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TL:DR Motivation & Core Idea PODiff Framework: Conditional Diffusion in POD Space POD Modes Capture Multi-Scale Ocean Variability
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variance-ordered, orthogonal,
interpretable latent space
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3 Pixel-space diffusion is accurate but often slow
and memory-intensive.
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Efficient & scalable: much
lower compute and memory
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Key idea: denoise only the dominant POD coefficients,
then reconstruct the full field.

After T iterations, we get i, § Zef 01—? it;f: J 70%+ of total variance captured by the first POD mode alone!
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spatially structured uncertainty at a fraction of the computational cost. systems
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