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ABSTRACT 

The 3-dimensional, non-linear, baroclinic, GHER mathematical model for the study of meso­
scale motions (time scale of several hours to several days: tides, storm surges, ... ) is described. 
Particular attention is paid to the turbulent closure based on an evolution equation for the tur­
bulent kinetic energy and a parametric expression of the mixing length (k-model). Appropriate 
boundary conditions and numerical techniques (mode-splitting, implicity, a-coordinate system, 
advection scheme) are described. The model is applied to the simulation of the Mi tide on the 
North-Western European Continental Shelf not only without wind but also in typical winter and 
summer conditions. Large spatial variations of the turbulent kinetic energy appear as a result of 
the variations of depth and tidal activity around the shelf. These variations are clearly related 
to the different turbulence regimes observed in summer, with frontal structures separating 
well-mixed waters from stratified ones. The structure and evolution of the vertical profiles of 
turbulence variables are described and explained in barotropic and baroclinic conditions, under 
different wind forcings. The evolution of these profiles at the Mi tide frequency largely depends 
on the eccentricity of the tidal ellipse. 

1. Introduction 

The North-Western European Continental 
Shelf (NWECS) is composed of the shallow seas 
surrounding the British Isles. For the purpose of 
this study, it is further bounded by the 200 m 
isobath to the West, by the 48°N and 61°N 
parallels and it includes the Skagerrak and the 
Kattegat. The efforts to grasp marine processes in 
this area are numerous. Many works have been 
devoted to the study of the propagation of the M 2 

tide, which originates from the Atlantic and is the 
dominant tidal component on the shelf. For such 
investigations, simple barotropic depth-integrated 
models were used, invoking the great mixing 
produced by the highly energetic tides and storm 
surges (e.g., Flather, 1976; Ronday, 1976; Heaps, 
1983 ). Such models turned out to be very effective 
tools for the simulation and forecast of tides and 
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storm surges elevations and depth-mean currents. 
Then, with the decrease of computer resource 
costs, modellers moved to three-dimensional 
barotropic models. These 3D models are likely to 
be more accurate than 2D models because they 
allow the exact computation of the so-called shear­
effect and a much more precise evaluation of the 
bottom stress related to the actual bottom velocity. 
Besides, together with the introduction of the 
vertical coordinate they introduced the need for 
the parameterization of vertical turbulent momen­
tum fluxes and hence the need for a turbulent 
closure. In the first 3D barotropic models, the tur­
bulent closure was rather rudimentary. It simply 
consisted in prescribing the vertical profile of the 
turbulent viscosity according to some laboratory 
results (the asymptotic law of the wall) and 
easiness considerations (e.g., Nihoul, 1982). As a 
next step, the turbulent viscosity was related to the 
ensemble average velocity amplitude through an 
algebraic expression (e.g., Davies and Fumes, 
1980). When the effects of temperature and salinity 
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