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Though the underlying fields associated with vector-valued environmental data are continuous,
observations themselves are discrete. For example, climate models typically output grid-based
representations of wind fields or ocean currents, and these are often downscaled to a discrete set
of points. By treating the area of interest as a two-dimensional manifold that can be represented
as a triangular mesh and embedded in Euclidean space, this work shows that discrete intrinsic
Gaussian processes for vector-valued data can be developed from discrete differential operators
defined with respect to the mesh. These Gaussian processes account for the geometry and
curvature of the manifold whilst also providing a flexible and practical formulation that can be
readily applied to any two-dimensional mesh. These models can capture harmonic flows,
incorporate boundary conditions, and model non-stationary data and can be applied to
downscaling stationary and non-stationary gridded wind data on the globe, and to inference of
ocean currents from sparse observations in bounded domains.
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