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•  Vorticity 	

•  Potential Vorticity 	


•  Taylor Proudman Theorem	

•  Sverdrup flow	


•  Western Boundary Current	

	




Wind drives the ocean, but why 
is there a Gulf Stream?	


 Open University, Ocean Circulation, Fig 4.11	


Blue = current, 
White = Winds	




Vorticity	


Vorticity is the rotation of the fluid	




Types of Vorticity	


•  Planetary Vorticity	

•  Relative vorticity	

•  Absolute vorticity = planetary + relative	




Vorticity Equation���
���

To derive: Allow acceleration terms, ���
so not assuming geostrophic	
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Potential Vorticity 	
	


•  “Shallow Water” equations	

–  Barotropic	

–  Allow height to vary	


•  Conservation of PV	
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PV conservation example	




Exchange of relative and planetary 
vorticity with constant depth	




Topographic Steering of 
Barotropic Flow	




Topographic 
Steering	


Stewart 2008	

Gille et al. 2004	




PV from Hydrography: Lab Sea	
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Taylor Proudman	


•  geostrophic	

•  homogeneous	

•  f-plane	
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To derive Sverdrup flow, we relaxed the strict 
geostrophic assumption to allow vertical motion and 
df/dy to balance .. Can also consider this as Taylor 

Proudman on a Sphere	
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Taylor Proudman on a sphere	




Why not decrease ζ to 
accommodate we?	




Ocean is actually stratified	




T-P in layered ocean	




From data	

Sigma = 26.5 	
 	
 	
 	
 	
Sigma = 27.5	




2.5km Float 
observations 

indicate 
primarily 

zonal flow at 
depth	




Why a Western Boundary 
Current (WBC)?	


•  Heuristic Argument – Flow is already 
“going that way”  -- no reason to turn back 
on itself	


•  Vorticity Argument addresses not only why 
we have a WBC, but also the overall 
vorticity budget of the gyre	




Vorticity explanation for Western 
Boundary Currents	



