0.92 for

17
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390

LOCEAN, r=0.95 for JPLAppendixA TableAl). This is particularly notableespeeiathgiven they originate from different [ Field Code Changed

satellites and are generated from different processing algarithihesawo producs (LOCEAN SMOS and JPL SMAP)&ar
chosen for further use in this study, due to their strong similarity and good correlation valuessititidata.

wat@LIORY S12V1{shewn-a-the-30%sea-ice-concentratipn
andthe-area-of-noretrievalof-open-watem-the two satellite producthowsimilar areas of open wateof no retrievalsin
2019, the area of open watsrarticularly large itGLORYS12V1and in all satellite produs, with no regions of notable sea
ice (Wheresea-ice-concentrati@iC > 30%) below 80°N throughout the Laptev and Eziberian Seas. In 2016, thesenhore

extensive sea ice and few satellite SSS retrievals in the Laptev Sea but a large area ofevpertheaEast Siberian Sea,

which extendsonsiderably offshore to over 80 °N.
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| Figure 3-: GLORYS12V1SSS vertical transect in 2016 (top) and 2019 (bottom) along red transect interpolated through insitu data
(shown in map of PL SMAP SSS in bottom left for each year) with insitu data overlaid with black rings and satellite data for that

395 transectin JPL SMAP and LOCEAN SMOS SSS shown as a line of points. JPL SMAP data is madéraesparent where the provided
SMAP SSSuncertainty is < 1 pss
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GLORYS12V1featuresa welkmixed plume in the shallowest regions of the shre016 and 2019Figure 3Figure3), and
in almost all other years considered. Hencagieesvell with in-situ data in regins aml years where the plume wellkmixed
nearshoreg.g.2016 shown above and 198nd 2000 not shown) but fatts represent years with a stratified plume nearshore

(e.g.2019 shown above and 2Q@81d2011 not shown)The variability ofstratification dynarnts, even just in the two years

examined, suggests it is not apprafgito assume a constant mixed layer depth on the shallow shelf, @eviassly been

done to estimate fresh water contfihinbert et al., 2021)n all yeas examined, irsitu data shows the fresh layer (<[ids) ('Field Code Changed

is reldively shallow and only extends between 5 and 10m, shaller than Kara due to weaker tidal mixing (Osadchiev et
al., 2021).

In 2019, some differences in surface plume extent are visible between GLQRY®&nd insitu data.Some of these
differences may be due spatietemporal mismatch of September monthlg2LHegree data with point-gitu data (in late
September/early October), as vertical stratification is very seasonally and regionally variable (and bathymetricalgdyontroll
in this region(Janout et al., 2020However, both satellite prodisctnore closely resemble the extended plume visible-in in
situ datathan GLORYS12V1

In addition, pevious studies showonsiderable interannual variability in the lowest valueS8§ at the outflow of thieena
RiverLena River Whilst in some years, theeare only very smallegions of SSS below 20 pss (2014), in other yeatsble

regions of SSS as low as 6 pss have been observed (in(28&8t et al., 2020Within GLORYS12V], the shdbw surface

layer i consistentlynore saline (betweel5-20 pss) than ksitu dataand salinities below 20 psse typiclly very confined

to the shelfAlthough there ee few satellite SSS retrievals near the coast (due to land contaminagarshoreSSSare

notably lower and quite variab{0-20 ps$in LOCEAN SMOS and JPL SMA&hdmore consistent with isitu dataOverall,

within shallow shelf regions (< 20 m), the more saline surface waters, fresher bottom waters and less extensive susface plume
suggest GLORYS12V1 is too wethixed compared to situ data. This is reinforced by the weak tidal influence in this region

and as there is rarely sufficient widdiven mixing to break up such strong stratificat{ofonova et al., 2014; Hélemanh e

al., 2011; Janout and Lenn, 2014; Shakhova et al., 2014) [Formaned: English (United Kingdom)

Salinity stratification on the shelimuch stronger than that temperature andiby far the dominant control on density in

this region (Osadchiev et al.,, 2028ea—surface—temperat®®T, and in turn stratification in temperature also vary
considerably over theoairse of September, so a higher temporal resolution analysis would be needed for investigating
temperature stratification dynamics. Therefore, this study focuses on salinitficatiati in this region, which is more
consistent ovethe course of Septerah andmore appropriately represented by the monthly data used for analysis in this

study.
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3.2 Impact of runoff and wind stresson SSS SST and SICin GLORYS12V1 -3 [ Formatted: Heading 2

METSS 3MM 6-8 Runoff 150

=0.75 0.00 0.75
METSS/Runoff vs GLORYS SSS 9 corr

Figure 4: Correlation between GLORYS12V1 September SS8nd the three-month meanERAS eastward turbulent surface stress—— [ Formatted: ~Caption
(METSS) over June to August (68) (left) over 19932022 Correlation between GLORYS12V1 September SSS antimulative Lena

River runoff in spring (Julian day 150) (right) over 19932022.Regi ons where correl ations are s [Field Code Changed

denoted by the white contour and brighter colours.

There isAa significant trengspatial pattern in correlatiae-preserietweernthea three-months (June—Julyto August) mean
eastwad turbulent surface stress-June-July-andAugustand GLORYS12V1 September SSigld for the 19932022time
period (Figure 4). Fhere-i§ his pattern consists @f strongnegative correlation nearshofe -0.75) and a strong posie

correlation offshorg> 0.75) particularly in tke East Siberian Sed@he negative correlation suggest8ongeastward wind

stress is consistent with frest®8S nearshor@he strong positive correlations offshore are present, albeit in differeonseg

throughoutJune, July and August, as well as in theeemonth mean(AppendixB Figure Al). However, the negative

correlation nearshore is only present in July and Au@isppendixFODO). A small region of negative cotegion (< -0.75)

is also present judfast of the Vilkitsky Strajtand is visible in all three monthhese strongcorrelations arestatistically

significant at p< 0.05(highlighted by the white contour)
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450 A weak nonsignificantspatial patterin correlation is foundetweercumulativespringrunoff and GLORYS12V1 SSS his

pattern suggessspositive correlation nearshogarticularly in the East Siberian S@ad a negative correlation offshofée

weak positive correlatiomearshoresuggests in@ases in runoff are consistent with increaseS$$. This pattern is the

opposite of what would be expected and what has previously been suggested: that an increase in runoff would drive nearshore

freshening However there is almost nowhere that this mation isstatistically significantWhilst there are some regions

455 that yield significant p values, these regions areealy ¢mall andlo not appear to depict a relationship with a physical basis

The spatial patterns of correlation betwg@hORYS12V1 September SS&nd bothcumulative summer and total annual

runoff show similar correlations baire even weaker aragtenot statistically significantAppendixB Figure A1).

460 Similar correlation analyses conducteetween runoff and eastward surface stweitis SSS inthe other reanalysis products

yielded similar spatiatorrelation patterns to dise visible here iIGLORYS12V1.

METSS 3MM 6-8 Runoff 150

-0.75 0.00 0.75
METSS/Runoff vs GLORYS SST 9 corr

465 Figure 5: Correlation between GLORYS12V1 September SB and the three-month meanERAS eastward turbulent surface stress—
(METSS) over June to August (68) (left) over 19932022. Correlation between GLORYS12V1 September SSS andmulative Lena
River runoff in spring (Julian day 150 (right) over 19932022.Regionswh er e corr el ati ons are stati
denoted by the white contour and brighter colours.
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470 Figure5 depictsthe strongspatialpattern ofcorrelation betweethe threemonth (Jungo August) mean eastwardrbulent

surface stresand GLORYS12V1 SSTThis spatial pattern consists stfong negative correlations {0.75) near the edge of

the continental shelfThis negative correlatiosuggests eastward wind strésgonsistent witltoolerSSTs near the edgé

the continental sheffand that westward wind stress is consistent with warmer SSTs in this)réidienregion of negative

correlationdiffers in region between June and AuguspgendixB Figure A2). It is closest to shore iduneand appears to

475 move offshoreverJuly and AugusiWhilst this negative correlation is mainly confined to the Laptevi8dane and August,

it extendsnto the East Siberian S@aJuly. No significant correlation is present nearshiorany month

A weak positive correlation igresent between cumulative spring runoff and GLORYS12V1t8®Tlghout the Laptev Sea.

This positively correlation is not statistically significant anywhere exaeghe central Arctic (> 80 °N)This positive

480 correlationsuggests increased spring runisf€onsistent with warmer SSTs throughout the Laptev S&&. spatial patterns

of correlation between GLORYS12V1 September SST and dotiulative summer and total annuahoff show similar

correlations but are even weakend are not statistically significant (Append@xigureA2).

METSS 3MM 6-8 Runoff 150

o

-0.75 0.00 0.75
METSS/Runoff vs GLORYS SIC 9 corr
Figure 6 : Correlation between GLORYS12V1 September SiGnd the three-month meanERAS eastward turbulent surface stress—— [ Formatted: ~Caption

485 (METSS) over Juneto August (6-8) (left). Correlation between GLORYS12V1 September SS&@nd spring cumulative Lena River
runoff (to Julian day 150)(right) over 19932022 Regions where correlations are statis

[ Field Code Changed

white contour and brighter colours.
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Figure 6 depicts thestrong spatiapattern ofcorrelation betweethe threemonth (Junéo August) mean eastwardrbulent

surface stresand GLORYS12V1 SICThis pattern suggestdarge regiorof strong positive correlation is present judttbe

continental shelf in the Laptev Sead a region of strong negative correlatismpresenin the centralArctic (> 85 °N) In

turn, this implies that eastward wind stress is consistent with incr&€dd the northerrLaptev Sea and loweIC in the

central Arctic (and that westward wind stress is consistent with decreased SIC in the northern Laptev Sea and increased SIC

in the central Arctic).

A large region ofweak negative correlation is presebetweencumulativespring runoff andGLORYS12V1, suggesting

increased spring runoff is consistent with lower SI8is negative correlation esent throughout almost #lle LaptevSea

but is only significan{p < 0.05)near84 °N.

3.2-3 Drivers of interannual variability in Septemberimpact-of-variabitity-in-wind-foreing—en-SSS

The mean atmospheric circulation patternis represented in [ Field Code Changed
Figure 7-Figure-4, calculated as the mean surface stress over the box defined in [ Field Code Changed
Figure 2Figure-2. Values arenotably different in 2016 and 2019,( [ Field Code Changed

Figure2Figure2). In 2016, theres predominantly cyclonic circulation, with strong Eastward winds dominant over the Laptev
Sea shelf, and Nthward winds present over the region of the Laptev j8siaoff the continental shelfn 2019, theresi

predominantly anticyclonic circulation with Northestward winds dominant over the Laptev Sea shelf. The anticyclonic

circulation visibe in 2019 morelosely resemblethe mean circulation pattemisible {inFigured)y-over 20112020 (Figure [,:iem Code Changed

1.
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Figure 7-: Fimeseries—ofthe-Three-months (June to August) mean June-te-SeptemberAugust ERAS eastward (black solid) and [ Field Code Changed

northward (black dashed) turbulent surface stressover 7080 North and 120160 East. Overlaid are dots indicating the most
eEastward (red dots) andw\¥estward (blue dots) yearschosen for analysis for both the longer SMOSLORYS12V1 timeseries
(darker red and blue dots) and the shorter SMAP timeseries (lighter red and blue dots)The range of the maximum and minimum

520 eastward turbulent surface stress between June drSeptemberAugustis shaded in greySpring cumulative Lena River runoff (until
the 150" Julian day) (green)and mean June to Augustrctic oscillation index (AOI) (orange standardized by standard deviation of
surface stressare overlaid.

The magnitude of variabilj in mean eastward turbulent surface stress (+ 0.05*Nagross the entire timeseries is notably

larger than that ohorthward turbulent surface stress, which remained within + 0.022NTime years of highest eastward

525 turbulent wind stresare2012, 2A.6, 2017 over the SMOS timeseries and 2016, 2017 and 2021 over the SMAP timeseries.
The years of stragest westward turbulent wind strese2011, 2013 and 2019 over the SMOS timeseries and 2015, 2019 and
2020 over the SMAP timeserida.years where thmean eastard turbulent surface stressriegative (denoting predominant

westward turbulent surface stres$jere & considerably morevithin-year variability (typically > 0.05 N rf in eastward

turbulent surface stress in the months spanning JuBegbmberAugust(denoted by the grey overlay-Rigure 7Figure4). [ Field Code Changed

530
There isagoodmatefagreemenbetween the threenonths mean ofeastward turbulent surface stieg$Sand AOI-(r=0.65,
p=0.02Wwith-a-@rrelation-ef XXVariability-in-the-AOl-closely-matehes that ef eastward-turbulent surface-sTles A0 is
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highest in2016, 2017 and 201@ver the SMOS timeseries a@f17, 2018 and 2021 over the SMAP timesefié® AOI is
lowest in 2011, 2015 and 2089er the SMOS timeseries a@f15, 2019 and 2020 over the SMAP timeseries.

DBetrendedBpring cumulative runoff does nsignificantlyco-vary with turbulent surface streg@s-0.30, p=0.3L) or the AQI
(r=-0.39, p=019) over this timeperiod Spring rundf is highestin 2012,2013and2014over the SMOS timeseries ag@15,
2020 and 2021 over the SMARnseries.Spring runoff islowest in 2016, 2017 and 20t®er boththe SMOSand SMAP
timeseries
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JPL E [2016, 2017, 2021]

GLORYS E [2012, 2016, 2017] LOCEAN E [2012, 2016, 2017]

GLORYS W [2011, 2014, 2015] LOCEAN W [2011, 2014, 2015]
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GLORYS E-W
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| Figure 8 : Eastward (E, toprow) and westward (W, middle row) composites calculated from the ifiedtthree most eastward and [Field Code Changed
545 westward years for (left to righfLORYS12V1SSS, LOCEAN SMOS and JPL SMAR he diference composite (eastwardwvestward)
‘ for each product is shown on thbottom row. Th&&LORYS12VImean 30% sea ice concentration contaeme-meanGLORY-S12Visea

edssoverlaid on the respective composite plots.
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- [Formatted: Caption

The eastward/westwardcomposites of all three SSSproducts agreestrongly, regardless of the differing years chosen for analysis

(Eigure 8Figure-5). The composite analysilearly highlights the differing pattern of SSSunder positive (eastward) and negative \ Field Code Changed

(westward) zonal wind. The eastward composite clady resembleghe 2016 SSS pattern visible in

Figure 2Figure2, and the westard composite closely resemblg® 2019 SSS pattern. This strong resembldeteeen
particularly anomalous individual years and the zonal wind composite plots supports that the zonal wind is the dominant drive
of variability in this regionYears with strong westward wind haeensiderable offshore transport, and northward slinga

of the plume, denoted by the presence of anomalous fresh water in the Northern Lapteli8ksively higher salinity water

in the East Siberian SeAlternatvely, years of eastward windeaassociated with onshoaed alongshoré&ransport, and a
coastally confined plumelenoted by more saline waters in the Northern Laptev Sea and fresher waters in the Saptéern
andEast Siberian Sea

The composite difference plofsrovide amere-cleaer visualiszation of theNorth/South ¢ffshordnearshee) dipole in
freshwater transport visible under eastward/westward wind fordihg. strong agreement between all three products
strengthens the weighting of this finding, particularly as the difference plots appear to agree even more closely than the
individual eastward/westward compositéis agreement suggests that although the three products have different mean SSS
states, they capture very similar patterns of variability.

Thereis a notable difference irB#A-SIC in years of westward and eastwarchdiforcing in bothGLORYS12V1and the
satellite datgindicated by the absence 88Sdata) Under westward wind forcing, theaptevSICA is smaller in the Laptev
Sea(245074 k) and the 30%ea-ice-concentrati®iC contouris nearer shor@ the East Sikerian Sea. The oppositetrue
undereastward wind forcing, with a largBiCA in the Laptev Se¢876064 kri) and the 309%ea-ice-concentrati®iC contour
further offshoren the East Siberian Sea.
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3.4Impact of variability in wind forcing on SST
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GLORYS E [2012, 2016, 2017] CCI E [2012, 2016, 2017]

GLORYS E-W 2010-2019

Y

SST composite under set wind forcing (°C)

i
\ & ,
-2
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Figure 9 : Eastward (E, top row) and westward (W, middle rovontosites calculated from the identified three most eastward and [Field Code Changed

westward years for (left to righ$LORYS12VISST andL4 CCI SST (maskedyp30% sea ice concentratiorifhe difference composite
(eastwardi westward) for each product is shown on the bottom row. The mean 30% sea ice concentration contour for eastward and
westward years is used to mask L4 CCl data and is overla@l®RYS12V1in black on both eastward andestward composite plots.
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Similar to-Figure8Figure-5 Figure 9Figure-6 represents theastward and veeward composites of GLORYS12V1 and ESA

CCI SST(Figure6Figure 9). Tempeatures < 1°C @ typically present off the continental shelf in both composites (and all [,:iem Code Changed

years analysed), with a rapid transition in temperature present at thee3@%-concentrati@iC margin Eigure 9Figure5s). [ Field Code Changed

On the shelf, temperatureseaypically warmer (> 1°C) and riverine plurisgtypically > 2°C, with large regions in excess of
4°C.

The eastward/westward composites of both products agree very well and suggest notableekffereSST pattern under
differing zonal wind forcingUnder eastward wind forcing, both GLORYS12V1 and CCI SST composites show that warm
SST anomalies are confinéal the southern Laptev Sea and travel alongshore towards the East Siberian Sea. Tdnd eastw
wind state $ coincident with a larger S in the Laptev Sea and a 30%a-ice-concentrati@iC contour nearer shore in the

East Siberian Sea. Under westward wind forcing, both SST composites show warm SST anomalies are mostly advected
offshore to theNorthern Laptev Sea. Bhwestward wind state coincident with lower SIA in the Laptev Sea and a 30%a

ieeSIC concentratiortontour further from shore in the East Siberian Sea. A dipole composite pattern is also visible in the SST
difference compositeas & visible in the SSS difference composite. However, the difference composite between eastward and

westward wind states presents in an East/West direction rather than a North/South direction.

4 Discussion

4.1 Variability-in+Runoff as a driver of SS$SSTand SIC variability

3 [ Formatted: Heading 2

he—pattern of

Spring,summerandannualLena Riverrunoff do notappear to play a role in controlling GLORYSARSeptember SSSST

or SICin the Laptev or East Siberian shelf se@smulative spring rundfis most strong} correlated to variability in SSS,

SST and SICsuggesting the timing of the initial peak in runoff msre ofan impact orLaptev Sea dynamsghan the

cumulative runoff in summer or the total runoff over the yefmwever,the correlations witlspring cumulative runofére

almost entirely not significant.

It might be expected that years with the largest magnitude of cumuative] /summe / annual river discharge would have
the largest fresh surface layer (< 20 pssj-freshwater—conter@s has previously been suggestédcumulative annual

discharggUmbert et al., 2021 Howeverthe GLORYS12V1 correlation analysis suggests there is no significant correlation[ Field Code Changed

near the outflow of theena Riverbetween SSS amimulative runoffatany time of yeagfUmbertetal-2023}If anything [Field Code Changed

the oppositeattern appeansue nearshorén the East Siberian Sea: withcreases in spring runoff ding highersalinities
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near the coasind low salinities offshorélhe differing result here, comparedUmnbert et al. (20213ppears to be primarily [Fiem Code Changed

due to differences in BEC and GLORYS SSS, antliin the variability in fresh surface layer ard& mechanism haget

been suggestetb explain the opposingbehaviourfound herelt is possible there is some negative feedback whereby earlier

spring runoff drives earlier sea ice retreat, and in turn expé#me region ofvind influence andpreadghe plume further

offshore However, thiscounterintuitive correlatiowarrants further investigation.

The short nature of the satedliSSS timeseries prevents ardepth correlation analysis wittunoff as was done with

GLORYS12V1but visual comparisorsuggestso clear pattertetweeninterannual variabilityn spring runoff and SS8

visible overn-mest-ofthe-years-used-fortbemposite-analysise SMOSor SMAP satellite period. This comparisoris also

complicated by thénterannuallyvarying icefree region which determies the total area of SSS retrievals antlin, any

derived fresh surface layer are@ser this period, spring runoff is lowest in 2016, 2017 and 20lIst the fresh surface

layer is extensive in 2018, is very small and coastally confinéd 2016and 2017 Thesetwo years were excluded from

analysis inflUmbert et al.(2021)due to lack of $S datawhich partially explais the diffeing results hereWhilst the area [ Field Code Changed

of satellite SSS retrievals is relatively small in these years compared to other years analysed, the edge of the pliyne is cle

visible inthe area of open wat€efhissuggestthatthe small plume observed in these two years is not just due rieldfigely

small area of open watend thatn turn, here is no reason to exclude these years from anaB@iwersely, gring runoff is

highest in2012,2013and2014. Again, there is no conclusivE€SSpattern as th&esh surface layer i®lativelyaveragen all
. ; i onsidered

[ Field Code Changed

[ Field Code Changed

( Field code Changed

ak;-2021) Theis inconsistent response satellite datsuggests cumlative springrunoff is not a major driver ahterannual

variability in SSS pattern, sais suggested from GLORYS12V1 and laas previously beensuggestedoy other studies

(Osadchiev et al., 2021) ( Field Code Changed

{Urmbertetal2021) ( Field Code Changed

well as

variabili
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4.2Wind variability as driver of SSS variability

Previous studies usirgparse irsitu data have suggested wind forcing appears to drive some variability in freshwater transport

(Dmitrenko et al., 2005; Osadchiev et al., 208btellite SSS data shown hemevides a complete picture of SSS variability | Field Code Changed

and confirmswhat haspreviouslyonly been suggested from-gitu data thatzonalwind forcing is the dominant driver of

Laptev SSSSatellite SSS data algwovides a clear, complete visualization of differences in freshwater tratisporghout

the sea ice free Ipev and Bst Siberian seamder different wind regimegsugmenting the scattered view available from in

situ dataWestward wind drive considerable offshore transport, and northward spreading of the plume toward the Northern
Laptev Sea. Conversely, easrd wind is found to drive alongshore transport, resulting in a coastally confined river plume,
denoted by more saline waters in the Northern Laptev Sea and fresher waters in the Southern East Siberian Sea. Given the
different eastward and westward yeahosen for composite analysis for SMOS and SMAP, the agreement in eastward
{westward SSS composites between JPL SMAP and LOCEAN SMOS prosolatifies this finding

The composite analysis highlights the dominance of the zonal wind over the mendiothah driving SSS patterns. Within

regions with particularly shallow shelf bathymetry, such as in the South Laptev Sea, the Ekman current has been suggested to

almost completely align with wind direction or to be transported ~60° to the(Bghitrenko et al., 2005; Kubryakov et al., — { Field Code Changed

2016; Zatsepin et al., 2015fhe strong dominance of the zonal over meridional wind component observed here (tn drivin
the fresh surface |l ayer SE / NW) supports that fult Ekman spiral
is to the righof the wind but not fully perpendicular to it.

Meridional wind stress also does appear to play a role ingoteamsport but only in the absence of strong zonal wind stress.

doesndt

mani

This has previously been shown to be true for both Z0adout et al., 202@nd 201§Tarasenko et al., 203 1where the [ Field Code Changed

wind is primarily northwestward and frestvater is transported directly offshore. Both LOCEAN SMOS and JPL SMAP | Field Code Changed

support this.

There has historically been some debate as to the role of the AOI in controlling SSS variability, botl{Bacalyet al., [ Field Code Changed

2010; Janout et al., 2015; Steele and Ermold, 2G0%) on a full Arctic basin scg(Morison et al., 2012; Rabe et,&2014) | Field Code Changed

The mean eastward zorslirface stresin this regions found to be strongly correlated to the méadl in JuneAugust

overAretic- Oseillation-trdex{ACH-everJunSeptember-ovdhe full GLORYS12V1timeseries (r=0.49), and this corretati
is particularly strong over the SMOS satellite period (r>0.67).

Very similar spatial patternge@found when calculating composites from the three years of maximum and minimum (June
September) AOI as when calculating composites from years of maximum ameumiriduneSeptembeiugus) ERAS zonal

surface stress (not shown). The simipatial patterns highlight that local wd variability in this regions predominantly
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governed by largscale dynamics over this period. The considerable variability in coorelstrength (depending on time
period analysed) suggests there may be stenadal variability in the extent to which the AOI controls local wind forcing in
this region. In addition, the decline in summer sea ice will increase the area of atmosphenicénéind in turn could alter
how strongly coupled the AOl is to local wind forcing in this region.

4.3 Vertical distribution of plume

Nearshore irsitu data suggestsahthe two modes of SSS variability, visible under eastward/westward wind forcpeaap

to be related to very different stratification dynam{Esyure 3Figure-3). In 2016, insitu andGLORYS12V1SSS agree [,:iem

Code Changed

particularly well and show a wethixed very fresh plume nearshdfégure3Figured), likely driven by the strong consistent [ Field

Code Changed

onshore Ekman transport driving downwellj@sadchiev et al., 2021This year (2016) stood out as having a particularly { field

Code Changed

well mixed plume compared to all othersitu data m this region, the extent of which had not presiy been observed

[(Janout et al., 2020)A similar dynamic appears to be visible in 1994, welstrong eastward wind stresscoincident with a [ Field

Code Changed

coastally confined and wethixed plume (not shown but visible in-gitu data andGLORYS12V1SSS ad SST.

Conversely, irsitu data showed a strongly stratified fresh layer in 2008, 2011 and 2019, even in shallow regions on the shelf

(Osadchiev et al., 202Which i poorly represented nearshoré&ShORYS12V1(Figure3Figure3). The stong stratification ( Field

Code Changed

on the shelf, visible in ksitu data in these years, suggesist the fresh layer is more strongly stratified in years with ( Field

Code Changed

considerable northward spreading. This phenomenon appeared true in 1994 and 2016, where strong onshaxadplaran tr

appeared to drive the wethixed plume observed. Hence, despite that the shallow shelf is below the calculated Ekman depth

for this region (37 m}Baumann et al., 2B; Tarasenko et al., 2021fkman transport clearly plays a role in controlling [Fiem

Code Changed

vertical stratification, at least in years where eastward wirgstirives onshore transport and mixing / downwe/lirentz [ Field

Code Changed

and Helfrich, 2002)However, it is also possible that the magnitude\ar discharge is a dominant control on the vertical
distributionof SSS, givenhtere is no conclusive evidence that Bweface freskatercententiayemdoes-net-appearto-directly

variesy with cumulativedischarge-magnitudenoff(Umbert-et-al-—2021) [ Field

Code Changed

This hypothesis was not tested as the constantmig#td plume nearshore sugge&sORYS12V1is not capable of fully
representing plume stratification dynamics in this complex environ®#mer model output was considereddse {ncluding
CMEMS TOPAZ GLORYS2V4, ORAS5, GloSea5/FOAM, CGLOR®ut all models considered either had insufficient
vertical levels to accurately resolve the shallow sheMEMS TOPAZ) or suggested the shallow shelf to be wrahed in

all years consideredhe challenge of accurately representing mixing/stratification dynamics in Arctic shallow shelf seas has

been widelydocumentegJanout et al., 2020; Hordoir et al., 202@jven the large number of vertical layers present in | Field

Code Changed

GLORYS12V] even on the shallow shelfjstlikely poor representation of vertical stratification is due to mgdel/ physics

andor parameterization of vertical mixing rather than due to insufficient vertical layers to be able to realistically represent the
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plume(Arpaia et al., 2023; Wise et al., 202Eyen in years with a mostly wethixed plume (E@Q016),in-situ data typically
showsa more saline layer at depth in cemtaégions on the shelf, whick almost never captured IBLORYS12V1 The
challenge of accurately modelling stratification in Arctic shallow shelf seas anerhémited availabity of in-situ data on
the shelf preventa more irdepth analysis ohe representation of vertical plume structure wiBIlORYS12V1 It may be
usefulfor future studieso consider ithe inclusion ofnterannual runoff forcingvould improve representan of stratification

dynamics.

4.4 Sea surface temperature$SST)/ sea ice concentratiorvariability

SST has been shown to be a useful indicator of plume location in this (Bgiotmenko et al., 2005; Osadchieval., 2021, [ Field Code Changed

Tarasenko et al., 2021)uring the summekena+ivetena Rivewater is typically at around 1€ before entering the Laptev

Sea, which ismuch warmer than thegical SST below sea ice of belowO (Juhls et al., 2020)This se$ up the gradient in [ Field Code Changed

SST thats clearly visible over the Laptev Sea, with temperatures beldvdf the continental shelf and below sea ice and
temperatures above°€ present over muchf the shelf. Similar resultsavepreviously been shown from-gitu data, with
offshore SSTs typically below 0 °C and SSTs near the mouth dfethe Rivetena Rivertypically over 3 °C and up to 10

°C in the last 2 decadg®sadchiev et al., 2021Jhis representssignificant increase in September nehore SSTsver the [ Field Code Changed

last several decadgisraineva and Golubeva, 2022; Polyakov et al., 2005) [Field Code Changed

Many studies have considered the dominant drivers of SSS interannual variability and of the seasonal and dedégal variab
in SST,but few have considered whether SSS and SSVacy with distance from the mouth of the Lena and in turn what
drives interannual variability in SST in this region. Tlhggedcorrelation anccomposite analyss shows that zonal wind
components a key driver of interannual variability in SST as well as of SSS. This finding highlights that correspondence
between SSS and SST is not only driven by their common source but also by their common driver of interannual variability.
The strong correspdence betweeeastward/westwar8SS and SSTomposite®n the shallow Laptev shelf is unsurprising

given that warm and fredkena-Rivetena Riveiwater dominates oceanic properties in this region.

However, whilst the eastward/westward composites app®#ars considerable differences are observed between the SSS
and SST composite differen@ad correlatiorplots. The SSS composite (eastwarestward) difference plots suggest a
North/South dipole where eastward forcing appears to drive onshore /esstwtfard transport of fresh SSS anomalies and

westward wind forcing drives offshore / northward transport of fresh SSS anonmalig® laggeetorrelation analysis

betweermmeaneastward turbulent surface stress and SSSpdtisrnis highlighted by thelipole between thstrong negave

correlation nearshore arairong positive correlation at the edge of the continental seliversely, the SST composite

(eastwarewestward) difference plots shomere—efan East/West dipole where eastward surface stmégssdeastward

transport of warm SST anomalies and westward surface stress drivesvasitrard transport of warm SST anomaliEise
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laggedcorrelation analysis between June to August eastward turbulent surface stress and SSTposghmisisantlyof a

strongnegative correlation in the northern Laptev.S#hilst there is a weak region of positive correlation in the East Siberian

Sea, which would create the East/West dipole described abiwvept significant. The difference strength of correlation

indicates thawhilst westwardwind stress drives a strong increaseSBIT (and/or eastward wind stress a strong decrease in

SST)in the northern Laptev Sea, eastwamstwardwind stress drives a much small#range in SST in the East Siberian

Sea.Thesedifferences in composite difference plots likely ocdue to feedback cycles between SST/8ISSS and albedo

Hence, whilst the zonal wind clearly plays a key role in controllioth SSS and SST pattertise differences between SSS
and SST compostdifferenceand correlatioplots highlight that this warm and fresh water is exposed to very different thermal
and freshwater forcing after entering the Laptev Seemparing the responses of SSS and S®Vides unique insight into
understanding the ctriibution of the zonal wind in distributing warm riverine anomalies and the contribution of summer

heating to the September SST pattern.

Regardless of differences in SSS and SST composite difference ptgonal wind clearly controls the initial plume
propagationUnder eastward wind forcingt transports the fresh, warm plume along the coast to the East Siberjaan&ea
otherwiseunder westward wind forcing, it transports the plume offshore to the Northern Lapt&83ea a dominant control

on the spatial distribution of Septembzera-ice-concentrati®iC in this region so the initial transport of this plume drives sea
ice meltin that region This relationshipis highlighted by the very strong correlation (r=0.91) between mean SST over the
Lapter Sea and A in Septemberand by the very similar correlation patterns between eastward wind stress and
GLORYS12V1 SST and SICThe strong correlatiopreviousy found between rivewater fraction and melwater fraction

supports that this relationship causal rather than coinciden(Bluch et al., 2013Despite this strong correspondence, the [,:iem Code Changed

initial heat brought by river runoff is only suggested to contribute ~108éadce breakup in early spgi(Dean et al., 1994) [ Field Code Changed

However, the initial loss of sea ice near the river mouth and thecdéolred water that replaces it (high in dissolved and

suspended particulate mattetjers surface albedo and irases heat absorption creatistrong positive feedbagiBauch [Field Code Changed

et al., 2013; Park et al., 202@)s SSTE aras coole than atmospheric air temperature in summer, SSTs will continue to warm

until atmospheric temperatures start to cool in aut@damout et al., 2016)The strongly stratified summer halocline also [Fiem Code Changed

increases stability of the water column, making summer heating more eff@sadchiev et al., 2021yhilst warm summer [ Field Code Changed

air temperatures will drive a warming of SST in open water regions, freshwater input from precipitation has a negligible impa

on SSS and sea ice melt only plays a small role in altering summgiD8Bi8ina et al., 2017)Thesedifferences drive the [Fiem Code Changed

observed differences in composite differeandcorrelationplots. The SSS composite difference plots represent just the direct
response of SSS to the zonal wind (offshore/nearshbine)SST composite difference platisohighlight the importance of
the SST/SCA positive feedbackwhereby warm riverunoff drivessea ice melt, in turn increasing the area of shallow open
water exposed to the warm atmosphere, and further driving SST warming in newly open water Fégionsch stronger

correlation between eastward wind stress and SST and SIC in therndraptev Sea, compared to the East Sib&&m
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may be related to it SST/SIC positive feedback and tiivaing and/or regiorf sea ice retreatt is possible that offshore

transport(driven by westward winds) drives earlgmdbr more expansive agcemelt, which wouldin turn alterthe area of

open wateexposé to the atmospher@nd the length of time it is exposemthe warm summer atmosphgi turn driving

more dramatic warming/hilst this hypothesis is consistent with results here, fustfegk would be needed to confirm this

It is worth noting that the similarity between SSS and SST eastward/westward composites highlights the importance of the

zonal wind in modulatinghis SST/SCA warming positive feedback.

The considerable diéfencen spatial pattern ofea-ice-concentrati®iC under eastward and westward wind forcing and the
relationship between SST andC3! suggests zonal wind is not only a key driver of variability irs$Bd SST but also of
Laptev SCA. There have previously bedrctic-wise studies that have suggested that the summeisfOgood predictor of

Sepembersea-ice-concentrati®iC (Ogi et al., 2016)but the same has not yet been suggested locally in the Laptev Sea. Th[ Field Code Changed

consistency of SST composites calculated in this sy years of sing eastward (/westward) turbulent surface stress with
that of strongly positive (/negative) AOI years supportsitirge-seallarge scalecirculation appears to be the dominant driver
of variability in this region.

Previous work in ths region has also suggesthdittvariability in $S is unrelated to sea ice dynanfi@sadchiev et al., 2021) [ Field Code Changed

However,boththe compositend correlatioranalysis here clearly shathat variability in zonal wind stress does play a role
in controlling SST andtherefae-in-turnsea-ice-concentiar-and-SIASIC. Attributing vaiability in SST and in tursea-iee
eenecentratiofSIASIC to zonal wind stress is complex due to 8&T/SCA warming positive feedback described abawvel

the strong decline in S visible in theLaptev(Kraineva and Golubeva, 2022) [ Field Code Changed

However, the spatial pattern GLORYS12V1eastward and westward SST composites is consistent regardless of time period
chosen (the fulGLORYS12V1time period, the LOCEAN SMOS time period or the JPL SMAP time period), suggesting this
relationship doesotr-Gonly existdue to the STA trend (.e4E if yearsof westward/eastward forcingegpresent arlier/later

in the timeserigs In addition, the spatial pattern of variability visible in both SST composite differenceaptbis eastward
turbulent surface stress and SIC correlation psot®taly different from the longerm pattern of SST warmirgy SIC decline
(between 1992002 and 2012019 inGLORYS12V1), which suggests a pattern of more rapid warming distributed across

the continental shelBeth-{The consistency of SST composites shemmd the difference in spatial pattern of S8der
differing wind forcingand the sength ofcorrelationand similarity in correlation pattetretweereastward turbulent surface

stress and SST and S#Dpport that wind stress is a control on SST andrim$eptembeBICA. Further work is needed to

investigate if variability in SSS and SST impact later sea ice formasiovell as SeptemberGh.
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4.5Implications with climate change

The increase in riverine heat has already contributed to a regiosalflssa ice, and it has been suggested that warming river

discharge is a key control on basitde SCA (Dong et al., 2022; Park et al., 202@)is also clear that the increase in river { Field Code Changed

runoff will increase the freshwater content of the Laptev Sea and have implications for local andvitleetstratification

dynamics as well as for local biogeochemistry. Howeverwthak correlatios with spring summer and annualinoff and

dominance of zonal ind as a key driver of SSS and SST interannual variability suggests that understanding variability in
wind stress and if it is likely to change is the key to predicting future freshwater transport from the Eurasian shelf seas.

This is all the more relewd as the dominance of wind stress variability is only likely to increase with the loss of sea ice cover.

Prior to the mie2000s, the Lena plume typically remained strorsghatified and confined to the Laptev Sea shelf, constrained

by the extensive sead cover and small region of atmospheric influgidemout et al., 2020¥he loss of sea ice cover in the —{ Field Code Changed

Laptev Sea is enlarging the area in contact with the atmosphere and increasing the time of atoosmhesgosure.
The strong influencef the AOI on local wind stress in this region, and the increase in correlation strength over the more recent
time period, highlights the need to investigate Hamge-sealkrge scaleatmosphericirculation will change over the Arctic

to understand fute changes in Laptev Sea freshwater transpais relationship is only likely to become stronger given the

AOl is suggested to have increasedariability in recent decadgg\rmitage et al., 2018; Morison et al., 20240d as future | Field Code Changed

sea ice loss will only strengthen counglibetween largescale and local wad dynamicsThese changes have already and will

likely continue to expand the region of potential riverine freshwater influglaeut et al., 2020; Johnson araly@kov, [piem Code Changed

2001; Zhuk and Kubryakov021)and in turn have the potential to speed up transport between the shelf seas and central Arctic

(Charette et al., 2020) ( Field Code Changed

However, the impact this will have on the wider Arctic will strongly dependn changes in stratification dynas in the
Laptev Sea. Whilst it ilkely that stratification dynamics will change as the region of potential freshwater influence expands,
it remains uncertain what the dominant drivers of this change will be and in turn how this change will manifesto@n

hand, having alarger openwater region exposed to wirdtiven mixing for longer periods couldeepenstratification,

increasing the tendency of a walixed plume(Janout et al., 2020)This appeared to occur in 2016 and seléesy under [Fiem Code Changed

strong eastward wind forcing,here the flesh vater is transported eastwards, driving downwelling and mixing and creating a

coastally confined welinixed plume. Alternatively, the increase in river runoff to the Arctic could strengthen surface

stratfication (Nicoli et al.,2020; Nummelin et al., 201@ndincreasingncreag thetendeneylikelihood of a very shallow [Fiem Code Changed

plume that extends out northwards towards the central Arctic. It is also possible that the likelihood of both of thetsegalte

states could become mdrequent, with the increaséafluence of wind variability with the loss of sea ice cog@nout and | Field Code Changed

Lenn, 2014) Changes in stratification will be strongly couptedchanges in sea ice dynamiost only in summer but also

year round, and will have implications for the timing, magnitude and region of water mass formation / transformation in the
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Laptev(PreuBer et al., 2019)ntangling all theseompoumling changes remains a challenge and will only be solved by a [Fiem Code Changed

unified approach bringing together a combination &edent data products and typesluding insitu data, satellite data and
model outputThe long satellite SSS tirserieshas, and vih the launch othe Copernicus Imaging Microwave Radiometer
(CIMR); will continue tobe, a valuable asset in understanding Arctic wide freshwater transport. Understanding these processes

will be further aided by the launch of higher resolution satelfilesnapping sea surface geostropfaad total)velocity,

including the Surface Water and Ocean Topography (SWOT), SeaS &R/ony andODYSEA (Gommenginger et al., LFie'd Code Changed

2019; Morrow et al., 2019; Suess et al., 2022; Lee et al., 2023)

5 Conclusiors

Satellite SSS agrees wallth in-situ data(r ©00.84) and provides notable improvement compare@t®RYS12V1SSS(r O
0.80)and the other reanalysis produ@t§0.83 consideredn capturing patterns and variability observed bgiin SSSdata.
Hence, satellite SSS provides a useful toolttergthen our current understanding of Laptev Sea and wider Arctic SSS
dynamics, particularly in regions with strong SSS gradients. Comparison between satellitesiandiata in this region
highlights the need for more nesuirface irsitu data for validatio in this region, particularly nearshore over the lowest
salinities. The current lack ofearshore low salinity isitu data limits the confidence in and ability to validate satellite data
over regions of very low salinities (< 20 ps®d limits our undetanding of vertical stratification over the shelf, particularly

given its high spatial and temporal variability.

GLORYS12V1 andSatellite SSS data confirmehat in-situ data has previously suggestidit thezonal windis thedominant
driver of offshee/onshoreLena-rivetena Riverplume transport, with strongpnsensus in SSSatternsunder eastward and
westward wind regimes GLORYS12V1 LOCEAN SMOS and JPL SMARnnual, summer anspringrunoff donot appear

to play arole in controlling interanndavariability in SSS SST or SIdn the Lapev and East Siberian sed$e zonal wind
also plageda key role irdriving ef-SSTvariability and appeaedto drivebethspatial variability insea-ice-concentrati@iC
across the Lapteand/East Siberian Seand-variability-intaptev-3%. Thedifferences in spatial patterns of SSS and SST

under eastward/westward wind forcihgghlight the importance of the zonal wind for dispersing riverine heat and in turn

controllingthe SST/STA positive feedback, whichlgys a considerable role in driving further SST warming in shallow open
water regionsThe dominance of local wind streas a driver of salinity and temperature variahilégd its strong correlation

with the AOI and largescale atmospheric circulationighlights the need to understand how laadl largescalewind stress

has and will change as the Arctic warms in order to predict changes in freshwater storage and transport from the Hurasian she
seas. The interconnected nature of SSS, SSEeméeconcentratioBIC in this regionhighlights the challenge but algioe

need to understand this region as a system rather than trying to understand drivers of individual components in is®lation. Th
will prove vital to be able to predict how the conflictidiganges in this region wilinpact both this region angider Arctic

sea ice dynamics and freshwater transport
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Appendix A

Only observations in the upper 10m are used for comparison with satellite data. The same analysis was conducted using only

data i the upper 5m with no significant improvement. The analysis shown here is for the upper 10m to retain as much data as

possible.

Table A: Cruises, vessels and timeeriods of salinity and temperature insitu data used for analysis of vertical profiles ad«——

comparison with satellite data

{ Formatted: Don't keep with next

(Janout et al., 2019)

Akademik

Lavrentyev
Akademik Mstislav|

20" Septembeii 20" October

Supplemetary materialg

2016
23¢ Septembei 13" October

Keldysh

2019

(Osadchiev et al., 2021

All satellite and reanalysis products described above are compared with data over 2033020.The regridded SMOS

data and GLORYS12V1 reanalysis (on a 0.25° grid) are used for comparison ‘with data. BotiPearsoncorrelation

Cruise Name Vessel Time Period Reference ~(Formatted_Table
UDASH dataset (inc| Numerous 20102015 (Behrendt et al., 2017)

NABOS cruises 2013

2015)

NABOS  cruise 2018/ Akademik 39-17" October 2018 {Polyakov—and—Rembe (Formatted: _Strikethrough
UCTD Tryoshnikov 2009 | ( Formatted: _strikethrough

( Field code Changed

[ Field Code Changed

coefficients and roeinean square difference (RMSD) values are calculated for each individual product at all collocations

(across the entire area and time perioefveen irsitu data and that product. Correlation coefficients and RMSD values are

also calculated only where all products have a collocation wifturdata. However, over 202920, few insitu observations

are collected sufficiently near the surface (< 10 m) over regions where all satellite products obtain an SSS measuyement (onl

37 collocations). Therefore, RMSDs and correlation coefficients are also calculated for SMOS products and reanalyses over

the longer SMOS time period (202D20) to obtain more collocations (228PL SMAP _and LOCEAN SMOS have

particularly high correlatiogoefficients and low RMSD values and agree well so are used for further analysis.
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Table Al: Correlation coefficients from in-situ SSS data < 10m over 2018020 (left) and 200-2020 (right) with GLORYS12V1, [Field Code Changed

BEC SMOS and LOCEAN SMOS products regridded at a 0.25 degree spatial resolution, JPL SMAP in regions where the provided
SSS uncertainty is less than 1RSS SMAPand the four CMEMS global ensemble reanalysis products: GLORYS2V4, ORASS,
GloSea5, and GGLORSO05. Correlation coeficients are calculated both at all points where an individual product is collocated with
insitu data (All obsv <10m) and for only where all products had a collocation point near insitu data (Common obsv <10m). Tler
are 57 collocations between albroducts over 20152020 and377collocations over 200-2020.The p values associated with correlation
coefficients are not included but are all <<0.01.

20152020 20102020
All obsv <10m Common obsy All obsv <10m Common obsy
<10m <10m
Num Corr Num Corr Num Corr Num Corr
obsv coef obsv coeff obsv coeff obsv coeff
GLORYS12V1 222 0.80 |57 075 [1667 [0.78 [377 0.65 | ( Formatted Table
regridded onto 0.25
gridgterys—rg—025deg
BEC SMOS regridde( 133 0.79 0.79 396 0.76 0.75
onto 0.25° gribee—+g
LOCEAN SMOS| 132 0.86 0.92 406 0.84 0.84
regridded onto 0.25
rid
JPL  SMAP (wherd 100 0.92 0.95
uncertainty < Jplultt
RSS SMARSss 67 0.93 0.93
C-GLORSO®glo 219 0.75 0.73 1672 0.72 377 0.61
GloSea%sam 219 0.84 0.78 1672 0.88 0.75
GLORYS2V4gler 219 0.81 0.75 1672 0.72 0.48
ORAS5sras 219 0.85 0.83 1672 | 0.89 0.80

Table A2: Root mean square differences (RMSD) from irsitu SSS data < 16 over 20152020 (left) and 200-2020 (right) with<—— { Formatted: ~Caption

GLORYS12V1, BEC SMOS and LOCEAN SMOS pralucts regridded at a 0.25 degree spatial resolution, JPL SMAP in regions [F' 0 Code Ch "
ield Code Change!

where the provided S$ uncertainty is less than 1 RSS SMAP and the four CMEMS global ensemble reanalysis products:
GLORYS2V4, ORAS5, GloSea5, and @5LORS05. RMSDs are calculated bothat all points where an individual product is

collocated with insitu data (All obsv <10m) and for only where all products had a collocation point near insitu data (Commabsv

<10m).There are 57 collocations between all products over 202820 and 377 cdbcations over 20162020.

20152020 20162020 ‘

43



All obsv <10m Common obsy All obsv <10m Common obsy
<10m <10m
Num RMSD | Num RMSD | Num RMSD | Num RMSD
obsv obsv obsv obsv
GLORYS12V1 222 3.16 57 4.28 1667 1.88 377 269
regridded onto 0.25
gridglerys—rg—625deg
BEC SMOS regridde( 133 2.90 3.74 396 2.21 2.25
onto 0.25° gribee—g
LOCEAN SMOS| 132 2.53 2.74 406 2.07 1.97
regridded onto 0.25
gridleeean—rg
JPL__SMAP__ (wherq 100 1.85 2.19 - | Formatied Table
uncertainty < Jipl—uitt
RSS SMARSss 67 2.77 2.16
C-GLORSO=gle 219 3.75 4.18 1672 2.30 377 2.67
GloSea%oam 219 2.83 3.88 1672 1.40 2.40
GLORYS2V4gier 219 3.04 3.93 1672 2.14 3.25
ORASSras 219 2.75 3.74 1672 141 242

The satellites products show a good agreement witlitinmeasurements within thept 10m, with a correlation coefficient
typically higher than 0.62 and up to 0.83. The RMSD witlsitn is typically between 1.1 and 1.65. Despite this relatively

910 high error in RMSD, due to the large range of SSS observed over this small area (5 tth3fatdsetare well correlated.
JPL SMAP, LOCEAN SMOS, and the median sat product stand out as having particularly high correl&iBhdoefficients
compared to all other products. Over the full SMOS period, the LOCEAN product correlates strahdtysitu data (r =
0.83) but the BEC product is less strongly correlated (r = 0.67).

915 The collocated irsitu data (common obsv <10m) are all located in low sea ice regicB8%<SIC), where satellite SSS

retrievals are possible. Over the Laptev Seasthong horizontal gradient in SSS maintains lower salinities nearshore on the

continental shelf and relatively higher salinities > 30 offshore. Therefore, the salinity range captursdibghbservations

only collocated with one satellite product/GL®812V1 typically includes a larger range of salinities (with more SSS values

<30) than that captured by-gitu observations collocated with all products. Hence, the correlation coefficients of almost all
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920 products are larger when considering albitu otservations collocated with that product due to the larger range in SSS than

when considering only iitu observations collocated with all products.

Whilst GLORYS12V1 appears to correlate well withsitu data when considering all its collocations ©.%9 over 2015

2020 and p0.78 over 201:2020), the correlation deteriorates when only considering observations where all satellite products

925 have a collocation (r < 0.35 over 202820 and r < 0.63 over 20PD20). This same pattern is visible in all otheanalysis

products considered. This decrease in correlation indicates that the reanalyses manage to replicatsdhle laogizontal
gradient in SSS (between the fresh plume on the shelf and the more saline water that sits off the shelf, cepgbusaeei

not capable of representing the spatial variability at lower SSS values and hence of finer scale river plume dynamjsss Reanal

RMSDs from insitu data are also all larger than those of any satellite product. The lower RMSDs and straatgiocor

930 coefficients of all satellite products compared to reanalyses highlight the value satellite SSS products bringhias@rttic
process studies.
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Appendix B

METSS 6

-0.75 0.00
METSS/Runoff vs GLORYS SSS 9 corr

935 Figure Al: Correlation between GLORYS12V1 September SSS anghean eastward turbulent surface stress (METSS) over0-80
North and 120-160 Eastin June (6), July (7), August (8) (left column) over 1992022. Correlation between GLORYS12V1

September SSS andumulative Lena River runoff over the full year Julian day 365), in summer (Julian day 250) and in spring R
statistically significant (pOO0.05)

(Julian day 150) (right column) over 1992022.Reqgi ons wher e correl ations are

white contour and brighter colours.
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METSS 6 Runoff 365
- — -

-0.75 0.00 0.75
940 METSS/Runoff vs GLORYS SST 9 corr
Figure A2: Correlation between GLORYS12V1 September SST and mean eastward turbulent surface stress (METSS) ov6:80« [ Formatted: ~Caption ]

North and 120-160 Eastin June (6), July (7), August (8) (left column) over 1992022. Correlation between GLORYS12V1
September SSS andumulative Lena River runoff over the full year (Julian day 365), in summer (Julian day 250) and in spring
(Julian day 150) (right column) over 199%2022.Reqgi ons wher e correl ations are statisticall

945  white contour and brighter colours.

y significant (pO0.05)
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GLORYS 2015 LOCEAN 2015

mw\“."

JPL 2015

LOCEAN 2014

26 28 30 32 34
SSS under wward wind forcing
Figure AZ-A3: Years of westward wind forcing for all years used to calcaite westward composites for (left to rightf GLORYS12V1 [ Field Code Changed

SSS and LOCEAN SMOS (2019, 2011, 2013) and for JPL SMAP (2019, 2015, 2020). TGi®ORYS12V1 mean 30% sea ice
950 concentration contour and meanGLORYS12V1 sea ice area (SIA) in the Laptev Sea (12040, 6885N) for each year shown is
overlaid on that yeardés plot.
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