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The vorticity budget

A vorticity budget emerges from the depth-integrated vorticity 
equation:
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The vorticity budget

A term in this vorticity equation describes the rotational effect of a 
depth-integrated acceleration
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The same calculation method can be applied to discrete accelerations 
in ocean models
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The vorticity budget

A term in this vorticity equation describes the rotational effect of a 
depth-integrated acceleration
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The same calculation method can be applied to discrete accelerations 
in ocean models
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The vorticity budget

This is one of many ways to formulate a vorticity budget:

All four are physically distinct budgets with different contributions
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The vorticity budget

This is one of many ways to formulate a vorticity budget:

All four are physically distinct budgets with different contributions
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Model details

The vorticity budget of the Weddell Gyre 
was calculated in NEMO.

Grid point values of vorticity diagnostics 
are noisy when you have:

• Realistic forcing

• Realistic geometry

Terms in the vorticity budget are 
integrated over a large area

Smoothed bottom pressure torque diagnostic
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Model details

Area selection alters the interpretation of 
the vorticity budget (Jackson et al. 2006).

Terms in the vorticity budget were 
integrated over the areas enclosed by 
many streamlines

Circulation 
direction
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Results – Vorticity budget
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Results – Vorticity budget
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Results – Vorticity budget
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Results – Vorticity budget

Gyre circulation

Wind stress curl 
spins the 
Weddell Gyre up

Bottom pressure 
torque spins the 
Weddell Gyre 
down

Coriolis term is the 
dominant opposing 
force?
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A consequence of the 
divergence theorem. 
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Results – Decomposition

The analytic Coriolis term will vanish 
when contour integrated 

The discrete Coriolis term contains 
spurious contributions that do not 
vanish
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Results – Decomposition

Cell thicknesses
Contributions from horizontal 
variations in cell thicknesses

Model level steps
From steps in the model bathymetry
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Results – Decomposition

Both of these contributions are topographic
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Conclusions

• The depth-integrated vorticity budget identifies forces that spin gyres up 
and down

• Spurious topographic forces can emerge from the discrete Coriolis 
acceleration

• The identified forces emerge when using a C-grid with 𝒛-coordinates

• An alternative horizontal or vertical discretization (e.g. B-grid, terrain-
following coordinates) will alleviate the spurious topographic forces

The vorticity budget Method Results Conclusions



Follow me on Twitter!  

@AndrewFStyles

Thank you for listening

afstyles/VorticityContourAnalysisForNemo
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Figure 2

A toy model demonstrating how model levels 
influence the discrete Coriolis acceleration. A 
horizontal plan is shown for the upper and lower 
level as well as a view of the depth-integrated 
fields divided by the cell thickness Δz. Single 
arrows represent prescribed velocities; double 
arrows represent calculated Coriolis accelerations; 
and shaded cells represent bottom topography. 
Accelerations on the lower level are masked to 
prevent the velocity field from evolving into a flow 
that would violate the no penetration boundary 
condition. The central F point is marked by a cross 
and is where the depth-integrated vorticity is 
generated.










