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ABSTRACT: Regionalized variables which do not obey stationary hypothesis exhibit drift in calculation of experimental variogram.
No model variogram which is mandatory for structural analysis can be fitted and generalized covariances are to be identified to
select model parameters. This limitation of conventional geostatistical technique has been resolved by advanced geostatistical non-
stationary modelling approach. This technique has been applied to draw structural inferences on the Top of lithofacies in the area
of study with  the integration of optimal polynomial drift and best combination of structure for the constitution of generalized
covariances. These functions were cross validated to cross check the model and data informations. The selected generalized
functions were used in the modelling process. The purpose of this paper is to present a methodology of identification and
application of non-stationary geostatistical technique as a useful tool for precise modelling of subsurface.
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INTRODUCTION

Basic geostatistical tools widely used in mining and
petroleum industry are based on the “intrinsic hypothesis of
stationarity” developed by Professor Matheron, the creator
of Geostatistics. It is applicable for the variable which behave
uniformly throughout the whole area in consideration and
experimental variograms derived with the data are bounded in
nature. It is not always expected, especially in the mapping of
geologically complex area where a high order of drift is
observed in experimental variogram. The variogram with drift
can not be modelled with a known variogram and hence
accurate mapping is not possible with conventional
geostatistical technique.

Non-stationary modelling technique is applied in two
stages: drift estimation and structure identification. In this
case experimental variograms are calculated with  generalized
covariances constituting the trend of the data. The drift
associated with this polynomial functions of generalized
covariances are ranked on the basis of ascending order of
mean of error and variance of error and the drift function with
minimum error is selected for modelling process. Introducing
this drift a number of models were processed and ranked on
the basis of scores of variance of error for the identification of
generalized covariance composed of the model.

Non-stationary modelling has been carried out for
the landfill data containing 90 wells to map the Top of lithounit,

integrating optimal polynomial drift and best combination of
basic structures for the constitution of generalized covariances
functions. These functions were cross validated to check the
model and data informations. The selected generalized
covariances were applied in the process of punctual kriging
to estimate the Top of lithounit. The structure map derived
with advanced geostatistical non-stationary modelling
technique has very clearly brought the structural trend in the
area of study.

THEORY AND METHOD

The stationary and intrinsic variables show bounded
variograms. i.e.

Lim   γ (h)
          ——  = 0 where  g(h) = variogram function and h = offset
h→ ∞  h2

In  case variogram rises more rapidly than a quadratic
function for large h, the variable is non-stationary.

DETECTING NON – STATIONARITY

An ever increasing variance is characteristics of non-
stationarity. This can be observed in the experimental
variograms calculated in different directions. The variogram
showing drift can be given by expression:

γ(h) = γ
1
(h ) + 1/2 α2    illustrated in  Figure 1 where α = drift function
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where experimental variogram γ
1
(h ) is associated with

a stationary random function and 1/2 α2 can be defined by non
stationary expectation. This drift function is expressed by its
expansion in terms of basic functions  f

x
l. Hence the drift

functions

½ α2   =  Σ a
l 
f

x
l  = A

l
 f

x
l   is random called residuals

The drift functions associated with the data are
estimated by reformulating Universal kriging systems
optimally. It obeys tensorial invariance in which the optimal
estimator of the drift remains unchanged when an invertible
linear transformation is applied to the drift function. The
universal Kriging system with intrinsic underlying model (UKI)
for the drift estimation  is given by

 -Σ λβ γαβ 
+ Σ µ

l
 f

a
l  = 0   ∀ α   

where Σλ = 0 for authorized linear
combination, λ being the weight of data
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l ), µ  is Lagrange parameters introduced for the

optimal solution.

NON-STATIONARY MODELLING

Non-stationary modelling technique which
encompasses the drift in the calculation of model variograms
for  fitting a generalised covariances of order K are applied,
where K represents the degree of the polynomial drift suited
to represent the global behaviour of the variable. This
technique provides structural inference on the theoretical basis
of Intrinsic Random Function of order K in the following steps:

! Determination of optimal polynomial drift, i.e., Drift
Identification

! Determination of best combination of basic structures
for the constitution of the resulting generalized
covariances, i.e., Structure Identification

! Cross validation

The neighbourhood “Unique” is defined during the
structural inference because of the small quantity of the samples
confined to a limited areal extent. All of them could be
considered for any target. In case of large basin moving
neighbourhood are taken for modelling of reservoir facies.

EXAMPLE

This study has been carried out on the basis of
lithological informations investigated in 90 wells (Figure 2).
The stratigraphic position and compositional differences of
different lithofacies controlled by the high erosional rates are
one of the factors responsible for non-stationarity. The
draining axial fluvial system passing from southwest to
northeast is instrumental in the dispersal of finer sediments
along the distal part of the basin as shown in palaeogeography
map (Figure 3). The Top of lithofacies which exhibits non-
stationarity has been mapped with  advanced geostatistical
modelling technique.

The active samples of the data alongwith proportional
symbols have been shown in the Basemap (Figure 4) for
geostatistical analysis.

The histogram (Figure 5) shows data to be
lognormally distributed. The histogram was also linked to the
graphics of the basemap to analyse the distribution of samples.

Variogram maps corresponding to Top (Figure 6) of
the lithounit exhibit anisotropy of 25 degrees aligned along
Southwest-Northeast direction. Applying this anisotropy
correction experimental variograms (Figure 7) were plotted in
four regular directions on the Top  of lithounit. A high degree
of drift have been observed in experimental variogram D2 for

Figure 1: Variogram with drift

Figure 2: Location map
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the marker Top. The variogram reaches the dispersion variance
and keeps on rising with a parabolic behaviour which clearly
indicated that variables are not stationary.

DRIFT IDENTIFICATION

A number of drift functions (Table-I) were tried  to fit
the drift of the data in the modelling process. The output were
ranked on the basis of mean of error and variance of error , the
drift 1xy x2 xy y2 has been selected.
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Figure 3: Palaeogeography of study area

Figure 4: Basemap with proportional symbols

Figure 5: Histogram map

Figure 6: Variogram map showing anisotropy

Figure 7: Experimental variogram showing non-stationarity

Table-I: Statistics of drift identification

Trial Mean rank Mean of Variance of Drift trial
 error  error

4 0.97 -0.01269 25.462 1 x y x2 xy y2

3 1.60 -0.02236 35.406 1 x y
2 1.60 -0.01484 87.794 1 y y2

1 1.80 -0.06962 99.971 1 y
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STRUCTURE IDENTIFICATION

A number of models, viz., Spherical, Order-1
Generalized Covariances (G.C.), Spline G.C., Order 3 G.C.,
Nugget effect, Gaussian, Exponential, Power (Exp.2), etc., with
anisotropy 25 degrees, range 120, 40 were tried and ranked for

Table-II : Generalized covariance identification

Rank score spherical Order-3G.C. Nugget effect Gaussian Exponential

1 1.04 0 0 0 0 18.24
2 1.05 0 0.0032 0 0 17.93
3 1.08 0 0 19.615 0 0
4 1.09 0 0.0047 19.031 0 0
5 1.10 19.57 0 0 0 0
6 1.11 19.23 0.0033 0 0 0

Table-III: Cross Validation  (Structure: Exponential-Sill-18,
Ranges-120,40)

Parameters Mean Variance
Error -0.06295 21.8502
Standard error -0.00897   1.0573

Figure 8: Cross Validation

Figure 9: Depth map on the Top of Lithounit

CROSS VALIDATION

The generalized covariance functions of the
exponential model (Sill-18) was cross validated in the unique
neighborhood. The model parameters ranges (D1-150, 140,
130,……., 70, 60 ; D2-30, 40, 50, 60, 70, 80, etc.; Sill-10, 12, 18,
25, etc.were changed  with all possible combinations to bring
variance of error between estimated and true value  least (Figure
8), standard error mean and variance  close to 0 and 1
respectively (Table-III). Using these optimized generalized
covariances of exponential  structure ( Sill-18, Range1- 120
and Range2- 40) punctual kriging was run to estimate the Top
of  lithounit (Figure 9). The result follows geological trend of
draining  axial system of the basin as shown in figure3.

CONCLUSION

• Non–stationary geostatistical modelling has very clearly
brought out the structural picture on the Top of Lithounit.

• It is not advisable to apply conventional geostatistical
techniques in a data showing drift in experimental
variogram. It will destroy the actual geological trend and
output will be drastically affected.
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