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MODEL VALIDATION IN THE ESTIMATION OF
NON-STATIONARY SPATIAL PHENOMENA

HENRIQUE GARCIA PEREIRA, * Prof. IST

ABSTRACT

Experimental results of the application of a cova-
riance (or variogram) model validation method for
non-stationary phenomena are presented for the case
of estimation of S grades in a pyrite deposit.

RESUMO

Apresentam-se os resultados experimentais da aplica-
¢do, a estimagdo do teor em S numa jazida de pirites,
de um método de validacdo de um modelo de cova-
ridncia (ou variograma) para fendmenos ndo-estaciond-
rios.

INTRODUCTION

Many spatial phenomena ocurring in Nature may be
described by means of Random Functions. Characte-
ristic variables of these phenomena (measured in so-
me experimental points) are viewed as the realization
of a Random Function whose covariance must be
inferred to allow the BLUE (best linear unbiased esti-
mation) of the variable in unknown points or surfa-
ces. The inference of that covariance from the expe-
rimental data is not possible from one single realization
of the phenomenon, when a stationarity hypothesis
does not hold.

For a non-stationary phenomenon, the traditional
approach to deal with estimation problems is to split
the variable Z(x) (where x are the coordinates of a
point in one or two dimensions) in two terms:

Z(x) =m(x) + Y(x)

Where m(x) =E [Z(x) ]is the drift, an ordinary func-
tion that accounts for the regional component of the
variable and Y (x) is the flutuation, a stationary ran-
dom functiom with zero mean and stationary cova-
riance that models the variability of the local compo-
nent of the variable.

If the covariance C(h) = E [Y (x +h) Y (x) ] was
known, the problem of estimation of the variable in
an arbitrary point x, could be solved on the grounds
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of the Universal Kriging theory (MATHERON, 1970),
using the system:

ABC(x, —xg) =C(xq —Xo) +uefe(xo) a=1,2,...n

[1]

A fe(xy) = fe (x,) E=@1, . k

Where A® and A8 are the weights to apply to the
values of the the variable in the n experimental points
a in order to built up the estimator 'Z(xo) =N* Z(Xy)ile
are Lagrange parameters and f¢ are monomials, de-
pending on the degree k of the drift (m(x) = a. f¢ (x)).
The Einstein summatidn convention is used in the
sequel.

The kriging variance (minimum variance of 2(){0) -
Z(X,)) is calculated by:

3 :
0 =C(0) +uefe(xo) —A* C(x —Xo) (2]

MODEL VALIDATION

In order to apply system [1], a covariance model
must be found. In Geostatistics (MATHERON, 1970),
instead of covariance, it is worth to use o variogram
function, as many phenomena display an infinite dis-
persion. The variogram 0 (h) is calculated by:

y(h)= VAR[Y (x +h) — Y (x) ]
=E[Y(x+h) — Y (x)]2

and system [ 1] holds if C(_ﬁ) is substituted by — V(_ﬁ).

But the variogram function to which one has experi-
mental acessis pg(h)= VAR[Z (x +h) — Z (x)]
(variogram of the original variable Z(x)) and, except
in some particular cases (PEREIRA, 1983), the va-
riogram of Y(x) can not by calculated from data,
because considerable biases are introduced.

So, an a priori model for the variogram function
must be set, and parameters of the model must be
calculated. In this note, a method of model validation



FIG. 1 — Experimental configuration of S grades (%)

is applied to experimental data of S grades in a pyrite
deposit (CVRM, 1978).

The method consists in the computation of estimators
Z(xy) (using Z(xq) =\ B Z(xg), ¥ B o) in all expe-
rimental points where a value of Z(x ,) exists. Those
estimators are obtained from system [ 1], using the a
priori model for <y (h). The parameters of the model
are choosen in a practical range whose limits are sug-
gested by a preliminary analysis of experimental data
(variograms of Z(x) and of Z(x) — m(x) beeing the
basis of this analysis) and by all available qualitative
information about the spatial development of the

phenomenon.

An utility surface is then built in function of two

statistics:
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The shape of indiference curves in the neighbourhood
of the optimum (given bye = 0,v = 1) depends on the

~ relative “preference” for each kind of error (the first

one,e, accounts for the average under or over estima-
tion of the variable and the second one, v, measures
the goodness of fit of kriging variances calculated
from the model).

The model choosen for further estimation procedures
is the one for which values of statistics e and » are
closest to the optimum, in the utility surface space.

EXPERIMENTAL RESULTS

The above described method was applied to an expe-
rimental configuration of 11 samples of pyrite ore
assayed for S grades in a level of a pyrite deposit
(Fig. 1).

The variogram model tested was p(h) = w h, for win
the range [2,3 Jand for k = 0, 1, 2 (degree of the drift).

In the utility surface shown in Fig. 2 (each indifferen-
ce curve beeing labeled by a code 1,4,6,9 denoting a
growing deviation from the optimum e=0, v = 1), the
experimental points for each pair of the model’s pa-
rameters w , k were plotted in function of e and v. Itis
worth noting that e is constant for each k value (pro-
priety of linear variogram estimation) and values of w
are figures appearing in each straight line e =constant.

FIG. 2 — Plot of experimental points
(w, k) in the utility surface space
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An analysis of Fig. 2 allows the conclusion that va-
lues w=2.6, k =0 lead to a minimum deviation from
the optimum (utility 4).

Accordingly, the variogram model to be used for further
estigation (in the area depicted in Fig. 1) is p(h) =
2.6 h with constant drift (k = 0).
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