
LAGRANGIAN VALIDATION OF SUBMESOSCALE FEATURES

EDDY TRACKED ALONG THE LIBYO-EGYPTIAN COAST

EDDY CHARACTERIZATION

This EKE map derived from satellite altimetry shows an intense eddy activity on the central part of 
the basin. These mesoscale structures have a major influence (i) at larger scale on the general 
circulation features, (ii) at smaller scale on exchanges with the coastal area.
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We focus on a single eddy which surface signature has been sampled by 3 
surface drifters deployed in the framework of the project EGYPT. Their 

trajectories are plotted low-pass filtered. 

This coastal eddy would not be accurately described by only velocities derived from altimetry, mainly 
because errors on the interpolated fields from along track SSH are significant. In combination with drifter 
trajectories, the reconstruction of the surface flow impacts on

• its resolution: satellite synoptic information are now refined on drifter coverage;  

• its amplitude: the dynamical description by geostrophy is now extended to Ekman drift, cyclostrophic and 
submesoscale effects;

• its accuracy: location and extension of eddies, intrinsically dependent on satellite tracks and presence of 
coastlines, are now designed in a coastal area.

error on the zonal component (30% of signal variance) error on the meridional component (40% of signal variance)

The general design of an eddy can be depicted in a vorticity-dominated region (the 
core) surrounded by a strain-dominated region (the circulation cell). In the steady 
case, the interface in between defines an exchange barrier so that inner particles 
remain inside. In unsteady cases, inner particles can be ejected by filamentation. 

This interface is used to define a center and a radius for the eddy core. 

The mean radius of the eddy core (in red line) can be evaluated to 24 km. The evolutio
of each drifter inside the structure can be depicted by its distance to the center (in blu
line). On this signal, low frequency oscillations (15 day period) would sign a precessio
motion due to slight ellipticity. 

The residence time inside the core can be measured for each drifter, respectively equa
to 110, 80 and 75 days. It provides a first guess for timescales in which the eddy is no
sensitive to surrounding influence (coastal current or offshore circulation) I

The eddy pathway, designed by the center, has been crossed with a mean speed 
of 3.3 (± 0.5) cm/s. The main direction is westward along the coast, with an 
episode when the eddy sails off northward then returns.

Theoretical studies and laboratory experiments have been lead to understand the 
dynamical processes responsible to such rapid westward drift. The β-effect 
underestimates its drift speed, as well as a “mirror effect” with the coastline. 
Augmented by a topographical effect which generates a deep anticyclone shifted
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score from background field score from reconstructed field
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score difference (reconstruction minus background)

background fields on thermal image (July 27, 2006) reconstructed fields on thermal image (July 27, 2006)

Validation of the reconstruction is performed considering independent observation of sea surface temperature. Local corrections on the eddy structure can be identified by a direct 
comparison between the two velocity snapshots: the loop along the coast is closed and the center relocated in agreement with thermal signature.
Moreover, reconstruction allows to capture sub-mesoscale features from Lagrangian analysis. When time variability of the surface flow is addressed in this representation of 
unstable manifolds (computed by FSLE), the so-shaped transport barriers appear to be collocated to fronts of the thermal tracer. 
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