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Energy Cycle & Mesoscale Eddies
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• Mesoscale eddies are a major player in the energy cycle:  
➡extract energy from the mean flow 
➡ form the bulk of the kinetic energy in the ocean  
➡ transfer of kinetic energy across scales

 Zanna, Bachman, Jansen et al. 2020  
adapted from Salmon, 1998 & Vallis, 2006

• Sources, sinks and transfer of energy across scales are key to maintain the 
circulation & transport in the ocean (e.g., Wunsch & Ferrari 2004; Ferrari & Wunsch 2009)



Symptoms of missing mesoscale eddy energy in GCMs
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APE as EA = 0.5(b0)2/N2 [40], we find more APE in ORCA0083 than ORCA025 and ORCA1 in
the Kuroshio as well as the other regions marked in Figure 2. Hence, even though the surface
buoyancy forcing is the same in the three simulations, there is more APE that may be converted to KE
in ORCA0083.

Figure 2. Time-averaged (1979–2009) kinetic energy at the surface in ORCA1, ORCA025,
and ORCA0083. Overall, the currents are more diffuse at lower resolution. Note that the colour
scale is nonlinear.

(a) (b)
Figure 3. Area-averaged profiles of mean kinetic energy (a) and stratification (b), measured by the
Brunt–Väisälä frequency, N2, in the Kuroshio region for ORCA1 (blue), ORCA025 (red), and ORCA0083
(green). Dashed lines show values in November and solid lines show March. Separation, zsep, between
the “upper” and “bottom” ocean is indicated by the dashed line. Note that the horizontal axis in the
right plot is broken to show two different scales.
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Figure 6. Spectral flux for nonlinear interactions, PN , and pressure gradient, PP, (Equation (1)) for
ORCA1 (blue), ORCA025 (red), and ORCA0083 (green). In the left figure, advection, PN, is solid, and
pressure gradient, PP, is dashed. In the right figure, wind forcing, PW, is solid, viscosity, PV, is dotted,
and bottom friction. Note the different vertical scale for the East Pacific region. Note also that spectral
fluxes have units [m · s�3] since they are the integrals of spectral transfers, which have units of kinetic
energy (KE) tendency, [m2 · s�3].
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‣ Lack of kinetic energy at all scales

Kjellsson & Zanna, 2017
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Figure 3. Area-averaged profiles of mean kinetic energy (a) and stratification (b), measured by the
Brunt–Väisälä frequency, N2, in the Kuroshio region for ORCA1 (blue), ORCA025 (red), and ORCA0083
(green). Dashed lines show values in November and solid lines show March. Separation, zsep, between
the “upper” and “bottom” ocean is indicated by the dashed line. Note that the horizontal axis in the
right plot is broken to show two different scales.
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= biases in horizontal & vertical transport in lower resolution GCMs
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robust resolution-, scale- & flow-aware implementation
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