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Abstract

We present an approximation framework for forecasting spatiotemporal dynamics
in geophysical and chaotic systems by representing evolving physical fields as trajec-
tories in Wasserstein space. Point cloud snapshots—derived from satellite imagery,
radar, or numerical simulations—are embedded into a Hilbert space via linearized
optimal transport (LOT), yielding a geometric representation where temporal evo-
lution becomes a curve in L2. This representation enables direct application of echo
state networks for learning and extrapolating the embedded dynamics, operating
on transport maps rather than raw trajectories. We evaluate the framework on the
Lorenz attractor as a benchmark for chaotic dynamics, comparing three forecasting
strategies: raw particle trajectories, LOT-embedded positions, and LOT-embedded
velocities. Velocity-based forecasting shows improved accuracy over position-based,
and both methods show improvement over raw forecasting. We further apply the
method to geophysical datasets: NEXRAD radar observations of severe convec-
tive storms, GOES-16 geostationary satellite cloud fields, and NOAA sea surface
temperature anomalies. We examine how reference measure selection, temporal
sampling rate, and spatial resolution affect approximation quality, and discuss the
settings where LOT-based methods offer advantages over direct particle tracking.
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