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Summary

Ocean and atmosphere dynamics span an incredibly wide range of spatial and temporal scales,
with spatial scales ranging from the sub-millimetre viscous scales all the way up to planetary
scales at tens of thousands of kilometres. Because of the strong non-linear nature of oceanic and
atmospheric flows, not only do the behaviour and characteristics change significantly with scale,
but important energetic interactions exist between different scales. As a result, an important
step in understanding and predicting the behaviour of such complex flow systems is being able
to disentangle the complex interactions across this wide range of scales. Coarse-graining is
a physically-motivated and mathematically-rigorous technique for partitioning spatial flows
as a function of a specified partitioning scale, allowing for a consistent and comprehensive
scale-by-scale analysis.

Statement of need

@Aluie2018 demonstrated how, when applied appropriately, coarse-graining can not only be
applied in a data-processing sense, but also to the governing equations. This provides a
physically meaningful-and mathematically coherent way to quantify not only how much energy
is contained in different length scales, but also how much energy is being transferred to different
scales.

FlowSieve is a heavily-parallelized coarse-graining codebase that provides tools for spatially
filtering both scalar fields and vector fields in Cartesian and spherical geometries. Specifically,
filtering velocity vector fields on a sphere provides a high-powered tool for scale-decomposing
oceanic and atmospheric flows following the mathematical results in @Aluie2019.

FlowSieve is designed to work in high-performance computing (HPC) environments in order to
efficiently analyse large oceanic and atmospheric datasets, and extract scientifically meaningful
diagnostics, including scale-wise energy content and energy transfer.
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