
Abstrat

Geostatistial data are measurements taken at �xed loations in a spatial domain. Generally the latter are

spatially ontinuous, as is typially the ase in mining engineering, geology, soil siene, and hydrology.

Geostatistial models are based on the onept of spatial or spatio-temporal proesses and aim to desribe

the underlying dependene struture. Spatial variability is modeled as a funtion of the distane between

sampling sites. Called the `variogram' or `ovariogram', this funtion is used to apply statistial methods

suh as estimation and/or predition, referred to as `kriging' in the geostatistial ontext. To quantify the

spatio-temporal dependene, estimation tehniques relying on ertain hypotheses of stationarity (seldom

met in reality) are applied.

Nonstationarity and ovariane estimation are the underlying topis of the present thesis, whih onsists

of four hapters.

The �rst hapter gives a onise overview of geostatistial de�nitions and notation used throughout the

thesis. Prior to generalizing the onepts to multivariate and spatio-temporal proesses, they are explained

on spatial proesses.

There exist many di�erent forms of nonstationarity. Two of them are disussed in the seond hapter.

First, the ase where the mean of the proess depends on the loation is studied. The identi�ation of

a trend is a nontrivial problem and we emphasize that there exists no trend estimation proedure for

spatial proesses with unknown dependene struture. Exploratory tools for the empirial variogram or

for the observed proess, as well as a ommonly used parametri and nonparametri method for trend

estimation are illustrated. A simple method that evolved out of the onsequenes of visual data analysis is

developed, namely variogram estimation based on `loal trend estimation'. The latter separates the domain

in several subdomains, or pathes, on whih an individual trend is estimated, and the residuals are ombined

throughout the entire domain to allow global estimation and/or inferene. Simulations show that a simple

and almost arbitrary subdivision is already suÆient to improve the results of variogram estimation.

Moreover, the method does not break down when the (heuristi) deomposition does not oinide with

the (true) separation of the populations. Even if the true trend is not linear the method performs better

than other well-known parametri or nonparametri trend estimation tehniques. To underline these

statements the method is applied to real data. A seond form of nonstationarity is the dependene of the

ovariane struture on the loation. Under this irumstane lassial ovariogram estimation tehniques

are not appliable. For example, in atmospheri siene one an easily imagine situations where the spatial

dependene hanges with time or where the maximum magnitude of variability may alter in time. For

suh phenomena new models are needed. Hene the remaining part of the seond hapter disusses a

new method of valid ovariogram onstrution for nonstationary spatio-temporal proesses. These new

ovariogram models are illustrated with simulations and an appliation to a dataset is given.

Several statistial tools are based on the ovariane matrix of the underlying proess. An example of

suh a method is (funtional) prinipal omponents analysis, whih aims to represent a set of possibly
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orrelated variables into unorrelated orthogonal omponents. These unorrelated omponents an be

onstruted suessively, eah one extrating a maximal amount of the remaining variane. This often

leads to an appreiable redution in dimensionality, replaing the original variables by a few omponents.

To alulate the orthogonal omponents the ovariane matrix of a multivariate or spatio-temporal proess

is required. The latter is rarely known and therefore has to be estimated. As mentioned, an important

aspet of geostatistial data is dependene over spae as well as over time. This has to be taken into aount

when estimating the ovariane matrix and the natural estimator of the ovariane matrix is introdued

in the third hapter. It is shown that it is biased under spatio-temporal dependene. This bias is studied

under two di�erent asymptoti models, namely inreasing the number of observations in the domain and

inreasing the domain by inreasing the number of loations. Using the �rst asymptoti model we derive

a fast and aurate bias orretion, whereas the seond asymptoti model serves to quantify the speed

of onvergene of the bias and the ovariane of the omponents of the estimated ovariane matrix. As

shown, under mild hypotheses the asymptoti normality of the estimated ovariane matrix holds and an

be used to test whether the eigenvetors of the estimated and the true ovariane matries are signi�antly

di�erent. This is revealed by examples, emphasizing the need for a bias orretion. Furthermore, the

theoretial results are illustrated with Monte Carlo simulation studies and again with an appliation to

real data.

The most ommonly used deomposition to extrat stationary parts of a proess is based on the

separation into di�erent sales: (deterministi) large-sale variation, smooth small-sale variation, miro-

sale variation and a measurement error. Although suh additive partitioning is of onsiderable utility it

also has several drawbaks, so an alternative analysis based on state-spae deompositions is presented

in the fourth hapter. The spae equation is a proess governed by the state equation and an additional

observational error, where the state at the point is a weighted mean of its neighborhood states desribed

by a kernel funtion plus a spatial proess. The new model takes aount of diverse shapes of trends and

one does not have to deide whether the proess is stationary or not. As other existing deompositions

an be reonstruted by the new representation, it an be seen as a generalization of existing ones. The

deomposition results in a Fredholm integral equation of the seond kind. By imposing separable kernels

this integral equation has an expliit solution, and the model is de�ned by the parametrized ovariogram of

the spatial proess and the parameters de�ning the kernel. In our distribution-free model we will explore

di�erent methods based on minimal distanes and moment equations for the parameter estimation, and, by

generalizing the onept of M -estimators to the dependent setting onsisteny for these new estimators is

proven. The eÆieny of the proposed method is disussed and the results are ompared to other ommonly

used models by means of extensive Monte Carlo simulations and appliations to real datasets. Despite

its omplexity the new model furnishes an eÆient and ompetitive approah throughout the simulations,

whih show that for most parameters this new estimator is more preise than the ordinary least squares

estimator.


