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Observa1onal	Mo1va1on	
Meridional	sec1on	in	the	Atlan1c	Ocean	at	
25°W	from	WOCE.	



A	Simple	Predic1ve	Model	for	the	
Structure	of	the	Oceanic	Pycnocline	

Anand	Gnanadesikan	
SCIENCE	Vol	283,	March	1999	



Previous	scaling	theories	of	the	pycnocline	did	not	include	
Southern	Ocean	wind	and	eddies	(e.g.	Bryan	1987;	DeSzoeke	
1995).	
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Boundary	Layer	Theory:	



2.  Southern	Hemisphere.	
•  Northward	Ekman	Transport:	

•  Eddies	contribu1on:	
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3.  Low-la1tude	pycnocline.	
•  Upwelling	balanced	by	downward	diffusive	
flux	of	heat:	
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•  If																			(neglect	SO	effects)	

•  If									and									are	vanishingly	small:	
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A	Theory	of	the	Interhemispheric	
Meridional	Overturning	Circula1on	

and	Associated	Stra1fica1on	
Maxim	Nikurashin	and	Geoffrey	Vallis	

JPO,	Vol	42,	2012	



Leading	order	structure	of	the	MOC	(Lumpkin	
and	Speer	2007).	



Develop	a	theory	for	the	deep	stra1fica1on:	
	
•  Two-cell	interhemispheric	meridional	
overturning	circula1on.	

•  NADW	and	AABW.	
•  Mixing	and	wind-driving	components.	



Idealized	simula1ons	

Modular	Ocean	
Model	(MOM)	
•  2°	x	2°	and	20	
ver1cal	levels.	

•  Single-basin	and	
flat	boeom.	

•  		



Idealized	simula1ons	



1)	Idealized	 2)	1.5	km	tall	ridge	in	SO	channel	

3)	Zero	wind	stress	north	of	30°S	



Theory	

1.  Dynamics	in	the	Circumpolar	channel	
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2.  Dynamics	in	the	Ocean	Basin.	
		
	

	



2.  Dynamics	in	the	Ocean	Basin.	
		
	

	

If		
Ver1cal	velocity	advects	buoyancy	and	must	be	balanced	by	
ver1cal	diffusion.	



3.  Dynamics	in	the	outcrop	region.	
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Control	
experiment	

Enhanced	
dyapicnal	
mixing	

Reduced	SO	
wind	



Ques1ons?	


