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Secondary Circulation

• Ageotrophic

• Impact on Biological Productivity 

• Various Scales 

• Not Easy to Identify



Can the secondary circulation be 
identified from routine 

oceanography observation
such as CTD? 



Fram Strait and GIN Seas



Bottom Topography of Fram
Strait and GIN Seas



Circulation in Fram Strait and 
GIN Seas  



CTD Measurements on R/V Valdivia 54 3/11-
4/11, 1987 (Quadfasel and Ungewiss)





Potential Density  Excess Along the 
North Lag (~78.2oN) Cross-Section



Potential Density Excess Along the 
South Lag (~76.1-77.3oN) Cross-Section



What is the secondary circulation 
around the density fronts?



Geostrophic Balance



Flow Decomposition

• U = Ug + Uag

• V = Vg + Vag

• (Uag, Vag)  ~ Ageostrophic Velocity



Quasi-Geostrophic 



Pseudo-Vorticity (Xu 1992, JAS) 



C-Vector



C-Vector 
Ageostrophic Vortex Line



C –Vector
Ageostrophic Vortex Line





Turbulent Momentum & Buoyancy 
Fluxes  (Mixed Layer Model)



Cx/f2 Along the North Cross-
Section in Fram Strait



Potential Density  Excess Along the 
North Lag (~78.2oN) Cross-Section



C-Vector for Large-Scale 
Secondary Circulations

(Thermohaline Circulation)



Turbulent Buoyancy Flux 
Neglected



Conveyor Belt



Use of NODC T, S
Data

(Levitus 1994)



Conclusion

• C-Vector - an effective method to 
identify vertical circulation such as 
secondary circulation and thermohaline 
circulation. 
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