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The advent of the big data era creates new opportunities for environmental and ecological modelling but also
presents significant challenges. The availability of remote sensing images and low-cost wireless sensor networks
implies that spatiotemporal environmental data to cover larger spatial domains at higher spatial and temporal
resolution for longer time windows. Handling such voluminous data presents several technical and scientific
challenges. In particular, the geostatistical methods used to process spatiotemporal data need to overcome the
dimensionality curse associated with the need to store and invert large covariance matrices. There are various
mathematical approaches for addressing the dimensionality problem, including change of basis, dimensionality
reduction, hierarchical schemes, and local approximations.

We present a Stochastic Local Interaction (SLI) model that can be used to model local correlations in spa-
tial data. SLI is a random field model suitable for data on discrete supports (i.e. regular lattices or irregular
sampling grids). The degree of localization is determined by means of kernel functions and appropriate band-
widths. The strength of the correlations is determined by means of coefficients. In the “plain vanilla” version
the parameter set involves scale and rigidity coefficients as well as a characteristic length. The latter determines
in connection with the rigidity coefficient the correlation length of the random field. The SLI model is based
on statistical field theory and extends previous research on Spartan spatial random fields [2,3] from continuum
spaces to explicitly discrete supports. The SLI kernel functions employ adaptive bandwidths learned from the
sampling spatial distribution [1]. The SLI precision matrix is expressed explicitly in terms of the model parameter
and the kernel function. Hence, covariance matrix inversion is not necessary for parameter inference that is
based on leave-one-out cross validation. This property helps to overcome a significant computational bottleneck
of geostatistical models due to the poor scaling of the matrix inversion [4,5]. We present applications to real
and simulated data sets, including the Walker lake data, and we investigate the SLI performance using various
statistical cross validation measures.
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