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In the last decade, geostatistical applications to reservoir modeling have been confronted to new 
challenges such as the increasing size of the reservoir grids, the increasing abundancy of data, the need to 
take non-stationarities into account and the use of new types of grids (non-structured, adaptative meshes). 
Even if computing power is constantly increasing, the computation times remain often prohibitive to 
produce large series of realizations. While prediction should be achieved using all data at the same time 
(unique neighbourhood), this is precluded due to the size of the covariance matrix, which becomes 
intractable and requires to work with an approximation (local neighbourhoods). In addition, when 
confronted to non-stationarities of the covariance such as varying anisotropies, the use of such local 
neighbourhoods results in mathematical incoherencies. 

This situation has brought the traditional covariance-based geostatistical framework to its limits. Instead of 
continuing to imagine tricks to overcome those problems, some authors recently proposed to rather take a 
paradigm shift.  

Starting from the fact that the stationary random fields with Matérn covariance function are solution of a given 
class of Stochastic Partial Differential Equations (SPDE) (Whittle, 1963), Lindgren et al. (2011) use the 
discretization of the solution obtained by finite elements of finite differences on a predefined meshing. By this 
way, the continuous random field is approximated by a discrete Gaussian Markov Random Field (GMRF) 
(Rue and Held, 2005) whose precision matrix (inverse of the covariance matrix) at all the nodes of the 
meshing is directly computed from the parameters of the SPDE. This precision matrix contains a large 
proportion of zeros, allowing to use sparse linear algebra to perform kriging and simulations. The use of this 

approach has been demonstrated to be significantly faster than covariance-based methods (Simpson et 
al., 2012). In addition, they can be applied to any type of gridding system (regular, irregular, adaptative), 
they can accommodate large data sets and produce results on very large grids (millions of nodes) within 
acceptable computation times. Finally, they produce intrinsically coherent results in non-stationary 
conditions. 

In this presentation, we will expose the SPDE approach and show its links with the traditional geostatistical 
approach. Relying on the RGeostats package, SPDE will then be illustrated on several case studies 
including large data sets and non-stationarities. Benchmarks will allow a comparison between traditional 
and SPDE based geostatistics. 
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