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Abstract. Fthe southern-WeddeltSea-and-Storms have been suggested to drive enhanced southward transport of modified Warm
known location of dense bottom water production and are-thus-conneeted-i MQMWIA@Q to the global climate system.
However, ithas-been—suggested-that-increased heat transport

iee-cavities-would-disrupt-the-could lead to higher ice shelf melt rates and disrupt dense water productionand-inerease-tee-shelf
meltrates—Proeesses-that-affeet-. The role of storms and wind forcing in enhancing the southward heat transport are-therefore

is therefore of interest. We utilize observational

records spanning up to four years of data from a network of moorings deployed in the Filchner Trough region in-the-southeastern

A-to-to investigate how the
regional ocean circulation responds to storm events. We find that about 70% of the events-thatlastlonger-thanfour-days;have-a
cumulative-westward-stress-inerease-targer-than—-and-a-storm events that i) last sufficiently long (longer than 5.7 days), ii) have

a large enough accumulation of ocean surface stress anomaly throughout the storm (larger than 0.9Nm ™2 day_lg,vgnvdviiilgrvq
severe enough at their peak intensity (maximum stress above leads-0.5Nm™<) lead to a significant increase in the speed of

the Antarctic Slope Current (ASC) just upstream of Filchner Trough —Reughly-ene-third-while roughly 25% of the identified

storm-events-eatse-an-events also cause increased southward current speed on the shelf at depths where mWDW is expected to
be present during the summer and autumn. At the southernmost mooring ;-(76°S;-sterat-) storm-driven responses are observed

mainly during the latter part of the record (mid-2019 to early 2021). This interannual variability in storm response indicates a

potential dependency on background hydrography and circulation that remains to be fully explained. This study highlights the

potential importance of storms for southward heat transporttowards-the-Antareticice-shelves—Warm-water-thatispresenton-the
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transport-and-the likelthood-that it reaches an accelerated circulation on the shelf increases the likelihood for warm summer
inflow to reach the ice shelf front and cavity before the heat is lost to the atmosphere during-winter-through winter convection.

1 Introduction

Sudden-strong-Strong ocean surface stress events — “storms--hereafter referred to as storms — are-suggested-have been suggested
Darelius et al., 2016; Dundas et al., 2024) to cause enhanced southward transport of modified Warm Deep Water (mWDW, ~

—1.5°Ct00.0°C, Nicholls et al., 2009) across the continental shelf in the southeastern Weddell SeaParelius-et-al2016: Dundas-et-al;202

~whieh-is-teday-, This shelf is currently characterized as a cold, dense shelf region (Thompson et al., 2018) with an outflow of
dense Ice Shelf Water through Filchner Trough (Foldvik et al., 2004). Southward intrusions of mWDW, originating from the
open ocean north of the continental shelf break (Ryan-et-ak:20+6)(Arthun et al., 2012), are mostly limited to the summer sea-
son when the thermocline at the shelf break is shallow (e.g., Darelius et al., 2024b; Arthun et al., 2012). These intrusion-deep
intrusions of mWDW onto the continental shelf extends-up-to-roughly-typically fill the water column below 300m depth, creat-
ing a thick layer of warm waters below the cold surface waters (e.g., Steiger et al., 2024; Arthun et al., 2012). The warm water
then-propagates southward throughout faltreaching76S;-autumn and reaches roughly halfway south to the Filchner Ice Shek;
Steiger et al., 2024; Ryan et al., 2017; Sallée et al., 2024).

Darelius et al. (2016) suggested storms-as-a-driver-of-that storms can drive particularly far-reaching intrusions of warm water,

Front several months later

as they observed eeineiding-coincident events of strong, short-lived anomalies in wind speed and enhanced ocean currents

carrying mWDW southward along the eastern flank of the-FilehnerTroughtoward-the Filehnerleefront—In-medel-studies;
mWEW-ontering lichuor Trough. It hes furher been suggested hat if mWDYW consistantly entsesthe Filhner Iee Shelf cay-
ity along this path has-been-suggeste er-the system could shift from a
cold to a warm regime with dramatically increased basal melt rates in the future (Hellmer et al., 2012, 2017). Enhanced basal
melt affects seatevel-deep water production and the hydrography on the continental shelf, deep-waterproduction,—and—by
extension; the-global-elimate-as well as sea level through reduced buttressing of continental ice flow into the ocean, and thus
is of global importance (Orsi et al., 1999; Marshall and Speer, 2012; Jacobs, 2004). Given these implications, this study aims
to deepen our understanding of how sudden-strong-wind-events-storms affect the circulation and the transpert-of-heat-in-the

southward heat transport in the Filchner Trough region.
A-The strong horizontal density gradient knewn-as-characterizing the Antarctic Slope Front (ASF), separates the cold shelf

waters from the warm water of the open ocean (e g., Gill, 1973; Jacobs, 1991; Thompson et al., 2018). Inthe-WeddeH-Sea;

persistent westward wind field (Hazel and Stewart, 2019) and the ASF suppeortis associated with the strong westward Antarc-
tic Slope Current (ASC, e.g., Thompson et al., 2018; Gill, 1973). The ASF and the ASC thus make up a strongly coupled
system. Fhe-strong-easterhies-during-winter-Wintertime easterlies lead to Ekman convergence and coastal downwelling that
will-act to steepen the ASF and sustain a strong ASC (Thompson et al., 2018). The-winds-are-generally-weaker duringsammer
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Heowever—the-In the Weddell Sea, the ASF relaxes during summer due to weaker wind and stronger surface stratification
Hattermann, 2018; Daae et al.

2017) and allows warm water to access the continental shelf (e.

3 2

The relationship between the wind, the ASF, and the ASC is different on shert-timeseales—

Sudden-strong-easterlies-inerease-the-Sea-Surface- Height-subseasonal time scales: Strong easterlies associated with storm
events increase the sea surface height (SSH) slope through Ekman transport towards the coast, which enhances the barotropic

component of the ASC. This-The storms, however, do not act sufficiently long to steepen the ASF. The increase in the barotropic
component of the ASC is the main mechanism by which storms are suggested to enhance the heat transport towards the

ates, as it strengthens

the circulation on the shelf and meves-accelerates the southward motion of warm waters already present on the continental

shelf faster-towards-thesouth-(Darehius-et-al;2016: PDundas-et-al52024—TFhe—(Darelius et al., 2016; Dundas et al., 2024). In
the current climate, the water column on the shelf is homogenized during winter (Ryan et al., 2017; Sallée et al., 2024), and all

heat is lost to the atmosphereRyan-et-al52047);so-the-. The warm inflow must traverse-the-therefore traverse the roughly 400

km-wide continental shelf during the summer season if it is to reach the ice shel-front and the Filchner Ice Shelf cavity.

Filchner Ice Shelf cavity:-a

The deep Filchner Trough crosscuts the southeastern Weddell Sea continental shelf and acts as a southward gateway for

mWDW towards the Filchner Ice Shelf cavity in-theseuth-(Fig. 1). At the mouth of Filchner Trough, the ASC bifurcates as the

diverging isobaths steer a small branch of the current seuthward-along the eastern flank of the trough deftmest-erange-arrew-inFig—-e-g5 D

westernmost orange arrow in Fig. 1, e.g., Nicholls et al., 2009; Foldvik et al., 1985). Part of this southward-flowing current
recirculates on the sill and joins the northward flow of Dense Shelf Water (DSW, Daae et al., 2017; Foldvik et al., 2004).

The remainder of the current continues south (e.g., Daae et al., 2017; Steiger et al., 2024), advecting warm mWDW southward

along the eastern flank of Filchner Trough and-ente-the-continental-shelfeast-of-the-trough-(e.g., Ryan et al., 2017; Darelius

etal., 2016; Daae et al., 2020). Intrusions of mWDW have also been observed further east, as indicated by the two easternmost

arrows in Fig. 1

etrentation-(Steiger et al., 2024; Nicholls et al., 2009; Sallée et al., 2024).
The circulation and hydrography in Filchner Trough is-affected-bylarge-seale-variability-in-the-iee-shelf-eavity such-as
changes as the circulation below the Filchner-Ronne Ice Shelf shifts between the “Berkner” and “Ronne” modes of Ice Shelf

Water production (ISW, below-freezing temperatures, e.g., Foldvik et al., 2004);-where-the-. The “Ronne”-mode is connected
to-enhaneed ISW-outflow-characterized by large-scale cavity circulation and enhanced outflow of high-salinity Ronne-sourced
ISW through Filchner Trough, while the “Berkner’-mode is characterized by more prominent local circulation and locall

sourced ISW with lower source salinities (Hattermann et al., 2021; Janout et al., 2021).

Idealized numerical experiments support the hypothesis that storms ean-enhance the southward heat transport asteng-as-warm

wafeﬁ%pfe%eﬂ% increasing the circulation on the continental shelf aﬁekfheﬁefmﬂﬂ—wfﬁeteﬂﬂ%sffefrg—aﬂd%eﬂg-lzﬁﬁﬂg{e

Arthun et al., 2012; Ryan et al., 2017; St
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Dundas et al., 2024), but historical mooring records do not consistently show a relationship between southward transport and
strong winds-at-76S-wind (Ryan et al., 2017).

In this paper, we investigate-how-the

Oncu oot g-aata om—tncuppe ontmenta ope;tn i ot gn 5 1k
) 1)

We-focus on this relationship and investigate the conditions during which streng-ecean-—surface-stress-drives-enhaneed-currents
ever-storms drive enhanced currents along the slope and into Filchner Trough —We—first-using up to four-year-long records

E)

of concurrent mooring data. First, we present a case study thatshews-the-current’spotential-response-to—a—sudden;strong

as—the-average-and a composite analysis of the oceanic response to storms and the ambient atmospheric conditions during
these-eventsthe storms. We then eensider-investigate why some events cause strongly enhanced currents while others do not 5

and-asthy-and finally, we briefly discuss a shift in hydrographic conditions and circulation that occurred during 2049;-which

eireunlation-in-the-regioncirculation on the continental shelf and attempt to determine when and why the events enhance the
southward flow east of Filchner Trough.

2 Data and methods

2.1 Mooring records

We analyze velocity -temperatireand-salinity recordsfrom-sevenrecords from six moorings in the Filchner Trough region in
the Seutheastern-southeastern Weddell Sea (Fig. 1). The mooring names indicate their geographic location: Mgjpe1 (Darelius

et al., 2024a) and M;,pe2 (Darelius et al., 2023b) were positioned on the upperpart-of-the continental slope, just north of the
shelf beak, and captured the ASC just-upstream of Filchner Trough. Mg;;;5 (Dsterhus, 2024) and Mg;;;q (Steiger et al., 2024)
captured the outflow and inflow en-across the Filchner Trough sill, respectively. Mg (Steiger et al., 2024) was located in the
trough just east of Filchner Trough, which we refer to as the “Small Trough” (Fig. 1). M g2 (Darelius et al., 2023b) and M¢s3
(Steiger et al., 2024) were located on the continental shelf on the eastern flank of Filchner Trough. The mooring locations
are shown in Fig. 1, and their deployment details are given in Fig. 2 and Table 1. The mooring records span a varying period
between 2017 and 2021, but their velocity records overlap for at least 20months (Fig. 3).

We rotate the coordinate system at each mooring to align with the mean flow direction, which roughly aligns with the local
isobaths (see Fig. 1);-where-a-. A negative sign indicates current speed in the mean flow direction since the mean flows are
roughly westward (M;ope1 and My;ope2) and southward (M1 and Mgr). Moo and My;y5 are the exceptions:at-, At M5
a positive sign indicates current in the main flow direction since the-main-flow-direction-is—roughlynorthward;-and-at-it is
directed roughly northward. At Mcgo we align the coordinate system with the local isobaths {see-Fig—)-with-as the mean
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Figure 2. Sketch of the moorings indicating the depth-of-available-observation-depths with observational records according to the legend.

Herizental-Tightly spaced turquoise lines indicate i ADCP measurements

(Acoustic Doppler Current Profiler) bins (M1, Msiope1, and Mgjope2), and dotted lines indicate discarded bins. Fhe-brown-herizontal
bineindicates the | .

current direction shifts (Ryan et al., 2017, and Fig. 1). After rotation, a negative sign indieating-indicates flow towards the
southwest.

All analyses are carried out using hourly mean velocity records:-we-interpolate-the-datafrom-. The moorings Mg;pe2, Mcg2,
and M5 »-which-are onra-two-hourty frequeney;-had a sampling interval of two hours for velocity; these records were linearly
interpolated onto hourly time steps.

For-moorings-with-highvertieal resolution-Where possible, we have used the depth averaged current as we expect the storm
response to be mainly barotropic (Msiope1, Msiope2, Mg ):we-base-the-anatysis-on-depth-averagedeurrents—, At M1 where
the time series from one level is significantly longer than the others we chose to include only data from that level. At mooring.

Mo, the currents at the upper instrument are weak and erratic, and we chose to include only the lower level. The levels
included are marked in Fig. 2. At Mjope1 and Mjope2, the data quality of the upper bins is poor during winter ¢due to too few

scattering particles), and we’ve discarded levels with less than 43% data coverageat-and-. Data gaps shorter than six hours are

filled by linear interpolation.

While velocity is the main variable in this study, temperature and salinity are used in parts of the analysis. Data from a
seventh mooring, Mcs3, located just west of M g2 along the eastern slope of Filchner Trough is included when discussin



Table 1. Overview of the moorings. The indicated significance values-limits (Section 2.5) for storm response are negative for all moorings
except M5 because their main observed flow directions are-have a strong westward or southward component. The significance value at
M5 is positive because the main flow direction is-has a strong northward component. No significance value is indicated for Mc 53 because

this mooring is dominated by northward flowing ISW and not used in the storm response analysis. Information about instruments, calibration,

and data processing can be found in the indicated data reference.

heightMooring Original Deployment/  Lon/ Bottom Significance ~ Data

name name Recovery Lat depth [m]  value [cm s71] reference

Mgiope2 (UiB) M3 24.02.2017 29°54.48°W 740 -9:66-8.72  Darelius et al. (2023)
14.02.2021 74°33.00°S

Miioper (UiB) M6 24.02.2017 29°54.97W 530 -7:64-7.88  Darelius et al. (2024)
13.02.2021 74°35.70°S

Mg;1 (LOCEAN) P4 11.02.2017 30°23.01'W 435 -6:64-6.83  Steiger and J.-B. (2023)
15.02.2021 74°51.00°S

Mst (LOCEAN) P5 09.02.2017 28°38.22°W 437 -5:67-6.92  Steiger and J.-B. (2023)
09.03.2021 75°23.38°S

Msius (NORCE) S2 07.02.2018 31°49.84°'W 636 +775-18.31  @sterhus (2024)
16.02.2021 74°51.32°S

Mcs2 (AW]) A253-3 05.02.2018 31°01.42°W 471 726626 Janout et al. (2022)
01.03.2021 76°02.74°S

Mcss (AWD) A253-4-A254-3  05.02.2018 31°29.79°W 606 N/A Janout et al. (2022)

02.03.2021 75°57.68°S

the shift from Ronne to Berkner mode (Fig. 2, Section C). We present temperature and salinity as conservative temperature,
140 ©, and absolute salinity, Sa, following TEOS-10;-unless-otherwise-stated. We use the Gibbs seawater package for Python in

conversions (McDougall and Barker, 2011).

2.2 Estimation of ocean surface stress

Ocean surface stress is estimated following Dotto et al. (2018), who estimate the air-ocean stress and ice-ocean stress separatel

and then combine them as fractions of the sea ice concentration as follows:
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Figure 3. Overview of storms (dashed and solid vertical black lines) and storm responses (colored vertical bars) at the moorings. Horizontal

lines show the duration of the mooring records, and dark colored vertical bars indicate a significant storm response. Light vertical bars show

storm responses stronger than the 70" percentile of background current increase (see methods 2.5). Storms with a significant response at

both Miope1 and Miope2 are shown as solid, black vertical lines. The gray circles indicate the duration (color) and change in ocean surface

stress, 7, per day (size) for the identified storms.

145 7 = a7 ice—water + (12 ) T air—uater, M)
7 iceuater = punter Cin|U e Usee,_and @
“)

Here o s the sea ice concentration, puqrer = 1028kgm ™2, puy = 1.25kgm™ are the densities of water and air, and Cg = 1.25 x 1072

150 and Cj,, = 5.50 x 1073 are the drag coefficients between air and ocean and ice and ocean, respectively. 7 and 7 ir are the
velocities of the ice and the air. The coordinate system is rotated 30° counterclockwise to roughly align with the coast in the
Upstream box, and we use the along-slope component of the ocean surface stress in the following analysis.

2.3 Atmospheric and sea ice data

We use 10m wind velocity, sea ice concentrationtSC), and mean sea level pressure from ERAS (Hersbach et al., 2023). In

155 estimations of the ocean surface stress, 7. (Eq. 4) used to identify storm events during the mooring period (Fig. 4), we use
three-hourly 10m wind and sea ice concentration from ERAS over a region upstream of Filchner Trough (“Upstream box”
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Fig. 1). For the maps in Figures 5-6 and 9, we use daily averaged output from ERAS. The anomalies of wind velocity and mean
sea level pressure in Figure 6a,b) are referenced to monthly averaged March fields from 1990 to 2023. The sea ice concentration

is referenced to the monthly climatology (average over the past 30years), linearly interpolated onto daily values.

? — a?’ice—wa,ter + (1 - a>?ai7'—1ua,ter';

?icefwater - pwaterciw|7ice|ﬁice: and

?airfwater - paircd | ﬁair | ﬁair:

-3

‘We consider the ERAS reanalysis a suitable data source for our

urposes, as in situ observations are sparse and have limited spatial coverage. Caton Harrison et al. (2022) conducted a detailed
comparison of coastal easterlies in three reanalysis products with satellite and in situ observations and concluded that ERAS has

the overall best performance. However, ERAS underestimates coastal wind and Cyr=-5-50-<10—3-are-the-dragcoefficients
between-air-and-ocean-and-ice-and-ocean;respectively;-and-U—and-Ug;are-the-veloeities-of the-iee-and-the-airwind speeds

g)g/cveveg\i/gggOms‘l in this region (Caton Harrison et al., 2022). It is therefore possible that the strongest wind events identified
during our study period are underestimated in magnitude.

We-use-sea—tee-motion—from—the Upstreambex—(Fig—H-—The sea ice motion data is from NSIDC (Tschudi et al., 2019a)
and stored-is available on the 25km EASE-Grid (NSIDC, 2019). We ;-thus;-average over the grid cells that overlap with the

Upstream box and eenvert-the-data—to-northward-apply a rotational matrix to obtain the north and eastward components by
applyingarotational-matrix-as described in the-data-set’s-userresourees(INSIDC;2024)to-estimate-the- NSIDC (2024).

2.4 Identification of “'storm” events

The following procedure is used to identify events of strong ocean surface stress—
Therecords-of-westward—, “storms”. We de-trend the records of along-slope ocean surface stress are-de-trended-and-then

and apply a high-pass filtered-using-afourth-filter (4" order 180 day Butterworth filterto-remeve-) to remove the seasonality.



190

195

200

205

210

215

220

We then identify storm events as periods when the cumulative stress increases monotonically for more than 12h and where the
total increase is at least —We-combine-two-storm-events-into-one-3.5Nm ™2, We thus disregard the shortest and weakest wind
events from further analysis, as we do not expect them to cause increased circulation (Dundas et al., 2024). Two storm events
are combined if they are less than 15hours apart. This condition is based on idealized model resultsfrom-Dundas-et-al(2624);
whieh-indieates-, which indicate that the circulation increases throughout the storm duration and stays enhanced for a few days
after the storm has passed (Dundas et al., 2024). This means that a storm that occurs shortly after another adds momentum to

an already enhanced current field. Wi

We use the cumulative ocean surface stress instead of the ocean surface stress directly because of the highly variable nature
of the
Wgw&WWIOW pass filter woutd-have-to-be-applied,-which-makes-but that would
make the identification of storm start and end imprecise. The-benefit-of-our-proeedure-This is illustrated in Fig. Ala,b.

The “Upstream box” was chosen because upstream wind forcing has been found to drive variability in circulation in this
and similar regions on longer timescales (Daae et al., 2018; Lauber et al., 2023). The wind-speed variability in the Upstream
box is representative of the conditions in a large area surrounding the box (Fig. A2). A comparison of storm events identified
using the Upstream box and a more local box (Fig. A3) gave similar but slightly poorer coherence between storm events and
storm response at the slope moorings for the local box. The variability in the ASC strength observed at the slope moorings

and remote wind forcin

is relatively high and caused by e.g. baroclinic eddies, continental shelf waves Jensen et al. (2013

Webb et al., 2019). We therefore do not expect to explain all ASC variability by using our Upstream box, but rather aim to
identify regionally forced peaks in ASC strength.

2.5 Significant storm response

We need-a-definition-of-the-eurrent’s-define the “storm response’ &ﬁdﬁﬁﬂlg@ﬂthm%&eva}ua{&whefher—&ﬁﬂﬂefea%eﬁeeeaﬂ

-as the increase in current
strength following a storm and quantify it as described below and illustrated in Fig. Ald. Prior to the analysis, the current
records are low-pass filtered using a feurth-4" order Butterworth filter with a cut-off at 40h to remove shelf waves (Jensen

et al., 2013) and tides.

For
each storm, we esﬂmafe%h&mefeas&m—euﬁaﬁ&eﬂgﬂﬁe}&ﬂvﬁe%h&mm time (t = to) of W

Stress, Tmaz (sketch in Fig. Ald) —We-and we identify the maximum current strength during a ten-day period spanning three

days befoere-to-prior to and seven days after 7,45 (Unmaz(to — 3days : to + 7days)). This maximum current is compared with
the average current two days before the ten-day period (Uean (to — 5days : to — 3days)). We define the difference between

the two-day average and the maximum current as the eurrent’s-‘storm response” (Uresponse, Fig. Ald),

Uresponse = Umaz (to — 3days : to + 7days) — Umean (to — 5days : to — 3days) 5)

10
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and b) storm duration in color. ¢) shows the total sterm-eotntnumber of storms per month.

To assess whether a storm response is significant, w

whether the observed increase in current strength exceeds the background variability, we use a Monte-Carlo:-like approach. We
= the overlap between sample periods would be too large to act as randomized tests. Instead, we estimate the current increase
225  (Upesponse) during all 10-day-long, 50% overlapping, storm-free windows —H-astormresponse-(an example for Mgope1 i
shown in Fig, Alc). If Uycsponse during a storm is higher than the 90" percentile of these-Uesponse during the non-storm
periods s-we-consider-the-stormresponse-significant-(example-for-(vertical blue line in Fig. Alc)-Each-mooring-consequently
. we consider the storm response significant. Each mooring has its own threshold for significance due to differences in the
background variability (Table 2). The number of 10-day-long storm-free periods ranges from 88-te-243-96 to 215.

230 2.6 Seureesalinity-estimates
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245 3 Results and discussion

We identify 41-strong-wind-38 strong ocean surface stress events that we classify as “storms” between February 2017 and
February 2021 (Fig. 3). The storms are spread-distributed relatively evenly throughout the four years, though the strongest and
longest storms occur during fal-spring and autumn (Fig. 4). All moorings consequently experience several storm events, and
even the M5 mooring, which has the shortest record length (20months), experiences +7-13 storms (Fig. 3). We find that

250 while multiple-many of the storms cause a significant response in-the-cireulation-at-many-of-at the mooring locations, severat
other storms do not (Fig. 3). Additionally, several storms cause a significant response at some of the mooring locations but not
at all of them (Fig. 3).
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3.1 Case study: Storm-driven circulation increase at all moorings

We select-atong-(+0days)-and-present a case study of a particularly strong (Timaz = 1 Nm™?) storm-and longlasting (10days)
storm event in March 2018 W&e%empl&&%w@m%ee%%h&w&eﬁ%&thﬂgj@%@moormg
locations (Fig. 5a).

The storm response at Mgjope2 and Mg ope1 18 associated with an increase of the ASC of roughly 15cms™ that lasts for four
days and occurs directly after the maximum peak in ocean surface stress ;-and-the-current-is-enhaneed-by-roughly-westward
(Fig. Sb)fer-abeutfeurdays. At both Mg;;;1 on the eastern flank of the sill and Mgr in the Small Trough, the response is
maximum, although the ocean current anomaly is shorter than at the slope (1-2days, Fig. 5c¢). At M5, the storm causes a
significant nerthward-respense-(i-e—an-inereased-increase in the outflow of DSW (Fig. 5d), although this-is-the high variability
during the storm period at this mooring makes this less evident in Fig. 5d relative-te-than at the other mooring locationsdue-te

. At M2, along the eastern flank of Filchner Trough at 76°S, the southward storm response reaches 10 cms™!, and the
maximum current occurs shortly after the maximum stress-during-the-sterm-ocean stress (Fig. Se).

This storm, which gives a clear current response all the way south at Moo, is caused by a large low-pressure system
positioned over the southern Weddell Sea (Fig. 5£6a). The cyclonic circulation of the low-pressure system hugs the coastline,
creating a patch of anomalously high along-coast wind speeds-stretching from roughly 30°W to 20°E (Fig. 5g6b). During the
three days before and after 7,4, the high wind speed builds up and dies down without an evident along-coast propagation (not
shown). The average SIC-sea ice concentration on the eastern continental shelf and upstream of the trough is lower than the

sea ice climatology, and the sea ice movement is relatively high over the continental shelf break (Fig. ShyH)—We-hypothesize

the-effeet-of-6¢,d). This case study emphasizes the remote effect that upstream ocean surface stress conditions can have on the
local Filchner Trough circulation, in agreement with, e.g., Daae et al. (2018) and Lauber et al. (2023).

3.2 Composite analysis: the mean storm response

14
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Fellowing-the-ease-study——which-provides-evidenee-Our case study suggests that a storm can cause both an enhanced ASC

and enhanced eurrent-currents far south along the flank of both Filchner Trough and the Small Trough;-we-. We, therefore

ARSI

conduct a composite analysis of the

elasses—these-mooring records using the identified storms to determine the mean storm response. For each mooring we make

two composites: one for storms that give a significant respoense-and-these-storm response at the mooring and one for storms

that do not. The composites give several-consistentindications-of the-effe

At-and-Our results are sensitive to the choice of threshold for a significant storm response (held at the 90™ percentile of

current
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increase). If we lower the significance threshold
2018—03‘31 7_()18—(3“'01 i from, e.g., the 90" to the 70" percentile, the
ercentage of storms that are considered to give

a significant response at both slope-moorings
(Misioper swhere-we-and Miiopez) increases from
34% to 66% (Fig. 3). However, we choose to kee
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Figure 5. The response to the storm event that started on the 17" of March a significant response at Mgioper and Mgiopea,
2018 (dotted, gray vertical line) and reached maximum ocean surface stress, not shown). This is substantially less than the
Tmaz, on the 22 of March 2018 (dashed, black vertical line). Time series of high-frequency ~ fluctuations M@E@Q\CHNB?
a) ocean surface stress (7) averaged over the Upstream box (black sticks), the

depth caused by shelf waves and tides
] . ] .‘ ] l F ]gg 299 - S 9 i DaFE]i!IS, 2‘
which are on the order of 100 — 200m, Semper and Dareliu:

. and thus, depression of the thermocline caused

strength of the along-slope (blue) and cross-slope (orange) components, and the
cumulative along-slope 7 (gray, de-trended and 180 day high-pass-filtered). The
along-flow current speed at b) Myjope1 (red) and Mgope2 (pale red), ¢) Mg
(green) and Mgt (gray), d) M5 (yellow), and e) the current speed following

the bathymetry at Mc g2 (purple). See Figure 1 for mooring locations. by the storms does not substantially impede

16 the access of warm water onto the continental

shelf. Although—the—development—of—a—fresh
and—warm—surfacelayer-has—been—suggested—to
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Figure 6. The atmospheric and sea ice conditions during the storm that started on the 17" of March 2018 and reached maximum ocean

surface stress, T, , on the 22" of March. Anomalies of the a) mean sea level pressure with 10m wind velocity vectors and b) absolute

10m wind speed averaged +3 days of 7,,,, relative to the average March field (1990-2023). ¢) Sea ice concentration averaged over the two

days before the storm starts relative to the climatology (past 30years). d) Sea ice velocity (Tschudi et al., 2019b) averaged +3 days of Tyq..

White regions indicate missing data or areas without sea ice. In a,b), the Upstream box and the region shown in c,d) are indicated, and in

c,d), the 1000m and 600 m isobaths are indicated by gray lines (Fretwell et al., 2013). Sea ice concentrations, pressure, and 10m wind data

are from ERAS (Hersbach et al., 2023).
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Table 2. Overview of parameters from the composite analysis of storm response (Uresponse:Eftation-S-andFig, Eq. A+dS) at the moorings.

The % of response-giving storms is estimated relative to the storms occurring during each moorings record.

Mooring Average anomaly Response-giving
name Uresponse [cm 71 storms, N/total
Mopez  -H+—6-9.1£6.4  2+19/39¢5438 (50%)
Mioper  —+0—5--8.3 455 2521/396438 (35%)

Main $+—4-8.7+58  H48/3443931 26%)
Msr  F£3-83422 1052843622 23%)
Maus —~— H6=H-17.0£9.6  HOSAT5912 (67%)
Mcss F+-5-66+7.7 98/31-29 (28%)

may be protected from the wind by the fresh and warm surface layer during summer, as suggested by Daae et al. (2017) and

Hattermann (2018).
Both within the inflow en—the-across the Filchner sill and in the Small Trough (My;;; and Mgr) mere—than—one-third

roughly 25% of the storms cause a significantly-inereased-southward-eurrent-significant storm response (average response: ane
—8.7cms™! and —8.3cm s~1, Fig. Tadb,e, Table 2). At M1, all events with a significant response occur between December

and June, i.e., from late spring to early winter (Fig. 3)althoughjust-66, although only 57% of all the storms occur during these

months (Fig. 4c). The same-is-true-for 80There is also a tendency for a seasonal signal at the slope moorings, where 70% of
the events that cause a significant storm response at(Fig—3)-occur in this period.

Within the observed ISW outflow, at the location of Mg;;;5, periods of strong along-slope wind co-vary with enhanced
overflow on monthly (Paae-et-al;2018)-time-seales-time scales (Daae et al., 2018). Idealized numerical experiments (Dundas
et al., 2024) also suggest that storms can drive-an-adjustment-of-adjust the SSH across a trough, thus connecting the southward
inflow and the northward outflow. This is similar to the situation described by Morrison et al. (2020) and observed by Darelius

et al. (2023a), where the downslope flow of DSW along a canyon or ridge causes an SSH anomaly that drives an upslope flow

of WDW east of the corrugation. We -thereforeexpeet-that the-storms-therefore expect the storms to induce enhanced outflow

(i.e., northward flow) at M5 —While-the-mean-current-and-the-high-frequeney-variability-of the-outflow-at-are-higher-tha
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all panels. The threshold for significance (see Table 1, horizontal colored, dotted lines) and the number of events (N) included are indicated.

{see-Fig—3)-Day zero is the start of the period used to estimate Uy csponse, i-€., to — 3days (see Fig. Al). We only include the events where

we have data for the 33 days shown in each panel. Events—elose-to ik art-orend-of-each-moorineperiod-are-consequently-notinchded-n

this-figare-The map in the upper corner (g) shows the mooring locations and their-the mean current directions.
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The-ocean-surface-stress-inerease-per-day-istargestin-summer-and-fal-Most of the strongest storm events (stress increase
rate>1.5Nm~2day ") occur between December and June (Fig. 4). Strong and long storm events are expected to cause the

largest current response (Dundas et al., 2024), and thus, the seasonality in storm intensity likely-eontributes—to-the-(although
weak) might contribute to the tendency of seasonality in storm response at M;;;1, -and—The-seasonality-could-also-belinked

to-the-storm-tnotshowm—The-Mg7. The enhanced current during winter (Darelius et al., 2024a) could ;-hewever-also cause a

larger current pathway overshoot at the meuth-of-the-trough-Filchner Trough opening (Daae et al., 2017), preventing the storm
signal from propagating southward aleng-the-trough-and-reaching-—-and-and reaching the mooring locations on the shelf, thus
contributing to the tendency of fewer significant storm response events during winter.

At the southernmost mooring location, at M g2 along the eastern flank of Filchner Trough, 2928% of the storms cause a

1

significant response (Fig. 3)- , average response: —6.6cms™

Fig. 7ef). The fact that significant storm responses are recorded at this location highlights the potential for storms to increase
the southward heat transport towards Filchner Ice Shelfin-the-south. If warm water is present on the continental shelf during
a response-giving storm, this warm water will likely be pushed southward as observed by Darelius et al. (2016). However, it

will not necessarily reach the mooring during the storm event due to the relatively long background advection time scales (5-9

weeks) from the continental slope to 76°S Steiger-et-al2024)(Steiger et al., 2024).
3.3 Atmospherie- Which atmospheric conditions +-trigger a storm responseor-net?

The composite analysis of the etrrent’sresponse—to-storm—events—mooring records shows that while many—storms—drive =&
WWM%WWEW storms

do not.

s-To investigate the atmospheric
conditions that give a srgmﬁeaﬂﬁyeﬂhaﬂeedreuffemﬂ&befhs}epe-fﬁeefmg&m nificant storm response we focus on the slope
%(Mslopel and MslopeZ) i

Mest-storms-that-ecause-a-streng-since these records are the longest and since most of the storms that induce a response on
the Filchner Sill and in the Small Trough also enhe

response on the slope (Fig. 3).

The-response-of-the-ASC-We find that an ASC response to a storm depends on the storm duration, the ocean surface stress
increase during the storm, and the maximum stress (Fig. 8). We-find-that-Between 2017 and 2021, 70% of storms that are 1)

longer than feur5.7days, ii) have a rate of stress increase larger than 0.9Nm~2day ', and iii) have higher maximum stress
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Figure 8. Scatter plots of storm duration and ocean surface stress increase per storm day, colored by the corresponding 7,,q.. The storms
that do not induce a significant response at Msiope2 and Msiope1 are shown in panel a), and those that do are shown in panel b). The hatched
area indicates a duration shorter than feur-5.7 days and/or a stress increase smaller than 0.9Nm~2day~'. White crosses mark storms with

Tmazs <0.5Nm™2.

than-maximum stress higher than 0.5Nm~2 over the Upstream box, give a significant inerease-in-the ASC-speed-during 2017
to-2024-storm response in the slope moorings.

Looking at large-scale atmospheric patterns, the low-pressure systems that give a response at Mgiope1 and Mgiope2, 1.€.,
significantly enhance the ASC ¢ above the

upper part of the continental slope, are deep (Fig. 9ase;t). The wind-speed-is—stronghy-average pressure at the center of the
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response-giving storms is 968hPa. Both the wind speed and the sea ice movement are thus enhanced along the coast upstream
of the study area (Fig. 9b,fj);—and-the-seaice-movementis-high-(Fig—9d:h;ld). Prior to the storm events, the SIC-sea ice
concentration is also, on average, tower-low compared to the climatology when there is a response than—when-there-isnet
(Fig. 9¢). In comparison to these conditions, the conditions during the storms that do not significantly enhance the ASC are
less intense. The average pressure at the center of the storms without a response is 978 hPa, and the wind speeds and the sea
(Fig. 9g).

Based on the composites and the case study (Fig. 5), we thus suggest that relatively low sea ice concentration, gj—We
hypothesize-thattherelatively tow-S1C;-high sea ice mobilityand-strongly-enhaneed-, and strong wind along the coast upstream

of the seutheastern-Weddel-Seafaver-study area are conditions that favor a significant storm response. This is also expected
as these conditions lead to an efficient momentum transfer from the atmosphere into the ocean—This-enhanees-the-, enhanced

AR

Ekman convergence, and an increased cross- slope SSH-and-results—in-overall-enhanced-ASCand-on-shelfeirenlation—This
i i H-SSH-gradient that drives a barotropic

ice movement are lower (Fig. 9¢,f,h). The sea ice concentration is also more similar to the climatolo

response in the ASC.

3.4 A shift in mid-2019

An apparent change in the storm response occurs during 2019¢Fig—2??a)—, which is most prominent at Mc s2: Before July
2019, only one storm event aused a significant response at this location, while
after July 2019, 5640% of the storms eause-a-significant-storm-caused a significant response (Fig. 2?a)-Along-the slope3). For

the slope moorings, there is a similar ;-bat-eppesite-tendeneytowards-but opposite tendency. Here, there are fewer significant
storm response events after July 2019 (Fig. 2?a3). While we cannot rule this-eut-as-out that this is a coincidence, these results

indicate that whi

i) the potential for a significant
storm response appears—to-depend-depends on conditions that vary interannually and ii) a storm response at Mcga is not

necessarily dfweﬁbyﬂﬁeﬂhaﬂeeé%eﬂﬂkfheﬁffaﬁs}a{e&WMsloml and Mg;ope2 southward along Filchner

Troughs - The latter is

contrary to results from the idealized numerical simulations in Dundas et al. (2024)-, where the ASC and the circulation on the

2 Waere the At ang e clrewlation on the
shelf east of Filchner Trough were tightly connected. We suggest that the complex bathymetry — and potentially the interplay.
between the Antarctic Coastal Current and the ASC — are important factors that explain the differences between the results of
the idealized model and the observations presented here.
Stmilar-shifts-in-the-respense-Interannual variability in the sensitivity to wind forcing {eorrelation-on monthly time scales
rrom-one-yearto-another-were-observed-within-was also observed in the Antarctic Coastal Current (Mc ¢, mooring loca-
tion shown in Fig. 1) and on the sill {slightlyfurthereast-than)-byDaae-et-al(2648)—These-shifts-were-of Filchner Trough
(15-day low-pass-filtered, Daae et al., 2018). This variability was associated with shifts in the average wind direction and its

strength along the coast upstream of Filchner Trough: When the wind had a northwestward component and the windspeed
wind speed was low, eorretation—with-the-the correlation between the wind and the current weakened. We do not observe a
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Figure 9. Composite mean atmospheric fields during storms a-d) with and e-h) without a significant storm response at Msjope1 and Mgopes.
The difference between the fields during storms with and without a response is shown in i-1). The first row shows the mean sea level pressure
(color) and the mean 10 m wind (grey-gray arrows) &3 days of 7,,.q.. The second row shows the wind speed in color and is otherwise equal to
row one. The third row shows the mean S1C-sea ice concentration anomaly (with seasonal climatology removed) in a twe-day-torg-two-day
window ending when the storm startsbegins. The fourth row shows the speed of the sea ice motion (color) and its velocity (black arrows)

astx-day-tong-window-eentered-at-£3 days of Tma.. White regions #@ng the coast indicate missing data or ne-areas without sea ice.



substantial change in the direction of the mean ocean surface stress before and after mid-2019 (not shown), and while there is
a reduction in the variability and average speed-strength of the zonal stress, these changes are smat-minor (Fig. Bla)-
Smee—fhef&QVIQws neither an apparent change in the strength nor ia-the duration of the storms (Fig. 3-and-4-)-inJualy

4and 3).
Wmmmwmmmmmmgmy on the shelf —We-note-that-after
during 2019 (Fig. B1). After July 2019 i) the current at Mc g9 veers eastward (Fig. 2?bB1f), ii) the correlation between the
ngg\gyg%wmd and the %eﬂ%hwafekwlggg;@glv)gtvll current at M¢ g2 shiftsfromnegative-to-pesttive,-where-apositive corretation
ig-2?echanges sign (Fig Bla), iii) ISW starts to domi-
410 nate the winter hydrography at Mc g2 and is associated with increased variability in the current (Fig. B1b);#v)-. Additionally, we
,.v) at the shelf break ;-the warmest water is anomalously warm after-mid-26+9-and the seasonal cycle is disrupted (Parelituset-al;-2023b)
~and-vafter mid-2019 (Darelius et al., 2023b) and that, vi) the summertime SIC-inereases sea ice concentration increases in
2019 (Steiger et al., 2024).

415 Itis beyond the scope of the present study to investigate the relationship between these changes and the apparent shift in
with the results of the composite analysis that low sea ice concentration favors significant storm responses in the ASC. A more
detailed presentation and discussion of the changes occurring in 2019 is found in Appendix B._

405

4 Conclusions

420 We analyze a network of moorings and confirm that storms can enhance the circulation on the southeastern Weddell Sea
continental shelf, These events do not have a systematic significant ocean current response but when they do, they clearly
strengthen the westward Antarctic Slope Current (ASC), the dense outflow from Filchner Trough, the southward flow along
the eastern flank of Filchner Trough, and the inflow through the Small Trough. Qur findings provide observational evidence that
storms can enhance the southward transport of warm water towards the Filchner Ice front, as suggested by Darelius et al. (2016)

425 and by the numerical experiments of Dundas et al, (2024).

The duration of a storm, the total cumulated ocean surface stress during the event, and the maximum stress, will, to a large
extent, determine whether a storm event enhances the ASC: 70% of the observed storms that are longer than 5.7 days, have a
larger stress increase than 0.9Nm ™2 day ™", and T4, >0.5Nm ™2, give a significant increase in the ASC.

The interannual variability in the storm response — notably the apparent shift in 2019 that we are unable to explain —

430  highlights the importance of ambient conditions in determining the response of the ASC and the currents on the continental
shelf to wind forcing, It also points to a knowledge gap that needs to be addressed if we are to predict how the system evolves

Longer observational time series from the region, in combination with designated experiments in a regional model setup.
would help us to further understand the observed variability in storm response. A regional model could also provide estimates
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435 of the storm-driven heat transport across the shelf and its importance relative to the heat transport driven by the background
flow. The present study, however, provides evidence that storms along the coast upstream of Filchner Trough can enhance the
circulation on the shelf, potentially allowing heat to reach the ice front before it is lost to the atmosphere through wintertime

convection.

Data availability. The mooring data are, or will be, publicly available. My;ope1 is available at Darelius et al. (2024), Mope2 at Darelius
440 et al. (2023), Mcs2 and Mcss at Janout et al. (2022), and Mgt and M1 at Steiger and J.-B. (2023). M5 will be available at NMDC
(Dsterhus, 2024). The atmospheric data and sea ice concentration from ERAS5 reanalysis (Hersbach et al., 2019) is available at Hersbach
et al. (2023), the sea ice movement data from NSIDC is available at Tschudi et al. (2019a), and the data of bathymetry, ice shelves, and ice
sheets from bedmap?2 (Fretwell et al., 2013) is available at Fretwell et al. (2022). Bedmap? is used in all maps except in Fig. 6a,b), the upper

two rows of Fig. 9 and Fig. A2, where the coastlines are drawn using cartopy’s “coastline” functionality.
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Appendix B: Changes during 2019 and possible connections to oceanic storm response

The consistent eastward direction of the current at Mg g2 from 2019 and onwards (Fig. 2?bB1f) is in stark contrast to the
current at this location from 2014 to 2016: Thenthen, the current had a strong seasonal cycle with a southwestward eurrent
direction during the warm season and west or northward during the cold season (Ryan et al., 2017). We speculate that the
interannual variability in storm response might-may be related to changes in background circulation at the location. This could
be driven by variable interaction between the southward current along the eastern flank of Filchner Trough, the inflow through
the Small Trough, and the Coastal Current as they all interact where-the-zonal-extent-of-the-on the narrow continental shelf
east of Filchner Trough shrinksat roughly 76°S. The complex bathymetry in the region of M g2 might thus play-an-important
rote-in-impeding-hinder the southward signal from propagating neatly southward as it does in the model setup with idealized
geometry (Dundas et al., 2024).

Since the 2019 shift is not only teeal-locally present at 76°S but also appears te-affeet-in the storm response on the slope,
it is possible that properties of the Antarctic Coastal Current (A =+Fig—H-might affect the shift. Daae et al. (2018) observe
a shift in the correlation between wind and the currents (on monthly time scales) at moorings from the Filchner Sill and the
Coastal Current (M) between 2003 and 2004 (locations indicated in Fig. 1). The Coastal Current (on the shelf) had the
strongest correlation with the wind in 2003, and-while the outflow at the sill showed the highest correlation in 2004 (Daae
et al., 2018). This shift is hence similar to the shift in storm response we observed in 2019: the storm response on the shelf
increases when the storm response on the slope decreases. One possible explanation could be that the storm-enhanced signal
under certain conditions propagates mainly along the shelf break, causing a strong signal at the slope moorings, and in other not
yet identified conditions, mainly propagates along the coast, causing a strong signal at the M g2 mooring. In such a scenario,

we would, however, also expect a stronger storm-response at a mooring located just east of M g2 from mid-2019 onwards, but

this is not the case (not shown).

In mid-2018, the circulation under the northern section of Filchner Ice Shelf changed from “Berkner mode” to “Ronne mode”

(Hattermann et al., 2021; Janout et al., 2021). This means that the source waters of the ISW observed in the Filchner cavity
originated from the Ronne Trough after 2018 rather than from the Berkner Shelf. We considered the possibility that the mid-
2019 shift in storm response at the Mg location could be a delayed response (roughly one year lag) to this large-scale shift

in circulation and hydrography. However, at M¢ g3, which captures the northward-flowing ISW leaving the cavity, indications
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of the change from Berkner to Ronne mode appear already-in-2648-in 2018. Following the start of 2019, Ronne-sourced ISW
is already consistently present at 76°S and the current has veered eastward (Fig. Blc,d)-—It-therefore, seems-unlikelythatf).
Due to this offset in timing between the shift in hydrography and circulation due—te-theshift-following the transition from
Berkner to Ronne mode is-a-direet-driver-of-and the shift in storm-response-potential-at-storm response along the continental
slope (Msiope1 and Msiope2) and in Filchner Trough (Mcis2), we are hesitant to suggest a direct link between the events. What

causes the interannual shift in storm response in the southeastern Weddell Sea thus remains an open question.

—shift from Berkner to Ronne mode described by Hattermann et al. (2021) and Janout et al. (2021), we estimate the
source salinity of the waters whose temperature and salinity are measured at M g3 by identifying the intersection between the
Gade line (Gade, 1979) and the surface freezing point in ©.5 .C1

iven by Wahlin et al. (2010) for the source salinity, Sq, gives

space (illustrated in Fi . Solving the linear relationshi

So=5[1+cp(To—T)}7 (e}
SN SIS S N

~where cp = 4186 J kg™ ! K1 is
the specific heat capacity of sea water and Ly = 3.34 x 10° J kg™ is the latent heat of fusion. By first estimating the surface
freezing temperature, Tp, at the recorded salinity, 5, and then using Eq. C1 to estimate the corresponding source salinity, So, we
obtain an initial estimate of where the salinity-dependent surface freezing point intersects with the Gade line. The calculation
is repeated once, replacing 5 by So to find a new T and S (Fig. C1).
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Figure B1. Indications of a shift around 2019 in the southeastern Weddell Sea shelf region. Panels a-c) have a shared x-axis, the purple

background indicates the period after 1st of July 2019. a) Time series from Mc g2 of 90-day long, 33% overlapping windows of significant

correlation (black bars) and lag (blue bars) between the along-coast wind and the southward bottom current (24 h-30days bandpass filtered.

Positive correlation: roughly south-westward wind corresponds to current toward Filchner Ice Shelf). b) Current anomalies at Mc s2; eastward

component at the upper sensor (gray) and the northward component at the lower sensor (purple) with gray shading when water colder than

6=-2.05°C is present. ¢) The estimated ISW source water salinity at Mc:s3 with approximate ranges of Berkner (green shading) and Ronne
(orange shading) mode source waters (Hattermann et al., 2021). d) ©34-diagram from Mcss colored by time. For clarity, we have omitted
observations with ¢ <27.885kgm ™" in panels ¢) and d). ¢) Box plots of the along:slope ocean surface stress before (blue) and after (green)
July 2019. f) Progressive vector diagram of the current at the bottomsgensor of Mc's2 colored by temperature. The temperature is based on
the average absolute salinity (at the nearest sensor level) because the salinity sensor stopped recording in early 2020, The start of the time
series (star) and the st of July 2019 (dashed line) are indicated.
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Figure C1. Correlation—map-Illustration of the average-wind-speed-in-method to estimate source salinity following Equation C1. The
desired value is the Upstream-bex-temperature and salinity at the intersection between the relevant Gade line (black reetangleline) vsand
the salinity-dependent freezing point (gray line). The process is as follows: given an observed temperature and salinity pair (orange dot).
the overattwind-field-during-the-observation-period-freezing point is estimated (2647-20214step 1). Hatehedregions-indieate-insignifieant
eerretation-Then, the salinity at this temperature of the 6:95-signifieaneetevelGade line is estimated (step 1.5). This completes iteration 1
and the first approximation of the source temperature and salinity (blue dot). Completing one more iteration (steps 2 and 2.5) gives a good
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