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182 FOUNDATION ENGINEERING

points below the cut-off increases. This charactaristic of tha
estimator function ¢*(A.z.) is the ssme as that of the indicator
variables, :x.nn. noted previously. However, since o.;.nnv is
to be used as a cumilative probability function, the following order
relationships must also be satisfied: ¢ *(A,-~ % ) = O and
¢ *(A,+00) = 1; 0 SP*(A,2 ) $ 1 for all regions of A and for all
cut-off values z_; and ¢¥(A,z_) is incressing, i.e. ¢*(A,z.) <
¢ *(A,z' ) iIf z MN. 5 i .
The ofder dumna»ﬂ.m_:»ml above are not satisfied if either of the
following conditions occurs: (a) 0.-?«0; estimated by the method
of indicator kriging is decreasing, i.e., Oo;.nov > so;.n.n." or
(b) e.;.unv has values less than O or grester than 1. In short, if
an estimated distribution has “order relation problems," it is not a
valid distribution function. When an order relation problem occurs,
a simple method of resolving it is to ast Qu;.uov equal to

)
¢ *(A.z nv.
INDICATOR VARIOGRAM

A natural way to compare the valuss of a soil parameter Z(x) at
two points in space is to consider the difference in the values.
For a set of pairs of sample points a certain separation distance
apart, the absolute average of the difference in values of the soil
parameter can easily be obtained. For mathematical reasons, the
squared distances are usually considered inatead, and the
dissimilarity function is chosen as:

2Y(h) = Ave [2(x) - Z(x+h)}? (10)

The term 2 7Y(h) is known as the “variogram". Being a function of
the distance vector, it expresses how the value of a parameter
varies with distance in a given direction. If the data for the
parameter exhibits directional anisotropy, then the ¥(h) function
will also depend on direction as well as separation distance and
should be written as 9(h, @ ). The variogram can also be interpreted
as the elementary estimation variance of a variable Z(x) by another
variable Z(x+h) at a distance h units from x. As such it is
expressed as:

E([Z(x+h) - Z(x))?) = 29 (h) (11)

The varjogram can be estimated by:

1
2% () = — ) [2(x) - Zlxysh)1? (12)
N(h)

where [(x., x.+h);....; ( ,%, . +h)] are N(h) pairs of samples
mbmﬁqmnaarg m—:n distance ghnﬁw: Because of the factor two, ¥ (h)
is called the ‘'semi'-varjogram, and Y*(h) is called the
experimental “semi“-variogram. This function bears the same

relationship to y as a histogram does to a probability distribution
(Clark, 1979).
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ﬂgﬁﬁsuoéugsgnogﬂgaﬁl
difference between the values of a parameter at locations a distance
h units spart. The eesiest way to display theee differences is in
the form of a graph, with the valus of the variogram as the ordinate
and the distance between pairs of samples as the abscissa. A
typical plot is shown in Pigure 1 for the so-called "Spherical Model
Variogram". When h = 0, two samples are at emctly the same location
ﬂ&ﬁl&nmoggdgdlgéﬁoo»nignoﬁg
interest is expected theoretically to be zero. If the distance
between the two samples increases a little, then some difference in

_ the value of the parmmster is expected. Therefore, the sample

variogram takes a small positive value. As the sanpl ints move
farther apart, the differences in the values of 905“.“.!»3& can
be expected to rise. In the ideal case, when the distance becomes
very large, ngésohclgnonggnagb
another. The varjogram value then bsccmes nearly constant since it

7(h)

h

Figure 1. spherical Model Variogram.

represents the difference between sets of independent sanples.

shape of the variogram gives an indication of the spatial Duﬂﬂ&.—““
of the soil parameter being investigated. If, for all values: of
separation distance greater than zero, Y(h) is found to be a
canstant, say no. then the varjogram indicates that the observations:
are spatially independent. If, on the other hand, the value of 7 (h)
approaches Co gradually or in some consistent merner as the value
of the lag inCreases, then the cbservations are spatially dependent.
The distance at which samples become independent of one another is
called the "range of influence" of a sample and is usually denoted
by the symbol “a". The value of ¥ (h) at which the graph levels off
is usually denoted by the symbol "C" and is called the "8111" of the
variogram. In geostatistical analyses it is often found that Y (h)
does not tend toward zero when h approaches zero. This means that
the variability between two values, Z(x) and Z{x+h), taken at two
close points may be significant and may increase as the size of the
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