Derivation of a new viscous shallow water
model with dependence on depth
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Considering the three-dimensional Navier-Stokes equations with free surface boundary
condition in a domain with small depth, we study the derivation, using asymptotic analysis

in the same way as in [1] and [2|, of a new two-dimensional viscous shallow water model:
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where @ = (u,v) is the horizontal velocity, @ = (%, ?) is the depth-averaged horizontal
velocity, h(t,z,y) describes the total length of the water column located at the (z,y) coor-
dinate, z = H represents the description of the topography variations (supposed known),
ps is the pressure at the surface, f‘A are the applied forces (it typically includes the Coriolis
force, the wind at the free surface and the friction at the bottom), g is the gravitational
acceleration, p, the density, v the horizontal kinematic viscosity, and F{/ are known explicit
functions of 77 and ~3.

Expressions (4)-(5) give us the horizontal velocity for all z and not only the depth-
averaged horizontal velocity. There are two major novelties in the new shallow water
model that we have obtained: the new diffusion terms and the dependence on depth of the

velocities.
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