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Abstract 
 

Our understanding of the ocean’s spatial scales and their coupling has been derived mostly from 
Fourier analysis in small "representative" regions, typically a few hundred kilometers in size, that 
cannot capture the vast dynamic range at planetary scales. Using coarse-graining, we analyze a 
1/12-degree reanalysis dataset on a range of spatial scales spanning more than three orders of 
magnitude, including both mesoscales and planetary scales. We present a truly global kinetic 
energy wavenumber spectrum, as well as the first measurements of the cascade across this entire 
range of scales. This provides us with the first estimates of the global amount of energy that is 
transferred by the KE cascade, as well as the scale-dependent depth structure of the oceanic KE 
spectrum and cascade. We find that within the mesoscales, the seasonal cycles of KE at larger 
length scales demonstrate a characteristic lag time relative to smaller length scales. The seasonal 
cycle of the inverse energy cascade exhibits the same lag time but is phase-shifted to earlier times, 
which suggests causality. 
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