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Important approximations to the equation of motion 
 

1. Boussinesq approximation (buoyancy-driven at all scales in ocean and atmospheric boundary layer) 
2. Hydrostatic approximation (flows with much larger horizontal scale than vertical scale) 

a. pressure coordinate formulation of the fluid equations 
b. primitive equations for hydrostatic rotating equation on sphere 

3. Geostrophic balance at large scales in ocean and atmosphere 
 

These are derived by scale analysis of the basic fluid equations.  For 1 and 2, we will use nonrotating 
forms of the equations for simplicity; including the Coriolis terms would affect a few details.  
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Proof of (2) (Boussinesq simplification of momentum equation) 
 
We divide the density and pressure into hydrostatic reference profiles which depend only on height, plus 
much smaller perturbations that depend on space and time: 
 

p = p0 (z)+ ′p (x, y, z, t)
ρ = ρ0 (z)+ ′ρ (x, y, z, t)

 

 
Then the pressure gradient and gravity terms on the RHS of the momentum equation can be written: 
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We assume that ′ρ << ρ0 (z) ≈ ρ00 .  Then, working on the individual terms, 
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 Putting these approximations together,  
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