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Key Points: 11 

• Direct current observations across five Malvinas Current transects are presented. 12 

• The new observations confirm a two-jet structure along the current path from northern 13 

Drake Passage to 46°S. 14 

• In the upper 700 m the inshore and main current branches transport 2.4 – 6.3 Sv and 21.3 15 

– 25.4 Sv, respectively. 16 
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Abstract 19 

Direct velocity measurements of the Malvinas Current were carried out on multiple 20 

occupations of five transects across the flow using a Shipborne Acoustic Current Profiler (SADCP) 21 

on the R/V Akademik Sergey Vavilov and Akademik Mstislav Keldysh. These data are used to 22 

determine local features of the three-dimensional velocity field of the current. The occupations 23 

covered the northern branch of the Antarctic Circumpolar Current and the southern part of the 24 

Malvinas Current. Five transects across the flow were located at 350 – 550 km from each other 25 

from the Drake Passage to the western Argentine Basin at 46°S. The new observations reveal that 26 

the current is organized in two branches, namely, an inshore branch extending to a depth of 200-27 

300 m and a main offshore branch, which flows approximately over the 1400 m isobath. This two-28 

branch structure is observed on each of the cross-flow transects. The observed velocities of the 29 

inshore branch exceed 40 cm/s on each studied crossing of the current. The Malvinas Current is a 30 

cold western boundary current that follows the Subantarctic Front. This flow originates as an 31 

offshoot of the northern branch of the Antarctic Circumpolar Current and continues over the 32 

Falkland/Malvinas Plateau and along the western slope of the Argentine Basin. Volume transports 33 

of the upper 700 m of the Malvinas Current calculated for each crossing range between 1.4 – 4.4 34 

Sv for the inshore branch and between 21.2 – 25.5 Sv for the offshore (main) branch.  35 

 36 
Plain Language Summary 37 

The Malvinas Current (MC) is one of the dominant circulation features in the Southwest 38 

Atlantic. It originates as the northern branch of the Antarctic Circumpolar Current (ACC) which 39 

is the largest ocean current in the global ocean. The ACC plays a significant role in the circulation 40 

in the Southern Ocean and our knowledge of its structure is important for understanding ocean 41 

dynamics and global climate changes. The ACC consists of three main circumpolar fronts from 42 

north to south: the Subantarctic Front (SAF), the Polar Front, and the southern ACC Front. The 43 

Malvinas Current is associated with the SAF over the Falkland/Malvinas Plateau and the 44 

continental slope of South America. Its spatial structure has been repeatedly studied based on 45 

ocean modeling, reanalysis data, satellite images, and measured distribution of temperature and 46 

salinity, but direct velocity measurements of the MC remain quite rare. In this work, we report 47 

unprecedented velocity measurements carried out across the current along five transects spanning 48 
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most of the current. These new data reveal that the current is organized in two branches in its 49 

southern part and allow us to calculate their volume transports and maximum speeds. 50 

 51 
Introduction 52 

The cold Malvinas Current (MC) is one of the main circulation patterns in the southwestern 53 

South Atlantic Ocean (Peterson & Whitworth III, 1989). This current originates as a branch of the 54 

Antarctic Circumpolar Current (ACC) (Provost et al., 1996), rounds east of the Falklands/Malvinas 55 

Islands, and flows northward along the continental slope of South America (Figure 1) (Wilson & 56 

Rees, 2000). The MC follows the Subantarctic Front (SAF), one of three main fronts of the ACC 57 

in the Drake Passage (Sokolov & Rintoul, 2009; Barre et al., 2011). It is generally accepted that 58 

the MC starts near the Burdwood Bank at around 55°S; upstream from the sharp northward turn 59 

of the SAF, the flow is referred to as the northern branch of the ACC (Artana et al., 2016). At 60 

approximately 38°S, the MC meets with the Brazil Current, generating a thermohaline front known 61 

as the Brazil Malvinas Confluence zone (Brennecke, 1921; Deacon, 1937). Further downstream, 62 

both currents retroflect and instabilities generate prominent mesoscale structures (Zyrjanov & 63 

Severov, 1979, Chelton et al., 1990). On average, the front intersects the 1000 m isobath at 38°30’S 64 

in summer and north of 37°S in winter (Artana et al., 2019a; Saraceno et al., 2004). Satellite-65 

derived surface temperature, CTD, and ADCP observations showed that at 45°S the current 66 

consists of several fronts and jets (Franco et al., 2008; Piola et al., 2013). Two main branches, 67 

namely, the inshore and offshore jets are located approximately over the 200 m and 1400 m 68 

isobath, respectively; the flow is concentrated in these two relatively narrow (10-20 km) jets. It is 69 

suggested that these branches merge north of 42°S (Artana et al., 2018b). In the Scotia Sea, the 70 

inshore and main branches flow west and east of the Burdwood Bank, respectively (Piola & 71 

Matano, 2019). Further downstream the MC branches flow over the Falkland/Malvinas Plateau 72 

and subsequently along the western margin of the Argentine Basin. Altimeter observations indicate 73 

that the eddies originated in the abyssal plain reach the western slope of the Argentine Basin and 74 

frequently block the MC approximately at 48°S, thus modulating its volume transport (Artana et 75 

al., 2016). 76 

The spatial structure of the Malvinas Current was studied based on ocean modeling and 77 

reanalysis data (Artana et al., 2018b; Fetter and Matano, 2008), satellite data (Magalhaes & Silva, 78 

2017; Rudorff et al., 2014; Legeckis & Gordon, 1982; Wilson & Rees, 2000), and geostrophic 79 

calculations based on hydrographic data (Gordon & Greengrove, 1986). It was shown that the MC 80 
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variability is linked with the variability of the ACC and this connection is masked by high-81 

frequency oscillations (Fetter and Matano, 2008). The variability of the inshore branch velocity 82 

field is partially caused by the presence of trapped waves in the region (Poli et al., 2020). Internal 83 

waves with intense surface manifestations propagate in the opposite direction of the MC 84 

(Magalhaes & Silva, 2017). A study of the MC variability based on the analysis of 140 CTD-85 

sections along 46°S revealed that the maximum transport is observed in April and September-86 

October (Remeslo et al., 2004). As for direct velocity measurements, they were repeatedly 87 

performed in the Scotia Sea, mainly across the Drake Passage (Meredith et al., 2011). Total volume 88 

transports and variability of the ACC were calculated based on full-depth hydrographic and 89 

velocity observations (Cunningham et al., 2003; Firing et al., 2011; Renault et al., 2011) and a 90 

moored array (Donohue et al., 2016). Measurements performed by Shipborne Acoustic Current 91 

Profilers (SADCP) were used to study upper ocean currents, in particular, Ekman currents (Lenn 92 

and Chereskin, 2009; Rocha et al., 2016). Variability of the ACC in the northern Drake Passage 93 

was studied based on velocity measurements on 10 moorings (Ferrari et al., 2012). Velocity field 94 

and volume transports in the Drake Passage were also investigated based on the analysis of the 95 

GLORYS12 reanalysis and compared with direct velocity measurements (Artana et al., 2019b). 96 

Unlike the Drake Passage and western Scotia Sea, direct velocity observations of the MC 97 

further downstream are quite rare. The first measurements were performed using floats at about 98 

750 m depth, which resulted in velocity estimates of 30-40 cm/s (Davis et al., 1992). Detailed 99 

analysis of these data combined with the data from 100-m drogued surface drifters suggested that 100 

the flow presented a significant barotropic structure (Peterson et al., 1996). Underway and 101 

profiling acoustic doppler current profiler (ADCP) observations at 45-46°S indicate velocities in 102 

the MC core ranging between 45 and 60 cm/s at 200 m depth (Saunders and King, 1995; Painter 103 

et al., 2010; Piola et al., 2013; Morozov et al., 2016). Similar velocity measurements performed 104 

over the Falkland/Malvinas Plateau showed velocities up to 50 cm/s (Arhan et al., 2002), which is 105 

in good agreement with geostrophic calculations (Pérez-Hernández et al., 2017). The along-isobath 106 

geostrophic velocities low-passed filtered (20-day cutoff) derived from satellite altimetry are 107 

strongly correlated with the in-situ velocities collected near the northernmost extent of the MC (~ 108 

40-41°S), with the dominant variability mode of the current strength associated with meridional 109 

fluctuations of the Subantarctic Front (Ferrari et al., 2017). Thus, the altimetry derived currents 110 

are a useful indicator of the spatial velocity distribution and their low-frequency variability.  111 
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 112 

 113 

Figure 1. Mean surface circulation schematic in the western South Atlantic. Arrows indicate 114 
pathways of the main currents in the region; a thick dashed line indicates the mean location of the 115 
Brazil-Malvinas Confluence zone. Dotted lines are isolines of mean sea surface height 116 
corresponding to the ACC fronts: the northern branch of the Subantarctic Front (SAF-N, 23 cm), 117 
the main branch of the Subantarctic Front (SAF-M, -10 cm), the northern branch of the Polar Front 118 
(PF-N, -43 cm), the middle branch of the Polar Front (PF-M, -62 cm) according to (Barre et al., 119 
2011; Artana et al., 2019b). The 200, 1000, and 2000 m isobaths are indicated by bold lines. The 120 
shoreline is shown according to the GSHHS data (Wessel, 1996), the bathymetry source is the 121 
GEBCO2019 database.  122 
 123 

Previous studies report a wide range of transport estimates depending on the type of data, 124 

the season when the observations were collected, location, and depth of the measurements. The 125 

transport estimates range between 10 Sv (Gordon & Greengroove, 1986) and 70 Sv (Peterson et 126 

al., 1992). Vivier & Provost (1999a) estimated a mean MC transport of 41.5 ± 12 Sv based on the 127 

current meter measurements collected between 40° and 41°S from December 1993 to June 1995.  128 
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Detailed comparisons of different transport estimates are given in (Maamaatuaiahutapu et al., 129 

1998) and (Piola et al., 2013). Recent calculations made on the basis of ADCP velocity 130 

measurements performed at 46°S give approximately 21 Sv in the upper 600-meter layer and 31 131 

Sv from the surface to the bottom (Morozov et al., 2016), while combined satellite altimetry and 132 

in-situ observations collected near 41°S lead to a 24-year mean transport of 37.1 ± 2.6 Sv (Artana 133 

et al., 2018a). These latter MC transport estimates present strong variability at 30–110 days, 134 

semiannual, and annual periods.  135 

In this work, we focus on the study of the MC structure along its path from the origin at the 136 

northern branch of the ACC in the Drake Passage and up to 46°S, upstream from the Brazil-137 

Malvinas Confluence. We use shipboard ADCP (SADCP) velocity data collected over multiple 138 

crossings of five cross-current transects occupied along the current path. We also use data from 139 

satellite altimetry to investigate the spatial structure of the current at the time of the in-situ 140 

measurements. Using these data, we study the kinematic properties of the MC and calculate its 141 

volume transports at different locations. The goal of our research is to summarize our direct 142 

measurements and analyze the results comparing them with the remote data and previous studies. 143 

 144 

2. Data and methods 145 

This study is focused on the three-dimensional structure of the MC based on direct velocity 146 

measurements at different locations. The vertical structure of the horizontal velocity was observed 147 

along five cross-current transects occupied along the path of the northern ACC and MC using a 148 

SADCP system. Measurements were repeated several times between December 2016 and February 149 

2020 (see Table 1 for details). We use satellite altimetry data to provide a regional view of the 150 

circulation and a qualitative understanding of how observed currents differ from the mean 151 

circulation pattern along the transect lines. 152 

The general description of the transects is provided in section 2.1; the equipment and 153 

processing techniques are described in detail in section 2.2; the satellite altimetry data used to 154 

determine the time averaged circulation and the spatial structure at the time of each in-situ survey 155 

are discussed in section 2.3. 156 
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 157 

Figure 2. Gradient (cm/km) of the mean ADT averaged over 26-year period (a) and mean current 158 
velocities derived from these data (b). Arrows are shown only for mean velocities exceeding 8 159 
cm/s. Locations of the SADCP Transects (1-5, see Table 1) used in this work are shown with red 160 
lines; ship tracks are shown with thin black lines in panel (a). The 200, 1000, and 2000 m isobaths 161 
are indicated by bold lines. The mean locations of the SAF-N, SAF-M, PF-N, and PF-M fronts are 162 
shown with dashed lines. 163 
 164 

2.1. Transects across the current  165 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

Confidential manuscript submitted to Journal of Geophysical Research: Oceans 

 

Locations of the transects have been selected according to the satellite altimetry data in five 166 

regions across the flow in the northern Scotia Sea, over the Falkland/Malvinas Plateau, and in the 167 

Argentine Basin (Figure 2). Gradients of the mean Absolute Dynamic Topography (ADT) (Figure 168 

2a) and calculated geostrophic velocities (Figure 2b) show that the transects are approximately 169 

perpendicular to the mean flow direction. Ship tracks are also shown in Figure 2a; more detailed 170 

information about the in-situ observations is presented in Table 1. Due to rough weather 171 

conditions, we slightly changed the routes of transects 1 and 2 in the western Scotia Sea (Figure 172 

2a). To analyze the MC cross-flow structure, we projected the velocity to the direction 173 

perpendicular to each transect line, hereafter referred to as along-slope current. We checked the 174 

real direction of the MC branches using measured SADCP velocities and satellite altimetry data; 175 

the difference between these estimates of the MC direction and the along-slope component usually 176 

does not exceed 20-30°. We present all values of the MC direction for each of our 16 crossings in 177 

Supporting Information (Table S1) together with other parameters including maximum velocities, 178 

location of the velocity maxima, and transports of the MC branches.  179 

Some of the transects shown in Figure 2 were occupied several times; the actual routes along 180 

each transect slightly differ from each other but generally they are located close to each nominal 181 

line. Typical distances between the real and nominal lines are about 20-30 km reaching a maximum 182 

distance of 100 km at one remote point of Transect 4 (Table 1). Transect 1 is located in the northern 183 

Drake Passage; Transects 2, 3, and 4 started around the western part of the Falkland/Malvinas 184 

Plateau are directed approximately southward, eastward, and northward, respectively; while 185 

Transect 5 is zonally oriented along 46°S. The distance between the transects along the current 186 

path varies from 350 (Transects 3 and 4) to 550 km (Transects 1 and 2).  187 

 188 
Table 1. Crossings of the MC with SADCP measurements analyzed in this work. Abbreviations 189 
of the cruises are: ASV43 – 43rd cruise of the R/V “Akademik Sergey Vavilov”, October – 190 
November 2016; ASV45 – 45th cruise, October 2017 – January 2018; ASV46 – 46th cruise, October 191 
– November 2018; ASV47 – 47th cruise, November – December 2018; AMK79 – 79th cruise of 192 
the R/V “Akademik Mstislav Keldysh”, December 2019 – February 2020. More details are given 193 
in the text.  194 
 195 

Transect 
number 
(Figure. 

2) 

Crossin
g 

number 
Cruise 

Date (d.m.yr) and time 
(GMT) 

Coordinates Transect 
orientatio
n (° true) Start End Start End 

1 1 ASV45 01.12.2017 04.12.2017 63o56.44 S 55o10.67 S 074 
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18:50 01:40 60o49.54 W 66o21.32 W 
2 ASV45 05.12.2017 

04:24 
07.12.2017 
04:24 

55o09.60 S 
66o23.69 W 

64o29.72 S 
63o04.89 W 

074 

3 ASV45 11.01.2018 
21:12 

14.01.2018 
08:17 

62o31.74 S 
59o23.85 W 

55o22.86 S 
66o35.23 W 

074 

4 AMK79 16.01.2020 
10:59 

19.01.2020 
11:41 

55o15.47 S 
65o31.80 W 

63o08.42 S 
63o05.98 W 

074 

5 AMK79 04.02.2020 
10:52 

06.02.2020 
10:22 

61o24.39 S 
60o06.46 W 

56o25.83 S 
67o07.99 W 

074 

6 AMK79 10.02.2020 
03:06 

12.02.2020 
10:58 

55o13.57 S 
66o17.44 W 

62o43.81 S 
62o05.07 W 

074 

2 7 ASV45 31.12.2017 
00:07 

02.01.2018 
11:25 

51o40.23 S 
57o38.10 W 

62o05.54 S 
57o58.08 W 

085 

3 8 ASV45 21.10.2017 
21:50 

25.10.2017 
14:16 

51o40.26 S 
57o49.49 W 

54o09.30 S 
37o30.51 W 

101 

9 ASV45 29.10.2017 
22:25 

02.11.2017 
00:59 

53o55.64 S 
38o07.67 W 

51o18.70 S 
58o00.28 W 

101 

10 ASV45 05.11.2017 
00:18 

07.11.2017 
17:41 

51o39.58 S 
57o40.94 W 

54o10.89 S 
37o31.78 W 

101 

11 ASV45 13.11.2017 
02:16 

16.11.2017 
09:25 

53o54.19 S 
37o31.66 W 

52o24.79 S 
59o21.96 W 

101 

12 ASV45 18.11.2017 
22:19 

21.11.2017 
11:24 

51o39.82 S 
57o38.18 W 

53o55.61 S 
37o46.52 W 

101 

13 ASV45 25.12.2017 
14:01 

28.12.2017 
18:06 

53o56.45 S 
37o27.48 W 

51o14.79 S 
58o13.71 W 

101 

4 14 ASV45 16.10.2017 
13:25 

21.10.2017 
00:53 

39o24.36 S 
50o41.68 W 

51o04.60 S 
57o18.11 W 

023 

5 15 ASV43 12.11.2016 
10:47 

13.11.2016 
00:39 

46o00.00 S 
58o00.10 W 

45o59.93 S 
59o45.23 W 

090 

16 AMK79 12.01.2020 
16:01 

13.01.2020 
05:32 

45o47.95 S 
58o00.13 W 

45o48.32 S 
60o21.34 W 

090 

 196 

 197 

2.2. Direct velocity observations   198 

The underway SADCP data were collected by two research vessels, “Akademik Sergey 199 

Vavilov” and “Akademik Mstislav Keldysh” (Table 1) equipped with identical SADCP systems – 200 

Teledyne RD Instruments Ocean Surveyor (TRDI OS) SADCP with a frequency of 76.8 kHz. 201 

Some peculiarities of SADCP measurements in the Southern Ocean are listed in (Firing et al., 202 

2012). During all our surveys the profilers were set in the narrowband mode, which increases the 203 

profiling range up to 700 meters depth. We set from 60 to 100 vertical bins 16 or 8 meters each 204 

with an 8-meter blank distance immediately below the transducer. The draught of the ship is 6 m, 205 
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which gives 22 or 18 m depth for the center of the first bin (the depth of the uppermost layer with 206 

velocity measurements). Time averaging of the raw data was made over 120 s intervals. Since the 207 

ship speed varied between 8 and 10 knots, this time average represents an along-track averaging 208 

of roughly 500 m. The SADCP data were smoothed with a horizontal scale of 25 km, which is 209 

approximately equal to the resolution of the altimetry data; we estimated the maximum velocity of 210 

the MC branches based on these data. The maximum velocity jets were defined as bands within 211 

the current speed higher than 90% of the maximum velocity value. Measurement errors in the 212 

amplitude of the horizontal velocities were small, approximately 1–2 cm/s (Chereskin and Harris, 213 

1997). We multiply the maximum velocity error (2 cm/s) by the current cross-section for 214 

calculations of the volume transport error bars. Some additional errors can be caused by non-215 

simultaneity of SADCP measurements (Tarakanov, 2018). The TPXO9 model (Egbert & 216 

Erofeeva, 2002) was used to subtract the barotropic tidal velocities at the moment of 217 

measurements. Typical tidal velocities in the region of our transects are insignificant in the open 218 

ocean (usually less than 2-3 cm/s) and higher near the continental shelf (up to 10-15 cm/s). Thus, 219 

tides can significantly affect the flow structure of the inshore branch. 220 

 221 

2.3. Satellite altimetry data 222 

We used a satellite altimetry gridded product (Pujol et al., 2016) available from Copernicus 223 

Marine Environment Monitoring Service (CMEMS, http://marine.copernicus.eu/). These data 224 

have a spatial resolution of 0.25° and a daily temporal resolution. The product includes data from 225 

all available altimeters at any given time. We used different types of altimetric data: Absolute 226 

Dynamic Topography (ADT), Sea Level Anomalies (SLA), and zonal and meridional components 227 

of computed surface geostrophic velocities. It is known that these geostrophic velocities are 228 

strongly correlated with the in-situ velocity observations collected in the MC at 41°S (Ferrari et 229 

al., 2017); in this work, we compare these velocities at different locations of the MC. Average 230 

surface-geostrophic velocities were also used for the analysis of the mean regional circulation 231 

(Figure 2b). Satellite data have advantages and limitations; in general, satellite-derived velocities 232 

have a smaller amplitude than the in-situ velocities, as well as a lower standard deviation (Ferrari 233 

et al., 2012). Though gridded altimetry data are provided with a daily resolution, the satellite revisit 234 

time is about 9.9 days or longer, depending on the platform. Thus, altimetry derived products do 235 

not capture velocity fluctuations typically shorter than about 20 days.  Consequently, satellite 236 
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derived geostrophic velocity is significantly correlated with in-situ observations only after the data 237 

are 20-day low-pass filtered (e.g., Ferrari et al., 2017). Altimetric mapping tends to smooth the 238 

fronts and reduce the velocities of the associated currents. Despite the previously mentioned 239 

limitations, the use of altimetry data allows us to study ocean circulation with regular temporal 240 

and spatial resolution, which provides a context for the results of single transects both in time and 241 

space. 242 

 243 

3. Spatial structure of the MC 244 

We analyze the spatial structure of the MC and northern branch of the ACC at five transects 245 

across the flow; their locations are shown in Figure 2. The analysis of these data is presented for 246 

three different regions, namely, the Scotia Sea, the Falkland/Malvinas Plateau, and the Argentine 247 

Basin south of 46ºS. The results for these three regions are presented below. 248 

 249 

3.1. Structure of the current in the Scotia Sea 250 

We made measurements at two different quasi-meridional sections across the current in the 251 

western Scotia Sea: along Transect 1 in the Drake Passage and along Transect 2 south of the 252 

Falkland/Malvinas Islands. Here, we focus on the northern segments of these two transects. 253 

Synoptic altimetry-derived sea surface velocity maps for these two crossings at the time of in situ 254 

measurements are shown in Figure 3a for Transect 1 and in Figure 3b for Transect 2.  255 

 256 

 257 
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Figure 3. Altimetry-derived sea surface geostrophic circulation in the Scotia Sea on December 2, 258 
2017 (a) and December 31, 2017 (b). The dates correspond to crossings 1 and 7 (see Table 1 for 259 
additional information). Black lines denote ship routes along Transect 1 (a) and 2 (b); white lines 260 
are synoptic locations of the SAF-N, SAF-M, PF-N, and PF-M fronts. Mean locations of the fronts 261 
are shown with dotted (SAF-N), dashed (SAF-M), long-dashed (PF-N), and dashed-dotted (PF-262 
M) lines. 263 

 264 

The results of SADCP measurements in the northern part of these sections are presented in 265 

Figures 4 (Transect 1 in the Drake Passage) and 5 (Transect 2 south of the Falkland/Malvinas 266 

Islands). The northern branch of the ACC, which feeds the MC, is not located near the continental 267 

slope of South America; instead, it flows eastward at a distance of 200 km from the shelf break. 268 

The mean position of the northernmost ACC branch is located further north and closer to the South 269 

America shore than at the time of measurements along Transect 1. The more frequent location of 270 

the main northern branch of the ACC is about 100 km from the shore (see Supplementary Figures). 271 

The mean locations of the Subantarctic Front and northern and middle branches of the Polar Front 272 

are shown in Figure 3 according to (Kim & Orsi, 2014; Barre et al., 2011). On occasions, these 273 

meandering fronts may come close to each other or merge completely. For example, the intense 274 

jet observed on Transect 1 in the Drake Passage in early December 2017 (Figure 4) is associated 275 

with a southward deflection of the SAF-N and a northward deflection of the PF-N (Figure 3a). 276 

Similar frontal displacements are also apparent near Transect 2 in late December 2017 (Figure 3b 277 

and 5). In other cases, these fronts are clearly separated (Figure S2, S3). When there are multiple 278 

intersections between Transect 1 and SAF-N we reported the northernmost crossing. An additional 279 

shallow current branch is observed along the upper continental slope (Figure 3); its vertical extent 280 

reaches about 200 m and the velocities exceed 50 cm/s (Figure 4). This inshore branch flows in 281 

the northward direction closely aligned with the orientation of the upper continental slope, unlike 282 

the main branch, which flows nearly eastward (Figure 3a and 4c). The mean vertical shear of the 283 

inshore branch estimated in the upper 200-meter layer reaches 3*10-3 s-1 in the center of the jet. 284 

The shear of the main branch estimated in the upper 700 m is much lower and equals 1*10-3 s-1. 285 

The inshore branch is observed over all sections occupied in the northern ACC and the MC. The 286 

SADCP observations also reveal a flow in the opposite direction located between the inshore and 287 

main branches. Its width is about 150 km and velocities reach 25 cm/s between the sea surface and 288 

200 m depth at a distance of 200 km from the shore (Figure 4e). Inspection of the altimetry derived 289 

velocity field suggests that the reversing flow across Transect 1 is associated with the strong 290 
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anticyclonic meander of the northern branch of the ACC downstream of the transect (Figure 3a). 291 

These bands of opposite flow are observed on most crossings of the current (Figures 4, 5, S1-S5) 292 

and are apparent both in the SADCP data and altimetry-derived sea surface geostrophic velocities.  293 

 294 

 295 

Figure 4. Transect 1, occupied in the northern Drake Passage on December 1-4, 2017 (Crossing 296 
1; see Table 1 and Figure 2 for location). Top panel (a): altimetry data at the time of measurements: 297 
Absolute Dynamic Topography (ADT, solid blue line), Sea Level Anomaly (SLA, solid red line), 298 
and time mean ADT (dashed blue line). Panel (b): satellite-derived sea surface geostrophic 299 
velocities (SGV) along the SADCP transect. Panel (c): sea surface velocities based on the SADCP 300 
data. Panel (d): difference between measured and altimetry-derived velocities. The true north and 301 
along-slope directions are shown to the right of panels (a) and (b). Bottom panel (e): along-slope 302 
SADCP velocities across the northern ACC branch. The mean locations of the SAF-N, SAF-M, 303 
PF-N, and PF-M fronts are shown with dashed gray lines based on the isolines of mean sea surface 304 
height of 23 cm, -10 cm, -43 cm, and -62 cm according to (Barre et al., 2011). The synoptic location 305 
of the same isolines is shown with vertical solid gray lines. Minor ticks along the x-axis denote 10 306 
km spacing hereafter.  307 
 308 

The Burdwood Bank separates the inshore and main branches, which is seen over Transect 309 

2 (Figure 5). This crossing is located just downstream of an anticyclonic eddy (Figure 3b) which 310 

explains the northeastward velocity component at a distance of 400 km from the shore (Figure 5b 311 

and c). The main MC branch is characterized by an intense velocity core reaching 75 cm/s at 250 312 
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m, and lower sea surface velocity (maximum ~ 58 cm/s). Altimetry-derived and SADCP velocities 313 

are in good agreement (the maximum difference is about 20 cm/s for the intense main branch). 314 

The maximum velocities of the inshore branch are 42 cm/s and directed to the northeast based on 315 

direct measurements; while the amplitudes of altimetry-derived SGV are smaller, reaching 24 316 

cm/s.  317 

 318 

Figure 5. Transect 2, occupied in the Scotia Sea on December 31, 2017 – January 02, 2018 319 
(Crossing 7; see Table 1 and Figure 2 for location). Top panel (a): altimetry data at the time of 320 
measurements: Absolute Dynamic Topography (ADT, solid blue line), Sea Level Anomaly (SLA, 321 
solid red line), and time mean ADT (dashed blue line). Panel (b): satellite-derived sea surface 322 
geostrophic velocities (SGV) along the SADCP transect. Panel (c): sea surface velocities based on 323 
the SADCP data. Panel (d): difference between measured and altimetry-derived velocities. The 324 
true north and along-slope directions are shown to the right of panels (a) and (b). Bottom panel 325 
(e): along-slope SADCP velocities across the northern ACC branch. The mean locations of the 326 
SAF-N, SAF-M, PF-N, and PF-M fronts are shown with dashed gray lines based on the isolines 327 
of mean sea surface height of 23 cm, -10 cm, -43 cm, and -62 cm according to (Barre et al., 2011). 328 
The synoptic location of the same isolines is shown with vertical solid gray lines. 329 
 330 

The complex structure of the northern ACC branch in the Scotia Sea south of the 331 

Falkland/Malvinas Plateau is revealed from time-averaged satellite altimetry derived circulation 332 

(Figure 6). East of Tierra del Fuego the inshore and main branches diverge sharply following the 333 
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bottom topography. The inshore branch that flows along the 200 – 300 m isobaths veers northward 334 

through the passage between Estados Island and the Burdwood Bank and continues along the upper 335 

continental slope around the Falkland/Malvinas Islands. This passage is relatively shallow (< 600 336 

m) and prevents the flow of the main MC branch. Thus, the main branch flows along the southern 337 

slope of the Burdwood Bank, closely following the 1400 isobath; then part of this flow rounds the 338 

eastern slope of the Burdwood Bank and the Malvinas Chasm; and finally turns northward and 339 

flows along the western slope of the Falkland/Malvinas Plateau. A significant fraction of the main 340 

branch continues eastward as part of the ACC. The distance between the main and inshore branches 341 

of the MC along Transect 2 reaches 400 km (Figure 5). Approximately at 53°S, both branches 342 

merge and continue flowing northward alongside at a distance about 100 km between each other. 343 

All these features of the MC can be clearly seen in the mean velocity field derived from the mean 344 

dynamic topography (Figure 6), the SADCP observations (Figure 5, see also Artana et al., 2018b), 345 

hydrographic data (Piola and Gordon, 1989), and numerical simulations (Fetter and Matano, 2008; 346 

Combes and Matano, 2018; Guihou et al., 2020). Based on these observations we suggest that the 347 

inshore branch of the MC originates east of Estados Island, while the main branch originates east 348 

of the Burdwood Bank. 349 

 350 

Figure 6. Inshore and main (offshore) branches of the MC in the northern Drake Passage and 351 
western Scotia Sea. Time-averaged over 26 years geostrophic velocities derived from the mean 352 
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satellite altimetry data are shown with colored arrows. Only velocities higher than 8 cm/s are 353 
shown; the magnitudes of the current speeds are shown with both colors and vector length. 354 
Locations of the fronts are shown with dashed black lines. 355 
 356 
 357 

 358 
3.2. The flow over the Falkland/Malvinas Plateau 359 

The altimetry derived circulation and frontal locations during each of the six occupations of 360 

transect 3 are presented in Figure 7. The locations of the SAF-N and SAF-M, and the associated 361 

high velocity cores in this region are quite variable, presenting meanders and eddies. This 362 

observation is in agreement with the moderate increase in altimetry and model derived eddy kinetic 363 

energy (300-400 cm2/s2) observed downstream of the Malvinas Chasm (e.g., Artana et al., 2016, 364 

2018c). Figure 8 presents the SADCP section occupied 21-25 October 2017, together with the 365 

altimetry derived ADT, SLA and SGV sections. At this time the SAF-N runs nearly parallel to the 366 

section (Figure 7a) but the inner MC core is located close to the climatological location of the front 367 

(Figure 8e). The main core of the MC as depicted by both, the SADCP and altimetry surface 368 

geostrophic velocity, is located west of the SAF-M (Figure 8a and 8e). This indicates that at this 369 

time the SAF-M is associated with higher ADT values than those defined by Barre et al. (2011).  370 

Similar discrepancies are observed at the SAF-N front (Figure 7) and this is possibly due to spatial 371 

and temporal variations of the ADT value corresponding to the front location. Specific time-372 

averaged ADT values that match SAF-N and SAF-M fronts in the northern Drake Passage do not 373 

necessarily match so well further downstream. In addition, there are time variations of the ADT 374 

associated with the highest ADT gradients at each location. All other crossings along Transect 3 375 

are presented in Supporting Information for this article (Figures S6 to S10). In both branches, the 376 

maximum velocities are observed at the sea surface; the maximum of the inshore branch (60 cm/s) 377 

is located over the 200-m isobath; and that of the main branch (43 cm/s) is over the 1500-m isobath. 378 

The widths of the maximum velocity cores, defined as bands where the current speed exceeds 90% 379 

of the maximum, are 4.3 and 18.6 km for the inshore and main MC branches, respectively. 380 

Horizontal scales of the current width are 50 km for the inshore branch and 150 km for the main 381 

branch. Mean sea surface velocities within these limits are 26 cm/s and 21 cm/s for the inshore 382 

and main MC branches, respectively. The mean vertical shears of the inshore and main branches 383 

are 2*10-3 s-1 and 4*10-4 s-1, respectively. Additionally, less intense and shallower high-velocity 384 
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filaments are apparent east of the inshore branch. These less intense features are also observed in 385 

all other occupations of Transect 3 (Figure 9 and Supplementary Material, Figures S6 to S10).  386 

 387 

Figure 7. Altimetry-derived sea surface geostrophic circulation over the Falkland/Malvinas 388 
Plateau on October 22, 2017 (a), November 01, 2017 (b), November 05, 2017 (c), November 15, 389 
2017 (d), November 19, 2017 (e), December 25, 2017 (f). The dates correspond to crossings 8, 9, 390 
10, 11, 12, and 13 (see Table 1 for additional information). Black solid lines denote ship routes; 391 
white lines are synoptic locations of the SAF-N and SAF-M fronts. Mean locations of the fronts 392 
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are shown with dotted (SAF-N) and dashed (SAF-M) lines. The location of specific eddies is 393 
indicated as A1-A4 for anticyclonic eddies and C1 for a cyclonic eddy. 394 

 395 

 396 

Figure 8. Transect 3, occupied over the Falkland/Malvinas Plateau on October 21-25, 2017 397 
(Crossing 8; see Table 1 and Figure 2 for location). Top panel (a): altimetry data at the time of 398 
measurements: Absolute Dynamic Topography (ADT, solid blue line), Sea Level Anomaly (SLA, 399 
solid red line), and time mean ADT (dashed blue line). Panel (b): satellite-derived sea surface 400 
geostrophic velocities (SGV) along the SADCP transect. Panel (c): sea surface velocities based on 401 
the SADCP data. Panel (d): difference between measured and altimetry-derived velocities. The 402 
true north and along-slope directions are shown to the right of panels (a) and (b). Bottom panel 403 
(e): along-slope SADCP velocities across the MC. The main and northern branches of the 404 
Subantarctic Front are shown with dashed gray lines based on the isolines of mean sea surface 405 
height of -10 cm and 23 cm according to (Barre et al., 2011). The synoptic location of the same 406 
isolines is shown with vertical solid gray lines. 407 
 408 
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 409 

Figure 9. Sea surface velocities over the Falkland/Malvinas Plateau along Transect 3 based on 410 
SADCP data collected during six crossings of the MC in October-December 2017. Corresponding 411 
synoptic maps of altimetry-derived velocities on the same dates are given in Figure 7. Solid gray 412 
lines indicate the synoptic location of the SAF-N and SAF-M fronts; dashed lines indicate the 413 
mean locations of these fronts. Note that transect locations do not exactly match, leading to the 414 
observed displacement of time-averaged front locations. The lower panel shows the mean 415 
bathymetry based on the GEBCO version 2019 data interpolated over the section. In each crossing 416 
the locations of specific eddies indicated in Figure 7 are shown (A1-A4 and C1). 417 

 418 

Further insight on the time variability of the velocity field over the Falkland/Malvinas 419 

Plateau is provided by the comparison of the SADCP derived surface velocities observed during 420 

each occupation (Figure 9). The shallow Falkland/Malvinas Plateau is a hotspot for dissipation of 421 
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the eddy kinetic energy (EKE) spreading from the Drake Passage, which decreases from > 600 422 

cm2/s2 to ~ 300 cm2/s2 across the North Scotia Arc (Artana et al., 2016). Maximum velocities and 423 

their location relative to the shore vary significantly. As pointed out above, in some crossings, the 424 

inshore or main branches split into two separate jets. Bands of opposite flow (directed 425 

southwestward) are observed at all crossings; they are especially strong in the area east of the main 426 

branch where flow speeds are usually as high as in the main branch (up to 72 cm/s). The altimetry 427 

confirms the presence of this opposite flow at the sea surface. At some crossings, the inshore jet 428 

shifts significantly offshore. For example, measurements performed on November 15, 2017 show 429 

that the center of the inshore branch is located almost 150 km from the coast.  430 

The flow structure along Transect 4 is similar to the structure along Transect 3 (Figures 10a 431 

and 11). The inshore branch is characterized by the near-surface maximum velocities of 55 cm/s 432 

located over the 250-m isobath; the main branch, with velocities up to 45 cm/s is located over the 433 

1500 m isobath. The speeds are approximately 10 cm/s higher than those observed in Transect 3, 434 

which is confirmed by direct measurements and satellite altimetry. A cyclonic eddy is observed in 435 

the northern part of the transect (centered at a distance of 350 km from the shore in Figure 11, also 436 

see Figure 10a); it is revealed both in the altimetry and direct velocity observations. Our route 437 

crossed almost the center of this cyclonic eddy. Two velocity maxima were found in the main 438 

branch of the MC, which are located one above the other: one maximum is observed near the sea 439 

surface (45 cm/s) and the other one at 400 m depth (41 cm/s). The sharp northern boundary of the 440 

current (at about 300 km from shore) is due to the presence of the previously mentioned eddy, 441 

which drives a relatively intense southwestward counterflow (27 cm/s) just north (offshore) of the 442 

main MC branch. The inshore and main branches are separated by a band of low velocities 443 

approximately 100 km wide and some filaments of weak reversing currents (less than 10-15 cm/s) 444 

which extend to the ocean bottom. A separate high-velocity flow is observed at 300 km from the 445 

shore at a depth of 550 m. The maximum velocity within this core is 31 cm/s; the flow is directed 446 

along the slope (as the entire main branch, to the west and northwest, see Supporting Information, 447 

Figure S27). The distance between this subsurface core and the slope is ~100 km. It should be 448 

noted that the data from the deepest levels are generally less accurate than those from the surface 449 

layers due to weaker reflected signal.  450 

 451 

 452 
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 453 

Figure 10. Altimetry-derived sea surface geostrophic circulation in the Argentine Basin on 454 
October 19, 2017 (a) and January 12, 2020 (b). The dates correspond to crossings 14 and 16 (see 455 
Table 1 for additional information). Black lines denote ship routes along Transects 4 (a) and 5 (b); 456 
white lines are synoptic locations of the SAF-N and SAF-M fronts. Mean locations of the fronts 457 
are shown with dotted (SAF-N) and dashed (SAF-M) lines. 458 
 459 

 460 

3.3. The Malvinas Current along the western margin of the Argentine Basin 461 

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

Basin compared to the Falkland/Malvinas Plateau, probably steered by the sharp bottom slope, and 463 

the current velocities remain relatively high up to the Confluence zone. Two zonal crossings were 464 

performed approximately along 46°S (Figures 10b and 12). 465 

 466 
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 467 

Figure 11. Transect 4, occupied over the Falkland/Malvinas Plateau on October 16-21, 2017 468 
(Crossing 14; see Table 1 and Figure 2 for location). Top panel (a): altimetry data at the time of 469 
measurements: Absolute Dynamic Topography (ADT, solid blue line), Sea Level Anomaly (SLA, 470 
solid red line), and time mean ADT (dashed blue line). Panel (b): satellite-derived sea surface 471 
geostrophic velocities (SGV) along the SADCP transect. Panel (c): sea surface velocities based on 472 
the SADCP data. Panel (d): difference between measured and altimetry-derived velocities. The 473 
true north and along-slope directions are shown to the right of panels (b), (c), (d). Bottom panel 474 
(e): along-slope SADCP velocities across the MC. The main and northern branches of the 475 
Subantarctic Front are shown with dashed gray lines based on the isolines of mean sea surface 476 
height of -10 cm and 23 cm according to (Barre et al., 2011). The synoptic location of the same 477 
isolines is shown with vertical solid gray lines. 478 
 479 
 480 

 481 

Two pronounced current jets are clearly observed along this section; the inshore branch 482 

(maximum velocity is 56 cm/s) is observed over the 300 m isobath and the main branch (95 cm/s) 483 

is over the 1500-m isobath. The widths of these maximum velocity jets are 4.0 km and 2.7 km for 484 

the inner and main cores, respectively; while mean velocities over each branch are 26 cm/s and 39 485 

cm/s. The fastest part of the current is located at or near the sea surface (in the upper 50 m). In the 486 

main branch, the velocity decreases almost by half at a depth of 600 meters. The mean vertical 487 

shears of the MC are lower at this crossing in comparison with upstream transects: the values of 488 
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the shear do not exceed 1*10-3 s-1 and 3*10-3 s-1 for the inshore and main branches, respectively. 489 

The widths of the inshore and main branches are 50 and 150 km, respectively. Satellite-derived 490 

geostrophic velocities confirm the two-jet structure of the MC near 46°S (Figure 10b). Based on 491 

the altimetry, these two branches appear to merge north of 44°S. Two crossings of the current 492 

along this transect show similar velocity structures. Though crossing 15 (Table 1) occupied in 493 

November 2016 did not reach the outer shelf, it shows the inshore and main branches of the MC 494 

with maximum velocities of 65 and 71 cm/s, respectively (Figure S11). These two sections across 495 

the inshore jet reveal variable velocity of the coastal branch, which may be associated with the 496 

presence of recently reported trapped waves in the region (Poli et al., 2020). The relatively low sea 497 

level anomalies observed in the main part of the current (red line in Figure 12a) are consistent with 498 

the low variability characteristic of this region; though intense eddies are usually observed east ~ 499 

58°W (i.e., further offshore from transect 5, e.g., Artana et al., 2018b). 500 

 501 

Figure 12. Transect 5, occupied in the western Argentine Basin on January 12-13, 2020 (Crossing 502 
16; see Table 1 and Figure 2 for location). Top panel (a): altimetry data at the time of 503 
measurements: Absolute Dynamic Topography (ADT, solid blue line), Sea Level Anomaly (SLA, 504 
solid red line), and time mean ADT (dashed blue line). Panel (b): satellite-derived sea surface 505 
geostrophic velocities (SGV) along the SADCP transect. Panel (c): sea surface velocities based on 506 
the SADCP data. Panel (d): difference between measured and altimetry-derived velocities. The 507 
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true north and along-slope directions are shown to the right of panels (a) and (b). Bottom panel 508 
(e): along-slope SADCP velocities across the MC. The main and northern branches of the 509 
Subantarctic Front are shown with dashed gray lines based on the isolines of mean sea surface 510 
height of -10 cm and 23 cm according to (Barre et al., 2011). The synoptic location of the same 511 
isolines is shown with vertical solid gray lines. 512 
 513 
 514 
 515 
 516 
 517 

4. Volume transport variations along the MC path. 518 

There are several estimates of volume transport of the MC at different locations, different 519 

depth ranges, and application of different methods. In the following subsections, we overview the 520 

existing transport estimates (4.1) and estimate the transports in the upper 700 m based on our 521 

SADCP data (4.2).  522 

 523 

4.1. Existing estimates of the MC transport 524 

The MC volume transports reported in the literature vary in a wide range (Table 2). The first 525 

MC transport estimates were based on geostrophic calculations (Gordon & Greengrove, 1986; 526 

Maamaatuaiahutapu et al., 1998). Calculations of geostrophic velocities from hydrographic data 527 

require the choice of a reference level. The problem of this choice for the MC is in its strong 528 

barotropic structure; the current extends to the bottom and causes high uncertainties in the volume 529 

transport based on baroclinic geostrophic calculations derived from hydrographic observations. 530 

This emphasizes the value of directly measured velocities. In addition, the sharp bottom slope 531 

precludes estimating the baroclinic shear in portions of the water column below the deepest 532 

observation of the shallowest station of each pair (i.e., the well-known bottom triangle problem). 533 

The combination of hydrographic observations with satellite altimetry data and adjusted to direct 534 

velocity measurements gives about 50 Sv at 45°S (Saunders & King, 1995), 41.5±12.5 Sv at 40 – 535 

41°S (Vivier & Provost, 1999b), and 37.1 ± 2.6 Sv at 41ºS (Artana et al., 2018a, and references 536 

therein).  These relatively high transports indicate the strong contribution of the barotropic flow, 537 

which cannot be determined only based on geostrophic calculations from hydrographic data.  538 

 539 

Table 2. Volume transports of the MC at different transects based on the literature data 540 

Location of the 
transect 

Depth range, m Method Transport, Sv Source 
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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 

isobaric surface 
Geostrophic  3.4 – 12.4 (Remeslo et al., 

2004) 
46°S Upper 600 m SADCP 20.7 (Morozov et al., 

2016) 
46°S  Surface to 

bottom 
LADCP 30.9 (Morozov et al., 

2016) 
near 45°S  Surface to 

bottom 
Geostrophic 
adjusted with 

direct 
current 

observations 

50 (Saunders & King, 
1995) 

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 

bottom  
Satellite altimetry 
with direct current 

observations 

41.5±12.5 (Vivier & Provost, 
1999b) 

40 – 41°S Surface to 
bottom  

Satellite altimetry 
with direct current 

observations 

35±7.5 Sv (Spadone & 
Provost, 2009) 

40 – 41°S Surface to 
bottom 

Current meters 
deployed on 

moorings 

37.1 (Artana et al., 
2018a) 

Part of the 
current in the 

Argentine Basin 

Surface to 
bottom  

Numerical 
simulations 

Northward 
decrease 

from 70 to 54 
Sv 

(Fetter & Matano, 
2008) 

40-41°S Surface to 
bottom 

Numerical 
simulations 

40 Combes & Matano 
(2014) 

 541 

The variability of the baroclinic volume transport is discussed in (Remeslo et al., 2004) on 542 

the basis of a series of 140 hydrographic sections occupied along 46°S; these transports vary from 543 

12.4 to 3.4 Sv in the upper layer of the current (relative to and above 800-dbar). Moorings deployed 544 

at 40 – 41°S show significant variability of the MC transports with a mean value of 37.1 Sv and a 545 

standard deviation of 6.6 Sv (Artana et al., 2018a). Estimates based on the direct SADCP 546 

measurements performed at 46°S give 20.7 Sv in the upper 600 m and 30.9 Sv over the same 547 

section with measurements from the sea surface to the bottom performed by LADCP (Morozov et 548 

al., 2016). In this work, the estimates were made separately in the narrow (∼20-km) bands 549 
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associated with the inshore and offshore branches (3.2 and 4.0 Sv above 400 m, respectively). In 550 

the following section, we present separate estimates for the two main branches of the MC. 551 

 552 

4.2. Calculations of the transport based on the SADCP data 553 

We calculate the transport of the MC in the upper 700 m for each crossing of the current in 554 

the Argentine Basin and over the Falkland/Malvinas Plateau. Mean values of these transports are 555 

given in Table 3 for each transect; the data for each individual crossing are presented in Supporting 556 

Information (Table S1). As we have observed two distinct branches at every transect, we estimated 557 

the transport individually for each branch and then computed the total transport of the MC. The 558 

transport of the main branch for Transects 1 and 2 is not presented because in this region the current 559 

is part of the ACC upstream from the bifurcation west and east of the Burdwood Bank (Figure 5) 560 

making it difficult to determine what fraction of the flow veers northward (i.e., along the MC path) 561 

and eastward following the ACC. In addition, as noted earlier, meandering of the SAF and PF 562 

preclude a clear distinction of the transport associated with the SAF. We also list the maximum 563 

along-current velocities for each branch in Table 3. Standard deviation of the velocity maximum 564 

value is also shown in Table 3. It should be noted that our estimates of maximum velocities at 565 

transects 1 and 2 can be associated with the merged Subantarctic and Polar fronts depending on 566 

their actual position during the occupation of each transect. To estimate the volume transport, we 567 

interpolated these data to a regular grid 1 km wide and 8 m thick and integrated the transport 568 

between the sea surface and 700 m or ocean bottom in shallower areas. In addition, we extrapolated 569 

these data to the sea surface using the nearest neighbor method. The velocities extrapolated to the 570 

surface are quite reliable for the transport calculations of the whole current due to the barotropic 571 

structure of the flow and relatively small thickness of the unsampled near-surface layer (18-22 m). 572 

The velocity data across each section were integrated over the area of each branch; we defined the 573 

boundary between the branches based on the minimum value of the along-flow velocity at the sea 574 

surface between the cores of the two MC branches. We present the exact limits of the transport 575 

calculations in Table S2 of Supporting Information. Thus, subtraction of tidal velocities is 576 

important for more precise transport calculations. We integrated both positive and negative 577 

components of cross-section velocities and then calculated their sum for the total estimate of the 578 

transport through the transect (Table 3 and Table S1).  579 
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The inshore branch transports vary from 2.4 to 6.3 Sv, which represents 10-15% of the total 580 

MC transport (Table 3). The transport of the main branch varies downstream along the MC path 581 

in the Argentine Basin from 23.4 to 25.4 Sv. Variations of the inshore branch transport are higher; 582 

the transport varies between 2.4 and 6.3 Sv at different locations. The minimum transport is 583 

observed at Transect 4, while transports at Transects 3 and 5 are significantly higher. The total 584 

transport of both MC branches based on our SADCP measurements reaches almost 30 Sv at 46°S. 585 

The transport increase between Transects 4 and 5 may be due to a recirculation cell within the 586 

cyclonic loop of the MC in the western Argentine Basin (e.g., Peterson, 1992). However, the 700 587 

m integration limit imposed by the SADCP observations are probably too shallow and preclude 588 

fully explaining the along-path transport variations of the MC. Moreover, Transect 4 was occupied 589 

only once and the transects were occupied at different times. Thus, a detailed analysis of the 590 

transport variations along the MC path requires additional data. Though the transport have been 591 

estimated at different locations and on different dates, they are based on high cross-flow resolution 592 

observations and can therefore be helpful for validation of transport estimates based on other 593 

observational methods and numerical simulations.  594 

 595 

 Table 3. The volume transports and maximum velocities of both MC branches at different 596 
transects across the current. Numbers of the transects are specified in Figure 2 and Table 1.  597 
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5 
4.4±
0.4 

1.0 61 6 100 – 
110  

35 25.4
±3.0 

1.1 83 17 130 
– 

150 

53 29.8
±3.4 

 598 

 599 

 600 

 601 

 602 

5. Summary and Conclusions 603 

Despite the fact that the spatial structure of the MC has been addressed in numerous studies, 604 

direct measurements of the velocity field remain quite rare. In this work, we analyzed a set of 605 

recent observations performed along a series of cross-flow transects occupied in 2016 – 2020, 606 

focused on the spatial distribution of the current velocities. Further studies are needed to better 607 

understand the dynamics of this region. As altimetry-derived sea surface circulation is known to 608 

reproduce the main circulation patterns at time scales longer than about 20 days, these data can be 609 

used to investigate the spatial and temporal variability of the surface manifestation of the MC 610 

branches. There is a good overall agreement between altimetry and direct current observations and 611 

altimetry provides helpful information on the regional circulation. Temporal variability of the 612 

volume transports can also be studied by the altimetry data, but high horizontal resolution 613 

subsurface observations may be required to properly assess the impact of the ubiquitous high 614 

velocity cores revealed by the SADCP data on the MC transport. The first results of the analysis 615 

performed in this work are listed below: 616 

1. High velocities are observed along the current pathway from the Drake Passage up to 46° 617 

S. Though the overall vertical structure of the MC is characterized by low to moderate vertical 618 

shear, as reported in previous studies, the direct SADCP measurements indicate that the highest 619 

velocities are observed in the upper layer with a thickness of 200-400 m depending on the transect. 620 

The vertical shears of the inshore and main MC branches reach 3*10-3 s-1 and 1*10-3 s-1, 621 

respectively; with higher shears observed in the inshore branch. At some sections, the maximum 622 

speed is found at the sea surface; at others, it can be located as deep as 200 – 400 m. 623 

2. The main feature of the velocity structure of the current revealed by the SADCP 624 

observations is the existence of two MC branches. The branches are observed at all transects 625 

occupied along the pathway of the northern ACC and MC up to 46°S. Most transects reveal a band 626 
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of opposite flow or significantly lower along-slope velocities located between the two MC 627 

branches. These low or opposite velocity bands are 50-200 km wide and are observed in both 628 

SADCP and altimetry data. The inshore current branch presents relatively stable velocities along 629 

the current pathway, reaching up to 60 – 80 cm/s and closely follows the 200 – 300 m isobaths. 630 

The vertical and horizontal shears in the inshore branch are large in comparison with the main 631 

branch. As a result, the total transport of this branch is rather small. The velocity of the main branch 632 

is more variable along the current pathway exceeding 90 cm/s in the northern Drake Passage and 633 

70 cm/s at 46°S in the western Argentine Basin, while the velocity decreases over the 634 

Malvinas/Falkland Plateau. 635 

3. The inshore and offshore branches diverge sharply southwest of the Burdwood Bank. The 636 

shallow passage between Estados Island and the Burdwood Bank allows only the shallow branch 637 

to flow northward and follow the upper continental slope, thus marking the initiation of the inner 638 

MC branch. In contrast, the main branch veers northward east of the Burdwood Bank, where the 639 

mean flow bifurcates, part flowing northward and feeding the main MC branch and part of the 640 

flow continuing eastward as part of the ACC. At this point, these two MC branches are more than 641 

300 km apart from each other. 642 

4. Relatively high maximum velocities (51-84 cm/s) are observed along the inshore branch 643 

of the MC. In contrast, in the main branch relatively high maximum velocities are observed in the 644 

Drake Passage and western Scotia Sea (88-94 cm/s) and in the Argentine Basin (83 cm/s), but the 645 

velocities decrease to 57 – 63 cm/s over the western Falkland/Malvinas Plateau. These spatial 646 

changes in sea surface velocities are confirmed by satellite altimetry data.  647 

5. Calculations of the volume transports based on the direct SADCP measurements in the 648 

waters shallower than 700 m vary from 2.4 to 6.3 Sv in the inshore branch and from 21.3 to 25.4 649 

Sv in the main branch. 650 

 651 
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