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ABSTRACT:

Multivariate spatial fields arise in many applications, including environmental monitoring, geology, finance, and medical im-
aging. One common approach to modeling multivariate spatial fields is to assume a multivariate Gaussian process, which is
characterized by a mean vector and a covariance matrix. The covariance matrix of a multivariate spatial field contains the
pairwise covariances between all pairs of variables at all pairs of spatial locations. To represent a valid covariance structure
of a random vector, a valid covariance matrix must satisfy certain properties.

We introduce parametric families of covariance functions that offer flexibility, computational efficiency, and interpretability,
including Matern, power exponential, and Cauchy. While we published results on the multivariate Matern in 2006, the valid
representations for the other two families have remained an open problem for over 15 years. In this talk, we focus on the
Cauchy family, which enables the simultaneous modeling of long-range and short-range dependence.

We introduce a valid parametric family of cross-covariance functions for multivariate spatial random fields, where each com-
ponent has a covariance function from the Cauchy family. We present conditions on the parameter space that result in valid
models with varying degrees of complexity, and discuss practical implementations, including parameterizations to reflect
these conditions. We demonstrate the performance of our approach in terms of estimation and co-cokriging through various
Monte Carlo simulation experiments. Finally, we illustrate the application of the proposed multivariate Cauchy model on a
dataset from the field of Satellite Oceanography.
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