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Isopycnal Coordinates
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Now do averaging to produce equations
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Note that the momentum equation is for 
the mean velocity u; not total velocity U. 



Conclusions
• PV mixing gives a non-unique momentum 

eqn because of unknown gradient term. 
• In general, this term cannot be chosen to 

give a conserved mean kinetic energy. 
• If the PV Redi coefficient is chosen to be 

the same as the GM coeff, then this also 
becomes the horizontal viscosity coeff.

• The viscosity terms do not satisfy two of 
the usual properties of viscosity closure.    
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Results using MPAS in a re-entrant channel 
2000km x 2000km forced by wind jet 0.1Nm-2



Impact of different PV closures on zonal-mean PV

Zonal-Mean PV (1/ms)
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Simulations
REF: reference solution
STGM: standard GM implementation
PVBL: PV transported by Bolus
GMPV: PV treated like a GM tracer
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Simulations
REF: reference solution
STGM: standard GM implementation
PVBL: PV transported by Bolus
GMPV: PV treated like a GM tracer
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Impact of different PV closures on zonal-mean flow

Zonal Velocity (m/s)
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