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The circulation in the western Mediterranean Sea as viewed 
from in remotely sensed satellite data is complex and highly variable. 
Previous studies of the circulation based on surface and subsurface 
surveys (Allain, 1960; Ovchinnikov, 1966) have presented a rather 
simple and stable picture of the surface circulation of the western 
Mediterranean. 

The primary physical forces exerting an influence on the 
circulation dynamics of the Mediterranean are surface wind stress, 
surface heat and mass flux, mass flux in and out via the Straits of 
Gibraltar and Sicily, and topographic constraints. Vhile there are 
many features of the general surface circulation which appear to be 
directly related to one form of physical forcing or another, there 
many more which can not be easily identified with a particular forcing 
mechanism. 

Numerical model experiments using one- and two-active-layer 
reduced gravity and two-layer finite depth, primitive equations models 
on a ~plane have been conducted to examine the effects due to the 
various forcing mechanisms. Experiments have been conducted using 
each forcing mechanism separately and then in various combinations. 
The nominal inflow transport of Atlantic water for the experiments 
examining the effects of mass influx was set at 1. 6 Sv and the nominal 
inflow transport of lower layer water was set at 1. 2 Sv. The wind 
stress data sets used included a climatological wind data set 
developed by May (1982) and wind data from the Fleet Numerical 
Oceanography Center's regional atmospheric forecast model for the 
Mediterranean region, the Naval Operational Regional Atmospheric 
Prediction System (NORAPS). The heat flux data set used was a 
climatological heat flux data set developed by May (personnel 
communication). 

The model equations are solved using variant of the Hurlburt 
and Thompson (1980) model with two major modifications: 1) the ability 
to handle realistic coastline geometry and 2) the addition of a 
radiation outflow boundary condition patterned after a modification of 
the one presented by Orlanski (1976). The horizontal resolution of 
the model is 0.1° by 0.05°. The upper layer for all model variants 
was set initially at 250m. The second layer depth for the two-active
layer reduced gravity model was initially set at 250m while in the 
finite depth version it was set to the total depth minus the upper 
layer depth. 

The results from the various experiments show that the 
dynamics of the western Mediterranean are extremely complex and that 
attributing observed features to a particular forcing mechanism is 
near to impossible. The effects resulting from the various physical 
forcing mechanism interacting with each other are strongly non-linear. 
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La Mediterram!e occidentale est une mer presque fermee; elle 
se prete par la meme particulierement bien a 1' ~tude c_ie 
processus et a une modelisation numer~que co~plo;te: d une 
part, tous les phenomenes hydrodyn~nll.ques d ocean':' Y sont 
presents ( meandres, fronts, upwell~ng':', ... ·1 et c_i autre. 
part, la taille du domaine permet 1 utJ.lJ.satJ.on d un modele 
3D elabore 

Le modele utilise est developpe a partir des equations de 
conservation primaires. L'approximation de Boussinesq et 
1 'hypothese d · equilibre hydrostatique constituent un: 
premiere simplification. Ensuite! le cl:_loix de la f7netr7 
spectrale a etudier nous oblige a un fJ.ltrage des equatJ.ons 
non-lineaires. Ce faisant, nous introduisons les flux 
turbulents. La modelisation de ces flux turbulents s ·inspire 
de la diffusion moleculaire et demande le calcul d'une 
diffusion turbulente. Du modele ( k,t ) generalement pro
pose, nous pouvons tirer une serie de modeles hierarchiques 
dont 

** un modele qui retient 1' energie cinetique tu:r:bulente 
k cornme variable d'etat, mais qui lie la dissipation 
visqueuse a une longueur de melange empirique, 

** et un modele algebriqU.e local. 

Le modele retenu est celui de la longueur de melange imposee 
a priori mais modifiee par la stratification. 

Les equations necessitent la connaissance de conditions 
limites (non-lineaires) adaptees a la fenetre spectrale 
choisie. Le calcul des flux a l'interface air-mer demande 
done une attention particuliere. 

La resolution numerique des equations passe par un change
ment de variable verticale. Nous proposons une nouvelle 
version du changement de variables a· elabore par Phillips, 
que nous appellerons changement ·de variables ( a·, a~ ) . 
Celui-ci preserve les avantages du changement de varJ.ables 
a tout en tHiminant certains defauts. Le fond de la mer 
devient une ligne du maillage et transforme le domaine en un 
domaine a profondeur constante, alors que le maillage 
vertical pres de la surface est uniforme horizontalement 
dans 1 · espace reel et y permet une resolution accrue sans 
resserrement exagere pres des cotes. 

La methode numerique employee est une methode de volumes 
finis avec un maillage variable sur la verticale de 1' espace 
(a·, a" ). L'iteration temporelle s'opere par la methode du 
mode-splitting pour le mode barotrope et un schema semi-im
plicite sur la verticale pour le calcul 3D. Une 
particulari te du modele est la discretisation des termes 
d' advection qui detecte la presence locale de gradients 
importants et adapte le calcul des flux afin de bien 
representer des fronts. 

Une discussion detaillee du modele et les references peuvent 
etre trouvees dans 
"Modelisation mathematique et numerique de la Mediterranee 
occidentale, 
travail presente en vue de 1' obtention du grade d · Ingenieur 

Civil Mecanicien (Mecanique-Physique), 
annee academique 1987-1988 
par BECKERS J-M., Universite de Liege". 

Equations du modele : 
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Variablesd'etat : u vitesse horizontale 

vitesse verticale 
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temperature 

salinite 

q pression generalisee 

k energie cinetique turbulente 
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