
FINAL REPORT PROGRAM LEFE 

Program LEFE/IMAGO  RADII 

Routes vers lA DIssIpation 

Years 2017-2019 

PI Claire Ménesguen, 

claire.menesguen@ifremer.fr 

LOPS (Laboratoire d’Océanographie Physique et 

Spatiale) 

Contribution to: N/A 

Other funding sources: N/A 

Context 

In this study, we investigate the branch of the direct energy cascade starting from the geostrophic-eddies field. 

These oceanic eddies originate from the baroclinic destabilization of well-balanced geostrophic currents and are 

the largest ocean kinetic energy reservoir. To achieve equilibrium, they must redistribute or viscously dissipate 

their kinetic energy at smaller scale. 

 

Objectives / scientific questions 

The scientific objectives of this project were to apprehend different mechanisms of dissipation of the mesoscale 

via different tools such as realistic or idealized simulations, or even based on in situ observations. 

 

Main results  

 

 
 

Figure 1 : (a) Density profiles at moorings B from 300m to 
700m. Only the profiles of the first year and the last year of 
data are shown. 1 every 10 profiles are displayed. (b) Number 
of steps detected in density profiles measured by ITP or ship-
based CTD casts. Red diamonds are positions of the four 
moorings. Dashed gray lines indicate the bathymetry every 
500m within depth range 0-2000m. 

Figure 2 : Maps of the vertically integrated mean eddy-energy 
fluxes divergence [W m-2] computed in two different ways from 
a regional numerical simulation (dx ~ 2.5 km) outputs. On the 
left, it is computed from the expression ‘step 0’ using the 3D 
numerical fields whereas, on the right, it is computed from the 
expression ‘step 4’ using the surface numerical fields. The 
overbar denotes a 5-year time average. The black contours 
denote the 300, 1000 and 3000 m isobaths. 

 

One of the studies in this project aimed at identifying the signature of small-scale mechanisms in in situ data 

collected by a Beaufort Gyre observation program (BGEP) in the Canada basin in the Arctic Ocean. Discontinuities 

have been highlighted in the density profiles forming a few stair steps (Figure 1a) with a distribution covering the 

entire Canada basin for a few years (from the start of observations in 2004 until 2007). This period is followed by 

another period (2017-2018) where a gradual erosion of the steps took place (Figures 1a and 1b). The gradual 

erosion of the steps started from the west of the basin and then spread to the entire basin. The observations 

highlight small-scale interior processes in an oceanic basin where the interior dynamics is particularly quiescent. It 

has also been shown that these small scales exist in the stratification of the basin even in a region where mid-depth 

vortices are observed, and are also detected within the core of these eddies. Because the vertical scales are smaller 

than mesoscale eddies, they are on the route to dissipation of mesoscale energy. The question of the mechanisms 

of their formation remains open as well as their effectiveness in dissipating energy of eddies (article in preparation). 

 

Another study in this project concerned the possible evaluation of the mesoscale energy transfer toward other 

scales and its dissipation via altimetric data. Because mesoscale turbulence is mainly characterized by horizontal 



scales close to the 1st radius of deformation and is surface-intensified, in correspondence with the 1st baroclinic 

mode (Wunsch 1997 and Smith and Vallis 2001), Zhai et al. (2010) have shown with altimetric data, that geostrophic 

eddies ubiquitously lose their energy on Western Boundary Currents. We are following up Zhai et al. (2010) study, 

by investigating mesoscale eddies energy loss, but using numerical outputs of a regional simulation (dx ~ 2.5 km) 

in the Agulhas Current area. 
To do so, we computed the energy transfer term, corresponding to the vertically-integrated mean eddy-energy 
fluxes divergence, from its initial expression using the 3D numerical fields (Fig. 2a) and from Zhai et al. (2010)’s 
expression using the surface numerical fields (Fig. 2b).  

Both energy terms have different patterns and magnitudes. The 3D term is an order of magnitude higher than the 
surface term. It has a small-scale scattered pattern with an alternation of sign distributed around topographical 
features. In opposition, the surface term has a smooth large scale pattern. 

In first, this result questions the approximations required to express the energy term from the surface fields only, 
and by extension the level of information which can accurately be extracted from altimetric data. In second, the 
surface term shows that the Agulhas Current (25°S - 35°S) is not the dominant geostrophic eddy energy sink. More 
intense sinks are visible along the Agulhas return Current (35°S - 40°S). This also questions Zhai et al. (2010)’s 
conclusions about Western Boundary Currents as geostrophic eddies graveyards. 

Future of the project : 
On the basis of these results, we have two joint perspectives. On one hand, it is necessary to evaluate the 
approximations required by the use of the altimetric data to express the energy transfer term. It would allow to 
determine if altimetry is really the natural tool to study the energy transfers from the mesoscale turbulence toward 
the other energy reservoirs. On the other hand, it is necessary to put back this energy transfer in the context of a 
3D global dynamical model. It would allow to determine whether this term is actually representative of all the sink 
and source terms of the mesoscale turbulence energy. This is the topic of an ongoing PhD. RADII project is also 
followed by a new LEFE-IMAGO project: DIDON. 
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