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ABSTRACT: Interpolation parameters for mulq uadric interpolation are
investigated in this paper. Both the numb er of neighbor data and the shape
parameter C have a strong influence on interpolation resuIts. ActuaIIy, for
muItiquadric interpolation of categoricaI data we have to use smaIl number of
neighbor data and a tiny shape parameter as weIl.
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1. Introduction

Catego ricaI data represent an important source of geologicaI information . It is
commonly used for interpolation of geologicaI mode Is. CategoricaI variables
cannot be handled directly by numericaI methods, but only after transformation
into indicator funct ions as foIlows . Given a categoricaI variable composed of K
types, the indicator function for the kth type is:

( ) {
I if type k is present at location XI

J x.ik =
I' O if type k is not present at location XI

2. Multiquadric interpolation

As the most suitable interpolation method, Yamamoto et aI. (2012, p. 148)
praposed to use multiquadric equations (Hardy, 1971, p. 1907) instead of indicator
kriging. The indicator function for the kth type can be interpolated at an unsampled

Iocation Xo based on n neighboring indicator values as (Yamamoto et aI. 2012, p. 148):

(1)
;=1

Th e weights {w j , i =1, ... , n} come frorn the solution of a system of linear

equations (Yamamoto et aI. 2012, p. 148):
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For interpolation of indicator functions the multiquadric kernel gives good

results . The multiquadric kernel is rjJ(x) = ~lxl 2 + C , where Ixl is the norm of a

vector in R" and C is a positive constant. This constant is known as shape
parameter and the accuracy of multiquadric interpolation depends on this
parameter (Bayona et aI., 2011, p. 7384-7385).

The variance associated with the k'" interpolated type can be computed as
(Yamamoto et aI. 2012, p. 149):

(2)
;=1

For every unsampled location x" we have K interpolated indicator funetions

(1) and K varianees (2). The most likely type km:.JJ( at x" is given by (Teng &

Koike, 2007, p. 533) :
1*(x,,;knn.) = max(I*(xo;k),k = 1,.. .,K) (3)

Therefore, the variance associated with the most likely type is also the
maximum variance:

S;(x,,; kmax ) =1 * (x,,; kmax Xl-1 * (x,,; kmax ) )

In order to visualize uneertainties on the
interpolated model, Yamamoto et aI. (2012, p.
151) defined the uncertainty zone in which
variances are greater than 0.20 (Figure 1).
Act ually, Yamamoto et aI. (2012, p. 151)
proposed overlapping the uneertainty zone
with most likely types. Locations presenting
variances greater than 0.20 are considered
uncertain and as shown by Yamamoto et aI.
(2012, p. 151) they are close to geologie
contacts.

(4)

• UNCERTAIN1Y ZONE

02 o.~ 0.& 0& 1.0
MBRJlATED FmRlROOtI

Fig 1. Uncerlainty zones defined
for interpolation variances greater

than 0.20.
As we know there are two important

parameters for multiquadrie interpolation: the constant C and lhe numb er of

neighbor data. In order to study the effect of both parameters on interpolation
results we considered using a stratified random sample with 40 data points

(Figure 2) .
The sample set in Figure 2B was used to study the effeet of both neighbor data

points and the constant C in multiquadric equations. Since we have 40 data points,
the number of nearest neighbor data points varies from 4 to 20 in steps of 4.

3. Materiais and methods
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Fig 2. Synthetic model composed of 100 by 60 points presenting a categorical variable
with four types (A) and stratified random sample (B).

4. Results and discussion

For categorical data interpolation we must work with a minimum number of
neighbor data points. Th e effec t of value C is investigated by changing its value
frorn 10 to 1000 and varying the number of neighbor data points as mentioned
before. Results are presented in Figure 3.
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. ........

..
l ~".í· I

\ ." 1. \

Fig 3. Resulting images of most likely types and uncertain types after multiquadric
interpolation with varying C and number of neighbor data points frorn 4 to 20. NDP

means number of neighbor data points.

Increasing the number of neighbor dat a points means decreasing estimated
probabilities. However, the constant C has a strong negative effect on resultant
multiquadric interpolated images. A number of neighbor data points greater than
or equal to 12 results in deteriorated images. For example, the type IV starts
vanishing with 12 neighbor data points and increasing constant C. It becomes
worse with increasing the number of neighbor data points.

We know that increasing the number of neighbor data is the cause of
smoothing for continuous data interpolation. However, smoothing for categorical
variables is different frorn continuous data becaus e wh en we take the most likely
type (expression 3), the smoothing vanishes. For categorical variables we have to
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examine the smoothing effeet under the view of global varianees. The global
varianee for all K types ean be eomputed as (Kader and Perry, 200?):

Jiz =I:Pk (1- Pk )

where proportion (Pk) issimplyPk = fk andMislhenumber ofinterpolaíed locations.
M

We computed the global varianees for
varying number of neighbor data points
and for different constants, aceording to
results displayed in Figure 4.

Figure 4 shows that for a C=O there is
no varianee reduetion even with
inereasing the number of neighbor data.
Nevertheless, with C greater than zero
smoothing effeet beeomes eonspieuous
with varianee. Aetually , the higher C the Fig 4. Total variance according to the

number of neighbor data and constant C
lower is the global varianee. Moreover,
the smoothing in mu1tiquadrie interpolation is eaused by the combination of larger
number of neighbor data and larger constants.

5. Conclusions

In this paper we presented the results of a survey into multiquadrie
interpolation for eategorical data interpolation. The main eonclusion of this
survey is related to the use of a small number of neighbor data and a minimum
eonstant C.
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