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Annual and zonal mean



Annual mean mid Pacific
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Idealized model

• Barotropic: dynamical variables do not depend on z 

• Thin shell approximation: r~a 

• Zonally symmetric boundary conditions 

• Incompressible flow
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Vorticity component perpendicular to surface:
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Circulation
C = u ⋅dl

l!∫ = Circulation

Kelvin’s theorem: the circulation along a material line is 
conserved

C = u ⋅dl
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Stoke's Theorem
! "#### $####

= ω ⋅dA
A
∫

Locally: D
Dt

ω ⋅dA( ) = 0

In our barotropic model: Dω
Dt

= 0



C = u + 2Ωacos(φ)( )dl!∫
• To conserve circulation, u must decrease in 

the region outside the stirring 
• Hence, to conserve net global momentum, 

u in the stirring region must increase

Vallis


