
The baroclinic structure of the BMC region, with high temperature contrast between the BC and 
MC, make it suitable to study using both altimetry (AVISO) and sea surface (MODIS) satellite 
images2. Previous to the cruise, these images were used to identify the frontal region and 
determine the sampling locations. From these images (Fig. 2) we can identify the MC along the 
shelf slope as a light color band zone and the BC on the north part with warmer colors, each 
100 km wide, encountering both near 40ºS. These images also reveal a complex meso and 
submesocale activity southwest of the confluence. The more remarkable mesoscale features in 
the BMC during the cruise are two anticyclone (warm core) vortices detaching from the 
meandering BC a cyclonic (cold core) eddy east of the BMC, and a filament flowing eastward 
along the surface front.  
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The Brazil-Malvinas Confluence (BMC) is the encountering site, in the South West Atlantic, of waters of subtropical and subantarctic origin. During March 2015, the R/V 
Hespérides carried out the TIC-MOC cruise, with 14 days of measurements in the BMC region. The instabilities caused by the encounter of warm waters flowing from the 
north and cold waters from the south, originate a complex frontal structure developing on top of the very energetic large-scale Brazil Current (BC) and Malvinas Current 
(MC), with multiple structures of different scales, such as eddies, rings and filaments.  
We use the field and remote data to characterize the hydrographic and velocity fields of the large-scale encountering region as well as the mesoscale cyclonic and 
anticyclonic eddies that develop on the lee-side of the collision. Further we use the ship hydrographic and velocity field data to illustrate the presence of thermohaline 
intrusions in the frontal region, and combine the ship and altimetry data to compute the submesoscale ageostrophic velocity fields. A remarkable eastward filament  shows 
up on the subtropical side of the frontal region. 

Structure identification from satellite images 

Fig. 2. (Left) Absolute dynamic topography during March 2015 in the southwest Atlantic. (Right) 
Zoom of the TIC-MOC cruise area, superimposing the surface geostrophic currents and the 

location of conductivity-temperature-depth (CTD) casts (blue dots).  

Total Kinetic Energy 

The BMC is one of the most energetic regions in the ocean4, related to the strength of the colliding 
currents and the resulting high eddy activity. The highest velocities are associated  to the MC and the 
frontal area, precisely to the filament formed between both currents. Velocity data in the frontal region, as 
obtained from a Lowered Acoustic Doppler Current Profiler (LADCP), reveal surface velocities of up to 1.5 
m s-1 associated to the eastward flowing filament (Fig. 6). We estimate the kinetic energy associated to the 
submesoscale structures (Fig. 5) as the difference between the in-situ measured surface velocities and the 
absolute geostrophic velocity provided by AVISO. This energy concentrates on the frontal area, precisely 
in the location of the intense eastward propagating filament.  
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Fig. 5. (Left) Total kinetic energy (KE) as estimated from the geostrophic velocities shown in Fig. 
1. (Right) Kinetic energy associated to the submesoscale structures. 
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Introduction

Fig. 1. Schematics of 
the surface circulation 

pattern in the BMC1

In order to define the fine structure of the front, six cross-front sections (100-km and down to 
400 m,)were carried out. Two of these sections reveal the presence of numerous thermohaline 
intrusions. These are 10-50 m thick and 10-20 km wide, intruding some 50 km into both sides 
of the frontal system.  

On the upper 25 m of the water column, we also observe a relatively fresh water filament, 
originated in the Rio de la Plata estuary, about 500 km from the sampling region. The filament 
extends some 50 km on top of the warm side of the frontal system, being characterized by 
swift eastward currents.

Submesoscalar structures from high-resolution field data 

Fig. 4. (Right) Absolute salinity of the first two interior section (fig.1). (Left) Conservative 
temperatire of the sections 

Fig. 6.(Left) Vertical section of velocity as measured with the LADCP during  the cruise (outer 
section in Fig. 2), with the negative values indicative of  velocities entering the domain; contours 

correspond to neutral density values (kg m-3). (Right) Vertical section of  total KE (cm-2 s-2 ). 

The MC and BC represent a KE flux into the 
confluence region of 0.10 and 0.18 GW, 
respectively, for a total of 0,28 GW (Fig. 7). 

On the other hand, the total energy contained in 
the mesoscale structures inside the sampling 
domain is about 2x1015 J, giving a residence time 
of the order of 10-100 days to these structures.  

While some of these mesoscalar structures may 
flow away from the BMC region during these time 
intervals, others remain in the BMC for longer 
periods, thus requiring substantial energy 
transfer from the meso to the submesoscale. 

The analysis of the kinetic energy (KE) per unit mass, as obtained from the LADCP data, reveals higher 
values (~4000 cm-2 s-2 ) in the eastern part of the confluence, associated to the filament, and in the 
eddies shown in Fig. 2. The total KE associated to each of the currents is around 1700 cm-2 s-2, being 
largest in the MC, and in the anticyclonic return of the BC. Maximum submesoscalar KE is associated to 
the eastward flowing filament. 

Fig. 7. Flux of total KE into the BMC. Fluxes  
associated to the (left) MC and (right) BC.  

Sea surface temperature (SST) images 
revea l t he ex i s tence o f mu l t i p l e 
submesoscale features on the shelf break, 
suggesting lateral mixing processes 
between the adjacent water bodies. The 
contrast in density, as shelf waters are 
warmer than the waters carried by the MC, 
appears as a principal driver of the 
submesoscale activity. 

Fig. 3. SST image, with CTD locations and 
trajectories of deployed drifters superimposed. 
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