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INTRODUCTION

Any ocean perturbation tends towards an equilibrium situation where the vertical balance is hydrostatic and the dominant horizontal forces are 
pressure gradients and Coriolis force, the so called geostrophic balance. Any motion that represents a desviation from this balance is named 
ageostrophic. At spatial and temporal scales of order 10-100 km (mesoscale) and longer, these desviations are small except within boundary layers 
related to the sea-surface wind stress and the sea-bottom friction. At shorter scales (submesoscale), however, they may represent a major part of the 
motion: these ageostrophic movements correspond to high Rossby values (the ratio of the inertial period, of order 1 day, and the advective time 
scale) and are usually accompanied by significant vertical motions.
The Brazil-Malvinas Confluence (BMC) region is located approximately 200-400 km offshore from Rio de la Plata, where the Brazil Current (BC) and 
Malvinas Current (MC) collide [1]. This clash leads to the generation of very energetic mesoscale and submesoscale features, as well as to different 
kinds of propagating waves. During March 2015, the R/V Hespérides sampled the BMC with several high resolution transects of the BMC frontal 
region (Figure 1), including velocity, temperature and salinity measurements (TIC-MOC cruise). These field data is complemented with data from 
satellites, the Argo program and the Copernicus operational model. Here we present the results of the data analysis, including the determination of 
vertical velocities as obtained solving the Omega equation. The BMC turns out to be a region with very energetic ageostrophic motions, characterized 
by a surface filament and subsurface thermohaline intrusions, as well as substantial vertical velocities.

GEOSTROPHIC FIELD

In the confluence region we have high- and low-pressure regions, 
the oceanic anticylones and cyclones, with spatial scales of order 
100 km. As the flow takes place over a rotating reference system – 
the Earth – there is a new major actor in the force balance: the 
Coriolis force. This force is so relevant that causes the mean flow to 
take place approximately along constant pressure contours (Table 
1), in the southern hemisphere keeping the high pressures on the left 
of the direction of motion. The flow that follows such a balance is 
named geostrophic; at the sea surface it can be calculated from the 
sea surface elevation fields while at depth it requires also knowing 
the density fields (Table 1). In Figure 2 we show the sea-surface 
geostrophic velocities in the BMC at the time of the TIC-MOC cruise, 
with the highest values in the frontal region, where the pressure 
gradients are maxima.

AGEOSTROPHIC FIELD

The large scale and most of the mesoscale (flow in the 10-100 km 
range) is close to geostrophic balance. However, the flow that takes 
place at shorter scales is commonly far from such balance, and the 
associated currents are commonly named ageostrophic. A simple 
definition for these currents corresponds to the difference between 
the real currents and those deduced from the geostrophic 
approximation. Those areas with submesoscalar features, such as 
filament and short-scale instabilities (order 100-1000 m), are 
characterized by high ageostrophic currents. Figure 3 shows the 
ageostrophic surface field in the BMC at the time of the TIC-MOC 
cruise, its maximum values corresponding to a very intense filament 
that flows southeast along the frontal region.

VERTICAL VELOCITY FIELD

The flow in geostrophic balance has no vertical motions. In contrast, 
the ageostrophic contribution may have vertical movements that are 
typically of order 10 meters per day. These vertical movements can 
be calculated from the solution of the omega equation [2], which 
takes into consideration the advective momentum terms in the 
equations of motion (Table 1). Figure 4 presents the vertical 
velocities calculated this way, of about 8 meters per day, with 
maximum positive and negative values again at the frontal region.
Table 1: Main equations used during the study. Here (x,y,z) are the spatial coordinates and t is time, 
and the dependent variables are the velocity ū=(u,v,w) (ūg=(ug,vg,0) is the velocity in geostrophic 
balance), ⍴ is density, p is pressure, and ζg (0=δvg/δx - δug/δy) is the geostrophic relative vorticity. 
The parameters are ƒ as the Coriolis parameter, Ah and Av as the turbulent diffusion coefficients, and 
g as gravity. 
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Fig. 4: Surface vertical velocity (m day-1) 
from 18 March 2015.

Fig. 2: Surface geostrophic velocity (m s-1) 
from 18 March 2015.

Fig. 3: Surface ageostrophic velocity (m s-1) 
from 18 March 2015.

Fig. 1: Sea surface temperature field from 18 
March 2015. Black dots indicate the stations 
during the TIC-MOC cruise.
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