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THE PRIMITIVE EQUATIONS WITH ONLY HORIZONTAL VISCOSITY
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Abstract. The 3D primitive equations are a version of the Navier-Stokes equations used
to describe oceanic and atmospheric flows
Consider the a domain Ω = [0, 1]2 × (−h, h) (h small). The velocity u of the fluid is
described by u = (v, w), where v = (v1, v2) denotes the horizontal components and w
the vertical one, and the surface pressure is p. The primitive equations read

∂tv + v · ∇Hv + w · ∂zv −∆v +∇Hp = 0, in Ω× (0, T ), (1)

∂zp = 0, in Ω× (0, T ), (2)

∂xv1 + ∂yv2 + ∂zw = 0, in Ω× (0, T ), (3)

where ∇H denotes the horizontal gradient, complemented with periodic boundary con-
ditions in the horizontal directions and vz(z = ±h) = 0. Additionaly w(±h) = 0 is
assumed.
In the absence of vertical diffusity the Laplacian is replaced by the horizontal Laplacian
∆H . In (1) Cao, Li and Titi show that global solutions to this problem exist for initial
data in H2(Ω) by performing the 0-limit of the viscosity in the vertical direction in the
full primitive equations. Due to their method they need to keep the boundary conditions
at z = ±h.
In this talk we briefly introduce the primitive equations and their special features. We
show the well-posedness of the linearized equations with only horizontal viscosity, but in
difference to (1) we use a special Galerkin approach. This allows us to obtain a (local)
existence result without any boundary conditions for v at the top and bottom of Ω.
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