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resolutions
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NOAA GFDL CM2 Suite, animations by E. Yankovsky
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Motivation: parameterization at eddy-permitting 
resolutions
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Globally-averaged drift of potential temperature vs. depth 
for the GFDL CM2 model suite. Griffies et al., Journal of 
Climate (2014).

 

Under-represented eddies lead 
to errors in climate prediction. 

Energy pathways, tracer 
distributions, heat uptake 🡪 all 
hinge upon accurate 
representation of eddies.



Methodology: an idealized resolution 
hierarchy
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Decomposition into quasigeostrophic vertical 
modes

• Eddies facilitate energetic transfers into graver 
vertical modes.

• Inverse cascade happens primarily in gravest 
mode (BT).

• If eddies are unresolved, barotropization and 
inverse cascade aren’t captured. How can we 
mediate this problem?

Left: Diagram from Ferrari and Wunsch (2009)
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We see the same inaccuracies of 
flow vertical structure in global 
models at coarse & eddy-permitting 
resolutions
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Scale-aware eddy parameterization
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Surface eddy kinetic energy over 500 days
1/32 deg. (Truth) 1/2 deg. 1/2 deg., State-of-the-art scheme log(KE)

Jansen et al. (2020) 9

Existing approach does 
not capture subgrid KE 
effects of eddies. 



Surface eddy kinetic energy over 500 days
log(KE)
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1/32 deg. (Truth) 1/2 deg. 1/2 deg., State-of-the-art scheme



Surface eddy kinetic energy over 500 days
1/2 deg., our parameterization 🎉 log(KE)
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1/32 deg. (Truth) 1/2 deg. 1/2 deg., State-of-the-art scheme



Our scheme

12

Prior Approach, Jansen et al. (2020)

Surface vorticity, modal structure
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Isopycnal structure
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Contributions
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Figure 10: Setting the context of prior parameterization developments.
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Can existing parameterizations represent barotropization & eddy energetics?  

•  
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