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Key Points:
« Direct current observations across five Malvinasré€nt transects are presented.
* The new observations confirm a two-jet structur@nglthe current path from northern
Drake Passage to 46°S.
e In the upper 700 m the inshore and main curremnidbras transport 2.4 — 6.3 Sv and 21.3
— 25.4 Sv, respectively.
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Abstract

Direct velocity measurements of the Malvinas Curremre carried out on multiple
occupations of five transects across the flow uai8fpipborne Acoustic Current Profiler (SADCP)
on the R/V Akademik Sergey Vavilov and Akademik Idisiv Keldysh. These data are used to
determine local features of the three-dimensiomédaity field of the current. The occupations
covered the northern branch of the Antarctic Cirpolar Current and the southern part of the
Malvinas Current. Five transects across the flowewecated at 350 — 550 km from each other
from the Drake Passage to the western Argentine\Ba<l6°S. The new observations reveal that
the current is organized in two branches, namelynshore branch extending to a depth of 200-
300 m and a main offshore branch, which flows apipnately over the 1400 m isobath. This two-
branch structure is observed on each of the cfoastfansects. The observed velocities of the
inshore branch exceed 40 cm/s on each studiedirgosisthe current. The Malvinas Current is a
cold western boundary current that follows the $uwdnatic Front. This flow originates as an
offshoot of the northern branch of the Antarcticd@mpolar Current and continues over the
Falkland/Malvinas Plateau and along the westenpestd the Argentine Basin. Volume transports
of the upper 700 m of the Malvinas Current cal@ddr each crossing range between 1.4 — 4.4

Sv for the inshore branch and between 21.2 — 2b#1She offshore (main) branch.

Plain Language Summary

The Malvinas Current (MC) is one of the dominanmtulation features in the Southwest
Atlantic. It originates as the northern branchha Antarctic Circumpolar Current (ACC) which
is the largest ocean current in the global ocelr.ATC plays a significant role in the circulation
in the Southern Ocean and our knowledge of itsciira is important for understanding ocean
dynamics and global climate changes. The ACC ctssisthree main circumpolar fronts from
north to south: the Subantarctic Front (SAF), teaPFront, and the southern ACC Front. The
Malvinas Current is associated with the SAF over falkland/Malvinas Plateau and the
continental slope of South America. Its spatialcire has been repeatedly studied based on
ocean modeling, reanalysis data, satellite imaged,measured distribution of temperature and
salinity, but direct velocity measurements of th€ kemain quite rare. In this work, we report

unprecedented velocity measurements carried oassithe current along five transects spanning
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most of the current. These new data reveal thatdeent is organized in two branches in its

southern part and allow us to calculate their vauransports and maximum speeds.

Introduction

The cold Malvinas Current (MC) is one of the manculation patterns in the southwestern
South Atlantic Ocean (Peterson & Whitworth 111, B98This current originates as a branch of the
Antarctic Circumpolar Current (ACC) (Provost et &B96), rounds east of the Falklands/Malvinas
Islands, and flows northward along the contineslape of South America (Figure 1) (Wilson &
Rees, 2000). The MC follows the Subantarctic F{8#F), one of three main fronts of the ACC
in the Drake Passage (Sokolov & Rintoul, 2009; Batral., 2011). It is generally accepted that
the MC starts near the Burdwood Bank at around 580Stream from the sharp northward turn
of the SAF, the flow is referred to as the northibranch of the ACC (Artana et al., 2016). At
approximately 38°S, the MC meets with the Brazitr€at, generating a thermohaline front known
as the Brazil Malvinas Confluence zone (Brennetk21; Deacon, 1937). Further downstream,
both currents retroflect and instabilities genenateminent mesoscale structures (Zyrjanov &
Severov, 1979, Chelton et al., 1990). On averdgdront intersects the 1000 m isobath at 38°30’'S
in summer and north of 37°S in winter (Artana et 2019a; Saraceno et al., 2004). Satellite-
derived surface temperature, CTD, and ADCP obsenatshowed that at 45°S the current
consists of several fronts and jets (Franco et2@l08; Piola et al., 2013). Two main branches,
namely, the inshore and offshore jets are locammaximately over the 200 m and 1400 m
isobath, respectively; the flow is concentratethgse two relatively narrow (10-20 km) jets. It is
suggested that these branches merge north of #2t&a et al., 2018b). In the Scotia Sea, the
inshore and main branches flow west and east oBtivelwood Bank, respectively (Piola &
Matano, 2019)Further downstream the MC branches flow over th&l&ad/Malvinas Plateau
and subsequently along the western margin of tigeitme Basin. Altimeter observations indicate
that the eddies originated in the abyssal plaichrébe western slope of the Argentine Basin and
frequently block the MC approximately at 48°S, tinusdulating its volume transport (Artana et
al., 2016).

The spatial structure of the Malvinas Current wiaslied based on ocean modeling and
reanalysis data (Artana et al., 2018b; Fetter aathhb, 2008), satellite data (Magalhaes & Silva,
2017; Rudorff et al., 2014; Legeckis & Gordon, 198%Ison & Rees, 2000), and geostrophic
calculations based on hydrographic data (Gordorr&e@grove, 1986). It was shown that the MC
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variability is linked with the variability of the @C and this connection is masked by high-
frequency oscillations (Fetter and Matano, 2008 Variability of the inshore branch velocity
field is partially caused by the presence of trappaves in the region (Poli et al., 2020). Internal
waves with intense surface manifestations propagatéhe opposite direction of the MC
(Magalhaes & Silva, 2017). A study of the MC vaiiigp based on the analysis of 140 CTD-
sections along 46°S revealed that the maximum piahss observed in April and September-
October (Remeslo et al., 2004). As for direct vié®yoeneasurements, they were repeatedly
performed in the Scotia Sea, mainly across the ®Rassage (Meredith et al., 2011). Total volume
transports and variability of the ACC were calceithtbased on full-depth hydrographic and
velocity observations (Cunningham et al., 2003ingjiret al., 2011; Renault et al., 2011) and a
moored array (Donohue et al., 2016). Measuremeartfenned by Shipborne Acoustic Current
Profilers (SADCP) were used to study upper ocearents, in particular, Ekman currents (Lenn
and Chereskin, 2009; Rocha et al., 2016). Varighili the ACC in the northern Drake Passage
was studied based on velocity measurements on boimgs (Ferrari et al., 2012). Velocity field
and volume transports in the Drake Passage weodralsstigated based on the analysis of the
GLORYS12 reanalysis and compared with direct ve&yatieasurements (Artana et al., 2019b).
Unlike the Drake Passage and western Scotia Sestt dielocity observations of the MC
further downstream are quite rare. The first measents were performed using floats at about
750 m depth, which resulted in velocity estimate8@40 cm/s (Davis et al., 1992). Detailed
analysis of these data combined with the data ft663m drogued surface drifters suggested that
the flow presented a significant barotropic struet@Peterson et al., 1996). Underway and
profiling acoustic doppler current profiler (ADCBbservations at 45-46°S indicate velocities in
the MC core ranging between 45 and 60 cm/s at 2@@pth (Saunders and King, 1995; Painter
et al., 2010; Piola et al., 2013; Morozov et ab1@). Similar velocity measurements performed
over the Falkland/Malvinas Plateau showed velcgiiie to 50 cm/s (Arhan et al., 2002), which is
in good agreement with geostrophic calculationsgR&lernandez et al., 2017). The along-isobath
geostrophic velocities low-passed filtered (20-aayoff) derived from satellite altimetry are
strongly correlated with the in-situ velocitiesleated near the northernmost extent of the MC (~
40-41°S), with the dominant variability mode of ttrent strength associated with meridional
fluctuations of the Subantarctic Front (Ferrarakt 2017). Thus, the altimetry derived currents

are a useful indicator of the spatial velocity dimition and their low-frequency variability.
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Figure 1. Mean surface circulation schematic in the west®oath Atlantic. Arrows indicate
pathways of the main currents in the region; aktdizshed line indicates the mean location of the
Brazil-Malvinas Confluence zone. Dotted lines aswlines of mean sea surface height
corresponding to the ACC fronts: the northern bhaoicthe Subantarctic Front (SAF-N, 23 cm),
the main branch of the Subantarctic Front (SAF-M,em), the northern branch of the Polar Front
(PF-N, -43 cm), the middle branch of the Polar E{&F-M, -62 cm) according to (Barre et al.,
2011; Artana et al., 2019b). The 200, 1000, and2@0sobaths are indicated by bold lines. The
shoreline is shown according to the GSHHS data §8le4996), the bathymetry source is the
GEBCO02019 database.

Previous studies report a wide range of transiinates depending on the type of data,
the season when the observations were collectedtidm, and depth of the measurements. The
transport estimates range between 10 Sv (Gordoneiggroove, 1986) and 70 Sv (Peterson et
al., 1992). Vivier & Provost (1999a) estimated sam&IC transport of 41.5 12 Sv based on the

current meter measurements collected between 4D3H15 from December 1993 to June 1995.
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129 Detailed comparisons of different transport estematre given in (Maamaatuaiahutapu et al.,
130 1998) and (Piola et al.,, 2013). Recent calculatiomsde on the basis of ADCP velocity
131  measurements performed at 46°S give approximatel$\2in the upper 600-meter layer and 31
132  Sv from the surface to the bottom (Morozov et2016), while combined satellite altimetry and
133  in-situ observations collected near 41°S lead2d-gear mean transport of 3A2.6 Sv (Artana
134 et al.,, 2018a). These latter MC transport estimatesent strong variability at 30-110 days,
135 semiannual, and annual periods.

136 In this work, we focus on the study of the MC stune along its path from the origin at the
137  northern branch of the ACC in the Drake Passageugntb 46°S, upstream from the Brazil-
138  Malvinas Confluence. We use shipboard ADCP (SAD@#9)city data collected over multiple
139  crossings of five cross-current transects occupledg the current path. We also use data from
140 satellite altimetry to investigate the spatial stane of the current at the time of the in-situ
141 measurements. Using these data, we study the ktiteepraperties of the MC and calculate its
142  volume transports at different locations. The gofabur research is to summarize our direct

143 measurements and analyze the results comparingwiitbnthe remote data and previous studies.

144
145 2. Data and methods
146 This study is focused on the three-dimensionatsirne of the MC based on direct velocity

147  measurements at different locations. The vertitatture of the horizontal velocity was observed
148 along five cross-current transects occupied altwegpiath of the northern ACC and MC using a
149  SADCP system. Measurements were repeated seveed bietween December 2016 and February
150 2020 (see Table 1 for details). We use satelltienatry data to provide a regional view of the
151 circulation and a qualitative understanding of hotlaserved currents differ from the mean
152  circulation pattern along the transect lines.

153 The general description of the transects is praligiesection 2.1; the equipment and
154  processing techniques are described in detail cticse2.2; the satellite altimetry data used to
155 determine the time averaged circulation and théaructure at the time of each in-situ survey

156 are discussed in section 2.3.
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158 Figure 2. Gradient (cm/km) of the mean ADT averaged over @éryeriod (a) and mean current
159  velocities derived from these data (b). Arrows sinewn only for mean velocities exceeding 8
160 cm/s. Locations of the SADCP Transects (1-5, sda#eTh) used in this work are shown with red
161 lines; ship tracks are shown with thin black lirepanel (a). The 200, 1000, and 2000 m isobaths
162 are indicated by bold lines. The mean locationhefSAF-N, SAF-M, PF-N, and PF-M fronts are
163  shown with dashed lines.

164

165 2.1. Transects across the current
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Locations of the transects have been selecteddiogao the satellite altimetry data in five
regions across the flow in the northern Scotia 8eer, the Falkland/Malvinas Plateau, and in the
Argentine Basin (Figure 2). Gradients of the me#@s@dute Dynamic Topography (ADT) (Figure
2a) and calculated geostrophic velocities (Figure show that the transects are approximately
perpendicular to the mean flow direction. Ship keaare also shown in Figure 2a; more detailed
information about the in-situ observations is pnésé in Table 1. Due to rough weather
conditions, we slightly changed the routes of teats 1 and 2 in the western Scotia Sea (Figure
2a). To analyze the MC cross-flow structure, wejgmied the velocity to the direction
perpendicular to each transect line, hereafternedeto as along-slope current. We checked the
real direction of the MC branches using measureBGHR velocities and satellite altimetry data;
the difference between these estimates of the M&ctilbn and the along-slope component usually
does not exceed 20-30°. We present all valueseoM@ direction for each of our 16 crossings in
Supporting Information (Table S1) together withestparameters including maximum velocities,
location of the velocity maxima, and transportshaf MC branches.

Some of the transects shown in Figure 2 were oeduigeveral times; the actual routes along
each transect slightly differ from each other bemeyally they are located close to each nominal
line. Typical distances between the real and nohlimes are about 20-30 km reaching a maximum
distance of 100 km at one remote point of Tranéétable 1). Transect 1 is located in the northern
Drake Passage; Transects 2, 3, and 4 started atbanslestern part of the Falkland/Malvinas
Plateau are directed approximately southward, eadiwand northward, respectively; while
Transect 5 is zonally oriented along 46°S. Theadist between the transects along the current
path varies from 350 (Transects 3 and 4) to 55 kmnsects 1 and 2).

Table 1. Crossings of the MC with SADCP measurements aedlyz this work. Abbreviations
of the cruises are: ASV43 — 4Zruise of the R/V “Akademik Sergey Vavilov”, Octb—
November 2016; ASV45 — $5ruise, October 2017 — January 2018; ASV46'""atGise, October

— November 2018; ASV47 — #cruise, November — December 2018; AMK79 X" touise of
the R/V “Akademik Mstislav Keldysh”, December 2042 %ebruary 2020. More details are given

in the text.
Transect Crossin Date (d.m.yr) and time Coordinates Transect
number : (GMT) . :
(Figure. g Cruise orientatio
2) number Start End Start End n (° true)
1 1 ASV45 | 01.12.2017 04.12.2017 °68.44S | 5%10.67S | 074

This article is protected by copyright. All rights reserved.
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18:50 01:40 629.54 W | 6621.32 W

2 ASV45 | 05.12.2017| 07.12.2017| 55°09.60 S | 64°29.72 S | 074
04:24 04:24 66°23.69 W | 63°04.89 W

3 ASV45 | 11.01.2018 14.01.2018| 62°31.74 S | 55°22.86 S | 074
21:12 08:17 59°23.85 W | 66°35.23 W

4 AMK79 | 16.01.2020| 19.01.2020| 55°15.47 S | 63°08.42' S | 074
10:59 11:41 65°31.80 W | 63°05.98 W

5 AMK79 | 04.02.2020| 06.02.2020| 61°24.39 S | 56°25.83 S | 074
10:52 10:22 60°06.46 W | 67°07.99 W

6 AMK79 | 10.02.2020| 12.02.2020| 55°13.57 S | 62°43.81 S | 074
03:06 10:58 66°17.44 W | 62°05.07 W

7 ASV45 | 31.12.2017 02.01.2018| 51°40.23 S | 62°05.54 S | 085
00:07 11:25 57°38.10 W | 57°58.08 W

8 ASV45 | 21.10.2017 25.10.2017| 51°40.26 S | 54°09.30 S | 101
21:50 14:16 57°49.49 W | 37°30.51 W

9 ASV45 | 29.10.2017 02.11.2017| 53°55.64 S | 51°18.70 S | 101
22:25 00:59 38°07.67 W | 58°00.28 W

10 ASV45 | 05.11.2017 07.11.2017| 51°39.58 S | 54°10.89 S | 101
00:18 17:41 57°40.94 W | 37°31.78 W

11 ASV45 | 13.11.2017 16.11.2017| 53°54.19 S | 52°24.79 S | 101
02:16 09:25 37°31.66 W | 59°21.96 W

12 ASV45 | 18.11.2017 21.11.2017| 51°39.82 S | 53°55.61 S | 101
22:19 11:24 57°38.18 W | 37°46.52 W

13 ASV45 | 25.12.2017 28.12.2017| 53°56.45 S | 51°14.79 S | 101
14:01 18:06 37°27.48 W | 58°13.71 W

14 ASV45 | 16.10.2017 21.10.2017| 39°24.36 S | 51°04.60 S | 023
13:25 00:53 50°41.68 W | 57°18.11 W

15 ASV43 | 12.11.2016 13.11.2016| 46°00.00 S | 45°59.93 S | 090
10:47 00:39 58°00.10 W | 59°45.23 W

16 AMK79 | 12.01.2020] 13.01.2020| 45°47.95 S | 45°48.32 S | 090
16:01 05:32 58°00.13 W | 60°21.34 W

2.2. Direct velocity observations

The underway SADCP data were collected by two rebegessels, “Akademik Sergey
Vavilov” and “Akademik Mstislav Keldysh” (Table Bquipped with identical SADCP systems —
Teledyne RD Instruments Ocean Surveyor (TRDI OSPSR with a frequency of 76.8 kHz.
Some peculiarities of SADCP measurements in thaheou Ocean are listed in (Firing et al.,
2012). During all our surveys the profilers wereisghe narrowband mode, which increases the
profiling range up to 700 meters depth. We set f&hto 100 vertical bins 16 or 8 meters each

with an 8-meter blank distance immediately beloetttansducer. The draught of the ship is 6 m,
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which gives 22 or 18 m depth for the center offtfet bin (the depth of the uppermost layer with
velocity measurements). Time averaging of the rat& vas made over 120 s intervals. Since the
ship speed varied between 8 and 10 knots, this dveeage represents an along-track averaging
of roughly 500 m. The SADCP data were smoothed witiorizontal scale of 25 km, which is
approximately equal to the resolution of the altipeata; we estimated the maximum velocity of
the MC branches based on these det@ maximum velocity jets were defined as bandiwit
the current speed higher than 90% of the maximulocitg value. Measurement errors in the
amplitude of the horizontal velocities were smafiproximately 1-2 cm/s (Chereskin and Harris,
1997). We multiply the maximum velocity error (2 /sn by the current cross-section for
calculations of the volume transport error barsm8additional errors can be caused by non-
simultaneity of SADCP measurements (Tarakanov, R0T8e TPXO9 model (Egbert &
Erofeeva, 2002) was used to subtract the barotrdigial velocities at the moment of
measurements. Typical tidal velocities in the ragdb our transects are insignificant in the open
ocean (usually less than 2-3 cm/s) and higher theacontinental shelf (up to 10-15 cm/s). Thus,
tides can significantly affect the flow structuretioe inshore branch.

2.3. Satdllite altimetry data
We used a satellite altimetry gridded product (Pej@l., 2016available from Copernicus
Marine Environment Monitoring Service (CMEM&itp://marine.copernicus.gu/These data

have a spatial resolution of 0.25° and a daily terapresolution. The product includes data from
all available altimeters at any given time. We udédterent types of altimetric data: Absolute
Dynamic Topography (ADT), Sea Level Anomalies (SL&)d zonal and meridional components
of computed surface geostrophic velocities. It mwWn that these geostrophic velocities are
strongly correlated with the in-situ velocity obgations collected in the MC at 41°S (Ferrari et
al., 2017); in this work, we compare these velesitat different locations of the MC. Average
surface-geostrophic velocities were also used Heranalysis of the mean regional circulation
(Figure 2b). Satellite data have advantages anitalions; in general, satellite-derived velocities
have a smaller amplitude than the in-situ velosjtaes well as a lower standard deviation (Ferrari
etal., 2012). Though gridded altimetry data apyjated with a daily resolution, the satellite retvis
time is about 9.9 days or longer, depending orptagorm. Thus, altimetry derived products do

not capture velocity fluctuations typically shorthian about 20 days. Consequently, satellite

This article is protected by copyright. All rights reserved.
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derived geostrophic velocity is significantly cdated with in-situ observations only after the data
are 20-day low-pass filtered (e.g., Ferrari et2017). Altimetric mapping tends to smooth the
fronts and reduce the velocities of the associatadents. Despite the previously mentioned
limitations, the use of altimetry data allows usstady ocean circulation with regular temporal
and spatial resolution, which provides a contektlie results of single transects both in time and

space.

3. Spatial structureof theMC

We analyze the spatial structure of the MC andhsort branch of the ACC at five transects
across the flow; their locations are shown in Fegr The analysis of these data is presented for
three different regions, namely, the Scotia SeaFdikland/Malvinas Plateau, and the Argentine
Basin south of 46°S. The results for these thrg®ns are presented below.

3.1. Structure of the current in the Scotia Sea

We made measurements at two different quasi-merddiigections across the current in the
western Scotia Sea: along Transect 1 in the Dralesdge and along Transect 2 south of the
Falkland/Malvinas Islands. Here, we focus on thethesn segments of these two transects.
Synoptic altimetry-derived sea surface velocity sy these two crossings at the time of in situ

measurements are shown in Figure 3a for Transaatin Figure 3b for Transect 2.
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Figure 3. Altimetry-derived sea surface geostrophic cirdolain the Scotia Sea on December 2,
2017 (a) and December 31, 2017 (b). The datessqmonel to crossings 1 and 7 (see Table 1 for
additional information). Black lines denote shipites along Transect 1 (a) and 2 (b); white lines
are synoptic locations of the SAF-N, SAF-M, PF-Nd #F-M fronts. Mean locations of the fronts
are shown with dotted (SAF-N), dashed (SAF-M), lolaghed (PF-N), and dashed-dotted (PF-
M) lines.

The results of SADCP measurements in the northaringb these sections are presented in
Figures 4 (Transect 1 in the Drake Passage) andahgect 2 south of the Falkland/Malvinas
Islands). The northern branch of the ACC, whicldfetine MC, is not located near the continental
slope of South America; instead, it flows eastwaira distance of 200 km from the shelf break.
The mean position of the northernmost ACC brandbaated further north and closer to the South
America shore than at the time of measurementgaloansect 1. The more frequent location of
the main northern branch of the ACC is about 10Grkmm the shore (see Supplementary Figures).
The mean locations of the Subantarctic Front amtham and middle branches of the Polar Front
are shown in Figure 3 according to (Kim & Orsi, 20Barre et al., 2011). On occasions, these
meandering fronts may come close to each otheresgencompletely. For example, the intense
jet observed on Transect 1 in the Drake Passagariy December 2017 (Figure 4) is associated
with a southward deflection of the SAF-N and a Ineerd deflection of the PF-N (Figure 3a).
Similar frontal displacements are also apparent Mensect 2 in late December 2017 (Figure 3b
and 5). In other cases, these fronts are cleaplgraged (Figure S2, S3). When there are multiple
intersections between Transect 1 and SAF-N we tegdhe northernmost crossing. An additional
shallow current branch is observed along the uppetinental slope (Figure 3); its vertical extent
reaches about 200 m and the velocities exceed % (Engure 4). This inshore branch flows in
the northward direction closely aligned with thesatation of the upper continental slope, unlike
the main branch, which flows nearly eastward (Fegsa and 4c). The mean vertical shear of the
inshore branch estimated in the upper 200-meter lmaches 3*1®s? in the center of the jet.
The shear of the main branch estimated in the upp@m is much lower and equals 116"

The inshore branch is observed over all sectioosmed in the northern ACC and the MC. The
SADCP observations also reveal a flow in the ogpadirection located between the inshore and
main branches. Its width is about 150 km and vékxreach 25 cm/s between the sea surface and
200 m depth at a distance of 200 km from the sffeigare 4e). Inspection of the altimetry derived

velocity field suggests that the reversing flowossr Transect 1 is associated with the strong
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anticyclonic meander of the northern branch of AKKC downstream of the transect (Figure 3a).
These bands of opposite flow are observed on nmossings of the current (Figures 4, 5, S1-S5)

and are apparent both in the SADCP data and alyrdetrived sea surface geostrophic velocities.
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Figure 4. Transect 1, occupied in the northern Drake Passadeecember 1-4, 2017 (Crossing
1; see Table 1 and Figure 2 for location). Top péajealtimetry data at the time of measurements:
Absolute Dynamic Topography (ADT, solid blue lin8ga Level Anomaly (SLA, solid red line),
and time mean ADT (dashed blue line). Panel (blell#a-derived sea surface geostrophic
velocities (SGV) along the SADCP transect. Panelksg@a surface velocities based on the SADCP
data. Panel (d): difference between measured dginge#ty-derived velocities. The true north and
along-slope directions are shown to the right ofgde(a) and (b). Bottom panel (e): along-slope
SADCP velocities across the northern ACC brancte miean locations of the SAF-N, SAF-M,
PF-N, and PF-M fronts are shown with dashed graslbased on the isolines of mean sea surface
height of 23 cm, -10 cm, -43 cm, and -62 cm aceay tlh (Barre et al., 2011). The synoptic location
of the same isolines is shown with vertical solidyglines. Minor ticks along the x-axis denote 10
km spacing hereatfter.

The Burdwood Bank separates the inshore and mairches, which is seen over Transect
2 (Figure 5). This crossing is located just doweestn of an anticyclonic eddy (Figure 3b) which
explains the northeastward velocity componentdistance of 400 km from the shore (Figure 5b

and c). The main MC branch is characterized byhtanse velocity core reaching 75 cm/s at 250
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m, and lower sea surface velocity (maximum ~ 58 prMéimetry-derived and SADCP velocities
are in good agreement (the maximum difference aiBB0 cm/s for the intense main branch).
The maximum velocities of the inshore branch aremZs and directed to the northeast based on
direct measurements; while the amplitudes of altiyrderived SGV are smaller, reaching 24

cm/s.
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Figure 5. Transect 2, occupied in the Scotia Sea on Dece@beP017 — January 02, 2018
(Crossing 7; see Table 1 and Figure 2 for locatidop panel (a): altimetry data at the time of
measurements: Absolute Dynamic Topography (ADTidddle line), Sea Level Anomaly (SLA,
solid red line), and time mean ADT (dashed blue)lirPanel (b): satellite-derived sea surface
geostrophic velocities (SGV) along the SADCP trahdeanel (c): sea surface velocities based on
the SADCP data. Panel (d): difference between nredsand altimetry-derived velocities. The
true north and along-slope directions are showtméoright of panels (a) and (b). Bottom panel
(e): along-slope SADCP velocities across the nont#eCC branch. The mean locations of the
SAF-N, SAF-M, PF-N, and PF-M fronts are shown wdtshed gray lines based on the isolines
of mean sea surface height of 23 cm, -10 cm, -43acih -62 cm according to (Barre et al., 2011).
The synoptic location of the same isolines is shauth vertical solid gray lines.

The complex structure of the northern ACC branchthe Scotia Sea south of the
Falkland/Malvinas Plateau is revealed from timeraged satellite altimetry derived circulation

(Figure 6). East of Tierra del Fuego the inshor@ m@in branches diverge sharply following the
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bottom topography. The inshore branch that flows@lthe 200 — 300 m isobaths veers northward
through the passage between Estados Island aBditbeood Bank and continues along the upper
continental slope around the Falkland/Malvinasngfa This passage is relatively shallow (< 600
m) and prevents the flow of the main MC branch.s[lthe main branch flows along the southern
slope of the Burdwood Bank, closely following th00 isobath; then part of this flow rounds the
eastern slope of the Burdwood Bank and the Malviblaasm; and finally turns northward and
flows along the western slope of the Falkland/Madg Plateau. A significant fraction of the main
branch continues eastward as part of the ACC. ®tarcte between the main and inshore branches
of the MC along Transect 2 reaches 400 km (FigQréApproximately at 53°S, both branches
merge and continue flowing northward alongside distance about 100 km between each other.
All these features of the MC can be clearly seeihénmean velocity field derived from the mean
dynamic topography (Figure 6), the SADCP obserwati{-igure 5, see also Artana et al., 2018b),
hydrographic data (Piola and Gordon, 1989), anderioal simulations (Fetter and Matano, 2008;
Combes and Matano, 2018; Guihou et al., 2020). Basghese observations we suggest that the
inshore branch of the MC originates east of Estaslasd, while the main branch originates east
of the Burdwood Bank.

008 1 1 [l 1 1 1 - 1

Velocity, cm/s

10 | 33 40 0 60 |-
51°8 i
Velocity Scale s

£ “ i

— e i
50 cmis g e :

52°8

53°5
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68°W 6O W H45W 62°W 60°W S8OW S6°W S45W S27W S0°W

Figure 6. Inshore and main (offshore) branches of the M@ha northern Drake Passage and
western Scotia Sea. Time-averaged over 26 yeargrgpbic velocities derived from the mean
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satellite altimetry data are shown with coloredoess. Only velocities higher than 8 cm/s are
shown; the magnitudes of the current speeds arershath both colors and vector length.
Locations of the fronts are shown with dashed blams.

3.2. Theflow over the Falkland/Malvinas Plateau
The altimetry derived circulation and frontal ldoats during each of the six occupations of
transect 3 are presented in Figure 7. The locabbtise SAF-N and SAF-M, and the associated
high velocity cores in this region are quite valgalpresenting meanders and eddies. This
observation is in agreement with the moderate aszén altimetry and model derived eddy kinetic
energy (300-400 cffs?) observed downstream of the Malvinas Chasm (&rtgna et al., 2016,
2018c). Figure 8 presents the SADCP section ocdupie25 October 2017, together with the
altimetry derived ADT, SLA and SGV sections. Atghime the SAF-N runs nearly parallel to the
section (Figure 7a) but the inner MC core is lodatiese to the climatological location of the front
(Figure 8e). The main core of the MC as depictecbbth, the SADCP and altimetry surface
geostrophic velocity, is located west of the SARfWgure 8a and 8e). This indicates that at this
time the SAF-M is associated with higher ADT valtiean those defined by Barre et al. (2011).
Similar discrepancies are observed at the SAF-M f{feigure 7) and this is possibly due to spatial
and temporal variations of the ADT value correspogdo the front location. Specific time-
averaged ADT values that match SAF-N and SAF-Mtgan the northern Drake Passage do not
necessarily match so well further downstream. lditaah, there are time variations of the ADT
associated with the highest ADT gradients at eachtion. All other crossings along Transect 3
are presented in Supporting Information for thische (Figures S6 to S10). In both branches, the
maximum velocities are observed at the sea surfaeenaximum of the inshore branch (60 cm/s)
is located over the 200-m isobath; and that ohtae branch (43 cm/s) is over the 1500-m isobath.
The widths of the maximum velocity cores, definedbands where the current speed exceeds 90%
of the maximum, are 4.3 and 18.6 km for the inshemmd main MC branches, respectively.
Horizontal scales of the current width are 50 kmthe inshore branch and 150 km for the main
branch. Mean sea surface velocities within thasédiare 26 cm/s and 21 cm/s for the inshore
and main MC branches, respectively. The mean atiitears of the inshore and main branches

are 2*10° s? and 4*10* s?, respectively. Additionally, less intense and kivaér high-velocity
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385 filaments are apparent east of the inshore branuobse less intense features are also observed in

386 all other occupations of Transect 3 (Figure 9 anppfementary Material, Figures S6 to S10).
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388 Figure 7. Altimetry-derived sea surface geostrophic cirdalatover the Falkland/Malvinas
389 Plateau on October 22, 2017 (a), November 01, 2B}l November 05, 2017 (c), November 15,
390 2017 (d), November 19, 2017 (e), December 25, Z0)1The dates correspond to crossings 8, 9,
391 10, 11, 12, and 13 (see Table 1 for additionalrmfttion). Black solid lines denote ship routes;
392 white lines are synoptic locations of the SAF-N &A&F-M fronts. Mean locations of the fronts
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393 are shown with dotted (SAF-N) and dashed (SAF-Mgdi The location of specific eddies is
394 indicated as A1-A4 for anticyclonic eddies and Gdd cyclonic eddy.
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397 Figure 8. Transect 3, occupied over the Falkland/Malvinaatdalu on October 21-25, 2017
398 (Crossing 8; see Table 1 and Figure 2 for locatidop panel (a): altimetry data at the time of
399 measurements: Absolute Dynamic Topography (ADTiddadle line), Sea Level Anomaly (SLA,
400 solid red line), and time mean ADT (dashed blue)lifPanel (b): satellite-derived sea surface
401  geostrophic velocities (SGV) along the SADCP trahd@anel (c): sea surface velocities based on
402 the SADCP data. Panel (d): difference between nmedsand altimetry-derived velocities. The
403 true north and along-slope directions are showthéoright of panels (a) and (b). Bottom panel
404 (e): along-slope SADCP velocities across the MCe Thain and northern branches of the
405  Subantarctic Front are shown with dashed gray Ibessed on the isolines of mean sea surface
406  height of -10 cm and 23 cm according to (Barrelet2811). The synoptic location of the same
407 isolines is shown with vertical solid gray lines.
408
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Figure 9. Sea surface velocities over the Falkland/MalviR&geau along Transect 3 based on
SADCP data collected during six crossings of the iklOctober-December 2017. Corresponding
synoptic maps of altimetry-derived velocities oe #ame dates are given in Figure 7. Solid gray
lines indicate the synoptic location of the SAF-Nd&SAF-M fronts; dashed lines indicate the

mean locations of these fronts. Note that tranleeettions do not exactly match, leading to the
observed displacement of time-averaged front looati The lower panel shows the mean
bathymetry based on the GEBCO version 2019 datgaalated over the section. In each crossing
the locations of specific eddies indicated in Fegdrare shown (A1-A4 and C1).

\\\\\\\

Further insight on the time variability of the veikty field over the Falkland/Malvinas
Plateau is provided by the comparison of the SADIERved surface velocities observed during

each occupation (Figure 9). The shallow Falklandvivias Plateau is a hotspot for dissipation of
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the eddy kinetic energy (EKE) spreading from thaker Passage, which decreases from > 600
cm?/s? to ~ 300 cri¥s? across the North Scotia Arc (Artana et al., 20M®ximum velocities and
their location relative to the shore vary signifidg. As pointed out above, in some crossings, the
inshore or main branches split into two separats. jBands of opposite flow (directed
southwestward) are observed at all crossings;dhegspecially strong in the area east of the main
branch where flow speeds are usually as high #eeimain branch (up to 72 cm/s). The altimetry
confirms the presence of this opposite flow atdba surface. At some crossings, the inshore jet
shifts significantly offshore. For example, measueats performed on November 15, 2017 show
that the center of the inshore branch is locatetsi 150 km from the coast.

The flow structure along Transect 4 is similartte structure along Transect 3 (Figures 10a
and 11). The inshore branch is characterized byéae-surface maximum velocities of 55 cm/s
located over the 250-m isobath; the main brancth welocities up to 45 cm/s is located over the
1500 m isobath. The speeds are approximately 18 bigher than those observed in Transect 3,
which is confirmed by direct measurements and lgataltimetry. A cyclonic eddy is observed in
the northern part of the transect (centered astawice of 350 km from the shore in Figure 11, also
see Figure 10a); it is revealed both in the altignand direct velocity observations. Our route
crossed almost the center of this cyclonic eddyo Welocity maxima were found in the main
branch of the MC, which are located one above theroone maximum is observed near the sea
surface (45 cm/s) and the other one at 400 m ddftkkm/s). The sharp northern boundary of the
current (at about 300 km from shore) is due toptesence of the previously mentioned eddy,
which drives a relatively intense southwestwardnterilow (27 cm/s) just north (offshore) of the
main MC branch. The inshore and main branches eparated by a band of low velocities
approximately 100 km wide and some filaments ofkweaersing currents (less than 10-15 cm/s)
which extend to the ocean bottom. A separate halbeity flow is observed at 300 km from the
shore at a depth of 550 m. The maximum velocityhwithis core is 31 cm/s; the flow is directed
along the slope (as the entire main branch, tevikst and northwest, see Supporting Information,
Figure S27). The distance between this subsurfase and the slope is ~100 km. It should be
noted that the data from the deepest levels arergliyless accurate than those from the surface

layers due to weaker reflected signal.
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454  Figure 10. Altimetry-derived sea surface geostrophic cirdolatin the Argentine Basin on
455  October 19, 2017 (a) and January 12, 2020 (b).dBtes correspond to crossings 14 and 16 (see
456  Table 1 for additional information). Black linesrage ship routes along Transects 4 (a) and 5 (b);
457  white lines are synoptic locations of the SAF-N &#&F-M fronts. Mean locations of the fronts
458 are shown with dotted (SAF-N) and dashed (SAF-kgdi
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461 3.3. The Malvinas Current along the western margin of the Argentine Basin

462 Satellite altimetry fields suggest that the positod the MC is very stable in the Argentine

463  Basin compared to the Falkland/Malvinas Plateanhgioly steered by the sharp bottom slope, and
464  the current velocities remain relatively high ughe Confluence zone. Two zonal crossings were

465 performed approximately along 46°S (Figures 10b H)d
466
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Figure 11. Transect 4, occupied over the Falkland/Malvinaatelu on October 16-21, 2017
(Crossing 14; see Table 1 and Figure 2 for locatidop panel (a): altimetry data at the time of
measurements: Absolute Dynamic Topography (ADTidddle line), Sea Level Anomaly (SLA,
solid red line), and time mean ADT (dashed blue)lifPanel (b): satellite-derived sea surface
geostrophic velocities (SGV) along the SADCP trahdeanel (c): sea surface velocities based on
the SADCP data. Panel (d): difference between medsand altimetry-derived velocities. The
true north and along-slope directions are showthéoright of panels (b), (c), (d). Bottom panel
(e): along-slope SADCP velocities across the MCe Thain and northern branches of the
Subantarctic Front are shown with dashed gray Ibssed on the isolines of mean sea surface
height of -10 cm and 23 cm according to (Barrelet2811). The synoptic location of the same
isolines is shown with vertical solid gray lines.

Two pronounced current jets are clearly observedgkthis section; the inshore branch
(maximum velocity is 56 cm/s) is observed over386 m isobath and the main branch (95 cm/s)
is over the 1500-m isobath. The widths of theseimar velocity jets are 4.0 km and 2.7 km for
the inner and main cores, respectively; while medacities over each branch are 26 cm/s and 39
cm/s. The fastest part of the current is locateat aear the sea surface (in the upper 50 m).dn th
main branch, the velocity decreases almost bydtadf depth of 600 meters. The mean vertical

shears of the MC are lower at this crossing in camspn with upstream transects: the values of
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the shear do not exceed 1*16* and 3*10° s* for the inshore and main branches, respectively.
The widths of the inshore and main branches aransl0150 km, respectively. Satellite-derived
geostrophic velocities confirm the two-jet struetaf the MC near 46°S (Figure 10b). Based on
the altimetry, these two branches appear to meoggh of 44°S. Two crossings of the current
along this transect show similar velocity structur€hough crossing 15 (Table 1) occupied in
November 2016 did not reach the outer shelf, iinghthe inshore and main branches of the MC
with maximum velocities of 65 and 71 cm/s, respetyi (Figure S11). These two sections across
the inshore jet reveal variable velocity of the stahbranch, which may be associated with the
presence of recently reported trapped waves irethien (Poli et al., 2020). The relatively low sea
level anomalies observed in the main part of threect (red line in Figure 12a) are consistent with
the low variability characteristic of this regidipugh intense eddies are usually observed east ~
58°W (i.e., further offshore from transect 5, eAytana et al., 2018b).
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Figure 12. Transect 5, occupied in the western ArgentinerBasiJanuary 12-13, 2020 (Crossing
16; see Table 1 and Figure 2 for location). Topebda): altimetry data at the time of
measurements: Absolute Dynamic Topography (ADTidddle line), Sea Level Anomaly (SLA,
solid red line), and time mean ADT (dashed blue)lifPanel (b): satellite-derived sea surface
geostrophic velocities (SGV) along the SADCP trahdeanel (c): sea surface velocities based on
the SADCP data. Panel (d): difference between nmedsand altimetry-derived velocities. The
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true north and along-slope directions are showtlhéoright of panels (a) and (b). Bottom panel
(e): along-slope SADCP velocities across the MCe Thain and northern branches of the
Subantarctic Front are shown with dashed gray Ibssed on the isolines of mean sea surface
height of -10 cm and 23 cm according to (Barrelet2811). The synoptic location of the same
isolines is shown with vertical solid gray lines.

4. Volumetransport variations along the M C path.

There are several estimates of volume transpdtieoMC at different locations, different
depth ranges, and application of different methédghe following subsections, we overview the
existing transport estimates (4.1) and estimatetrédnesports in the upper 700 m based on our
SADCP data (4.2).

4.1. Existing estimates of the M C transport

The MC volume transports reported in the literatta®y in a wide range (Table 2). The first
MC transport estimates were based on geostropltaladons (Gordon & Greengrove, 1986;
Maamaatuaiahutapu et al., 1998). Calculations ofigephic velocities from hydrographic data
require the choice of a reference level. The probt¢ this choice for the MC is in its strong
barotropic structure; the current extends to tieoboand causes high uncertainties in the volume
transport based on baroclinic geostrophic calcutatiderived from hydrographic observations.
This emphasizes the value of directly measuredciteds. In addition, the sharp bottom slope
precludes estimating the baroclinic shear in podiof the water column below the deepest
observation of the shallowest station of each @ar, the well-known bottom triangle problem).
The combination of hydrographic observations wéteBite altimetry data and adjusted to direct
velocity measurements gives about 50 Sv at 45°8n@as & King, 1995), 41.5+12.5 Sv at 40 —
41°S (Vivier & Provost, 1999b), and 3712.6 Sv at 41°S (Artana et al., 2018a, and refeéenc
therein). These relatively high transports indiciite strong contribution of the barotropic flow,

which cannot be determined only based on geosttagatculations from hydrographic data.

Table 2. Volume transports of the MC at different transdx@sed on the literature data

~

Location of the | Depth range, m Method Transport, Sv Source
transect
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46°S Upper 2000 m Geostrophic 70 (Peterson, 1992)
46°S Upper 1400 m Geostrophic 10 (Gordon &
Greengrove, 1986
46°S Above 800-dbar  Geostrophic 34-12.4 (Remesilo et al|,
isobaric surface 2004)
46°S Upper 600 m SADCP 20.7 (Morozov et al.,
2016)
46°S Surface to LADCP 30.9 (Morozov et al.,
bottom 2016)
near 45°S Surface to Geostrophic 50 (Saunders & King
bottom adjusted with 1995)
direct
current
observations
45°S 30-400 m SADCP 20.8 (Piola et al., 2013)
42°S Upper 1400 m Geostrophic 10 (Gordon &
Greengrove, 1986
40 — 41°S Surface to | Satellite altimetry| 41.5+12.5 (Vivier & Provost,
bottom with direct current 1999b)
observations
40 — 41°S Surface to | Satellite altimetry| 35%7.5 Sv (Spadone &
bottom with direct current Provost, 2009)
observations
40 — 41°S Surface to Current meters 37.1 (Artana et al.,
bottom deployed on 2018a)
moorings
Part of the Surface to Numerical Northward | (Fetter & Matano,
current in the bottom simulations decrease 2008)
Argentine Basin from 70 to 54
Sv
40-41°S Surface to Numerical 40 Combes & Matano
bottom simulations (2014)

The variability of the baroclinic volume transp@tdiscussed in (Remeslo et al., 2004) on
the basis of a series of 140 hydrographic sectienapied along 46°S; these transports vary from
12.4to 3.4 Sv in the upper layer of the curreslafive to and above 800-dbar). Moorings deployed
at 40 — 41°S show significant variability of the Mi@nsports with a mean value of 37.1 Sv and a
standard deviation of 6.6 Sv (Artana et al.,, 201&stimates based on the direct SADCP
measurements performed at 46°S give 20.7 Sv inupiper 600 m and 30.9 Sv over the same
section with measurements from the sea surfadeetbdttom performed by LADCP (Morozov et

al., 2016). In this work, the estimates were maepagtely in the narronlR0-km) bands
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associated with the inshore and offshore branch@sajpnd 4.0 Sv above 400 m, respectively). In

the following section, we present separate estisnatethe two main branches of the MC.

4.2. Calculations of thetransport based on the SADCP data

We calculate the transport of the MC in the up@ i for each crossing of the current in
the Argentine Basin and over the Falkland/MalviRésteau. Mean values of these transports are
given in Table 3 for each transect; the data foheadividual crossing are presented in Supporting
Information (Table S1). As we have observed twaits branches at every transect, we estimated
the transport individually for each branch and tkemputed the total transport of the MC. The
transport of the main branch for Transects 1 aisth®t presented because in this region the current
is part of the ACC upstream from the bifurcatiorsivend east of the Burdwood Bank (Figure 5)
making it difficult to determine what fraction dfe flow veers northward (i.e., along the MC path)
and eastward following the ACC. In addition, asedbtarlier, meandering of the SAF and PF
preclude a clear distinction of the transport asged with the SAF. We also list the maximum
along-current velocities for each branch in Tabl&t@ndard deviation of the velocity maximum
value is also shown in Table 3. It should be ndted our estimates of maximum velocities at
transects 1 and 2 can be associated with the mé&ugeantarctic and Polar fronts depending on
their actual position during the occupation of erehsectTo estimate the volume transport, we
interpolated these data to a regular grid 1 km vadd 8 m thick and integrated the transport
between the sea surface and 700 m or ocean bottsinallower areas. In addition, we extrapolated
these data to the sea surface using the neargsioeimethod. The velocities extrapolated to the
surface are quite reliable for the transport caltohs of the whole current due to the barotropic
structure of the flow and relatively small thickeex the unsampled near-surface layer (18-22 m).
The velocity data across each section were intedmater the area of each branch; we defined the
boundary between the branches based on the minwalua of the along-flow velocity at the sea
surface between the cores of the two MC branchespksent the exact limits of the transport
calculations in Table S2 of Supporting Informatiofhus, subtraction of tidal velocities is
important for more precise transport calculationge integrated both positive and negative
components of cross-section velocities and thecutated their sum for the total estimate of the

transport through the transect (Table 3 and Tab)e S
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580 The inshore branch transports vary from 2.4 toS¥.3which represents 10-15% of the total
581 MC transport (Table 3). The transport of the maianich varies downstream along the MC path
582 inthe Argentine Basin from 23.4 to 25.4 Sv. Vadas of the inshore branch transport are higher;
583 the transport varies between 2.4 and 6.3 Sv agrdift locations. The minimum transport is
584 observed at Transect 4, while transports at Trasseand 5 are significantly higher. The total
585 transport of both MC branches based on our SADC&sarements reaches almost 30 Sv at 46°S.
586 The transport increase between Transects 4 andySmaue to a recirculation cell within the
587 cyclonic loop of the MC in the western ArgentinesBa(e.g., Peterson, 1992). However, the 700
588 m integration limit imposed by the SADCP observagi@re probably too shallow and preclude
589 fully explaining the along-path transport variasaf the MC. Moreover, Transect 4 was occupied
590 only once and the transects were occupied at diitetimes. Thus, a detailed analysis of the
591 transport variations along the MC path requirestamdl data. Though the transport have been
592 estimated at different locations and on differeated, they are based on high cross-flow resolution
593 observations and can therefore be helpful for asilch of transport estimates based on other
594 observational methods and numerical simulations.

595

506 Table 3. The volume transports and maximum velocities ahb®IC branches at different
597 transects across the current. Numbers of the ttésaee specified in Figure 2 and Table 1.

Inshore Branch Main Branch
= > k] kS > >=| > | © k] > >=| 2
S| o | ¢ > | | 5 g5 2 | |2 | |§ |88 £
E| < 2> 1|35 2 Sc | e € | E=>|T 2 OS¢l E | E
218 8918 |5,/2-158 2 |8%/8 |8,/ 2-52 ¢
— R - 7]
5| 2| 85 |2¢ 8g/ 25|58 £ 38/ z¢ 882558 §
@ @© o e E o| ¥ € Q © o £ & - = Qo P
(7)) = T 0 S O] © _-| =S e = = T WO 50| Ul ==c| E > ~
c — T S s> ©X% S o — = c = >| © ?é S5 —
© c © e - © ) c c| E N () g
= T 5 | = 2 =c | ES| &8 | 85| % 2 = £l E3| ©
Tl e E 8 8|8 F5 2|EE |8 |8 5% T
= (7) = 5 @] S © = (7) = (7) ()] S ©
1 | 4.2+ 2.8 84 17| 0-95 36 - - 94 16 0-| 78 -
1.1 250
2 | 6.3+ - 51 - 0 21 - - 88 - 250 71 -
1.4
3 | 6.0+ 33 58 14 0O-| 17 | 23.4| 6.8 63 12 0O-| 30 | 294
1.0 115 +1.5 250 +2.5
4 | 2.4+ - 59 - 0 13| 21.3 - 57 - 0 31| 237
0.7 +2.5 +3.2
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4.4+
0.4

1.0

61

100 —
110

35

25.4
+3.0

11

83

17

130

150

53

29.8
+3.4

5. Summary and Conclusions

Despite the fact that the spatial structure ofMiizhas been addressed in numerous studies,

direct measurements of the velocity field remaintequare. In this work, we analyzed a set of

recent observations performed along a series afseifow transects occupied in 2016 — 2020,

focused on the spatial distribution of the curregibcities. Further studies are needed to better

understand the dynamics of this region. As altigaderived sea surface circulation is known to

reproduce the main circulation patterns at timéesdanger than about 20 days, these data can be

used to investigate the spatial and temporal véit\alof the surface manifestation of the MC

branches. There is a good overall agreement betaléeretry and direct current observations and

altimetry provides helpful information on the regab circulation. Temporal variability of the

volume transports can also be studied by the ditymaata, but high horizontal resolution

subsurface observations may be required to proesdess the impact of the ubiquitous high

velocity cores revealed by the SADCP data on thetM@sport. The first results of the analysis

performed in this work are listed below:

1. High velocities are observed along the curratitway from the Drake Passage up to 46°

S. Though the overall vertical structure of the MCharacterized by low to moderate vertical

shear, as reported in previous studies, the dBARICP measurements indicate that the highest

velocities are observed in the upper layer withiekness of 200-400 m depending on the transect.

The vertical shears of the inshore and main MC ditas reach 3*1® s! and 1*10° s?,

respectively; with higher shears observed in tlsbane branch. At some sections, the maximum

speed is found at the sea surface; at othersy ibedocated as deep as 200 — 400 m.

2. The main feature of the velocity structure oé tturrent revealed by the SADCP

observations is the existence of two MC branché®& Branches are observed at all transects

occupied along the pathway of the northern ACCMup to 46°S. Most transects reveal a band
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of opposite flow or significantly lower along-slopelocities located between the two MC
branches. These low or opposite velocity bands58r200 km wide and are observed in both
SADCP and altimetry data. The inshore current drgresents relatively stable velocities along
the current pathway, reaching up to 60 — 80 cmdscdosely follows the 200 — 300 m isobaths.
The vertical and horizontal shears in the inshaent¢h are large in comparison with the main
branch. As a result, the total transport of thanloh is rather small. The velocity of the main lsran

is more variable along the current pathway excegélihcm/s in the northern Drake Passage and
70 cm/s at 46°S in the western Argentine Basin,levlthe velocity decreases over the
Malvinas/Falkland Plateau.

3. The inshore and offshore branches diverge shagpithwest of the Burdwood Bank. The
shallow passage between Estados Island and thevBaddBank allows only the shallow branch
to flow northward and follow the upper continergldpe, thus marking the initiation of the inner
MC branch. In contrast, the main branch veers matt east of the Burdwood Bank, where the
mean flow bifurcates, part flowing northward aneédmg the main MC branch and part of the
flow continuing eastward as part of the ACC. Asthbint, these two MC branches are more than
300 km apart from each other.

4. Relatively high maximum velocities (51-84 cnds¢ observed along the inshore branch
of the MC. In contrast, in the main branch reldiiiegh maximum velocities are observed in the
Drake Passage and western Scotia Sea (88-94 ami/#) ¢he Argentine Basin (83 cm/s), but the
velocities decrease to 57 — 63 cm/s over the wedtatkland/Malvinas Plateau. These spatial
changes in sea surface velocities are confirmeshbsllite altimetry data.

5. Calculations of the volume transports basedhendirect SADCP measurements in the
waters shallower than 700 m vary from 2.4 to 6.3rSwe inshore branch and from 21.3 to 25.4

Sv in the main branch.
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