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Potential vorticity 

● Large scale currents have a 
strong tendency to follow 
contours of constant ambient 
potential vorticity.

These are the “railway 
tracks” of the ocean.

● Potential vorticity 
dominated by layer thickness 
at high latitudes → flow 
around closed depth 
contours.    



  

Observations from the Nordic Seas Isachsen et al. (2012)
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Observations from the Nordic Seas Johnston et al. 
(accepted)

rms (u’) [cm s ¹]⁻



  

What about in the high Arctic? Rely on modeling

MITgcm, ~3.5 km resolution, TACC

https://youtu.be/wg5wzG6PAmc?t=22
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Can we describe 
Arctic Ocean 
circulation using 
linear dynamics?

What can linear 
estimates teach us 
about the role of 
non-linearities? 
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Comparison with Lofoten Basin observations Johnston et al. 
(accepted)

Observed 
circulation

Linear 
estimates



  

What enhances cyclonic circulation?

On depth contours, the main suspect is flux of vorticity  

Change in 
circulation

Surface 
stress

Bottom 
drag

Flux of 
vorticity

Green’s theorem  



  

Vorticity flux contribution in simulations

ROMS 800 m resolution, Trodahl et al. (2020)
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Vorticity flux contribution in simulations

Lofoten800 circulation
Wind-driven 
Wind-driven + vorticity fluxes 

Change in 
circulation

Surface 
stress

Bottom 
drag

Flux of 
vorticity

ROMS 800 m resolution, Trodahl et al. (2020)



  

The need for high resolution

Arctic4, 4 km resolution Lofoten800, 800 m resolution

Model circulation
Wind-driven 
Wind-driven + vorticity fluxes 



  

Blue Arctic
Li et al. Nature C. (2024)

FESOM2, 1 km resolution



  

Blue Arctic
Li et al. Nature C. (2024)

FESOM2, 1 km resolution
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surface stress. 
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Circulation responds, to a 
large degree, linearly to 
surface stress.

However, vorticity fluxes 
connected to eddy activity 
gives a positive shift. 

Very high resolution is needed 
to properly simulate positive 
shift.

   

Take away
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