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Aghulas Retroflection 

 How are eddy effects to be parameterized in 1o model? 





 

 

DENSITY 

DEPTH 

Ocean Observations suggest mixing along isopycnals 

is ~107 times larger than across isopycnals. 

Horizontal mixing causes spurious diapycnal mixing. 

McDougall and Church,   JPO  (1986) 
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Diffusion along isopycnal surfaces was implemented 

in MOM at GFDL (with small slope approximation)  

However, in long climate runs the model would fail, 

often near the ACC, and horizontal diffusion with a 

small coefficient was used to make the model stable.  

Isopycnal Diffusion 



The GM Parameterization 
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 The form of eddy velocity was chosen 

because it mimics baroclinic instability and 

ensures a global sink of potential energy.  
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Deep Water Formation  3˚ 3˚ 

Horizontal Mixing GM 1990 

Danabasoglu et al. 1993 



CSM 1 was the first climate model to produce a 

non-drifting control run without “flux corrections” 



             Conclusions 

• With GM, ocean models were stable for 
very long integration times.  

• Big improvements in solutions, especially 
the MOC, ACC, and deep water formation.  

• The CSM1 with GM was the first climate 
model to run without flux correction and 
maintain a reasonable present day climate.  

• Other climate models with GM ran without, 
or with much smaller, flux corrections.  

 



Limerick 2000 

There  

There once was an ocean model called MOM, 

Which occasionally used to bomb, 

But eddy advection, and much less convection, 

Turned it into a stable NCOM. 



Limerick 2004 

There  

There once was an ocean model called POP, 

Which occasionally used to flop, 

But eddy advection, and much less convection, 

Turned it into the cream of the crop. 


