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ABSTRACf

Three commonly used techniques (inverse distance
squared, linear interpolation, and kriging) for interpolating
spatial data points were compared on the basis of
robustness and accuracy. The results demonstrate that 1)
kriging is a more robust contouring method; 2) kriging
provides explicit measur.es of estimation accuracy; and 3)
kriging balances the risks of misclassification (false positive
and false negative error rates).

INTRODUCI10N TO KRIGING

Geostatistical interpolation or kriging is a method for
optimally estimating a quantity which is distributed in
space and is measured at a network of points (Marsily,
1986). Kriging is applicable for defining contaminated
areas in soils or groundwater, estimating piezometric
surfaces, or mapping any spatially distributed parameter.
The issue of delineating contaminated hazardous waste
sites is relevant in Georgia as it is throughout the United
States.

Geostatistical mapping is essentially completed in two
steps (Figure 1): first is the identification of the correlation"
properties of the data; and second is the generation of
estimates at each grid pointo

The correlation function is a measure of the joint
variability of data points at different locations. Suppose
one is interested in the concentration of a chemical in soils.
As the distance between two sampling points deaeases,
one would expect a higher correlation between
concentration values. But as the distance ina-eases, this
correlation weakens and after a certain separation
distance, called the range of influence, the concentration
values are independent from one another. The spatial
correlation properties of the data can be quantified by the
correlation function or the variogram.

The second step is the generation of concentration
estimates for each grid point in a user-defined network.
The kriging estimates represent a weighted average of
nearby measurements (FtgUre 1), where the Ai weights are
determined based on the variogram values at different
distances. Clearly, points, X\:,x" and x" which arc closer
to the unsampled location at Aot and havmg a higher
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Figure 1. Process of Geostatistical Interpolation (Kriging).



· correlation to Xo than X2 and X4, will have a greater
influence on the estimation of Xo. The Ai weights are
optimal in the sense that they minimize the variance of the
estimation error. The estimation error is defmed as the
difference of the true value from the estimated one. The
.Ai weights are chosen to make the average estimation error
zero, indicating unbiasedness.

Two advantages of geostatistics over traditional
contouring packages are 1) incorporates correlation
structure of each data set; and 2) provides the variance of
the estimation error and, therefore, allows for the
computation of confidence intervals.

CASE STUDY

The objective of this investigation was to compare three
commonly used interpolation methods for defining the
areal extent of surface soil contamination. The fIrst
technique is a traditional inverse distance squared (IDS)
method, the second is kriging, and third is linear
interpolation. The IDS method provides grid estimates
based on the neighboring measurements weighted
according to the inverse of the distance squared. The
software packages used were Geopack (EPA, 1990), a
public domain software endorsed by EPA, and Surfe~
(Golden software, 1989).

Suppose the cleanup level for this site was 5 ppm.
Figure 2 shows the areas to be remediated by the two
methods. The main observation is that the critical area
determined by kriging is significantly smaller than the area
delineated by the IDS method. This is a general result and
is attributed to the data normalization process required by
kriging. When data exhibit skewness toward the higher
values, the critical areas are over-estimated by mapping
methods which do not require data normalization.

Because of the difference in critical areas predicted by
each contouring method, the question then arises which is
the most accurate method. To address this issue we used
two verification procedures. The fust was to test the
robustness of the contouring methods in relation to the
number of data points used in the analysis. The second·
was to evaluate the accuracy of the areal extent estimates.

Comparison Based on Robustness

With regard to robustness,contours based on 100
percent of the data, 80 percent, 60 percent, 40 percent, and
20 percent of data were generated by three methods
(kriging, IDS, and linear interpolation). An average point
density for 100 percent data would correspond to a
rectangular sampling network of approximately 30 by 30
feet; 80 percent corresponds to a sample density of 40 by
40 feet; 60 percent, 50 by 50 feet; 40 percent, 60 by 60 feet;
and 20 percent, 70 by 70 feet. The data eliminated in each
step were determined randomly. Table 1 summarizes the
results by showing. the areal extent of the 5 ppm contour
lines. As expected, when the number of data points
decrease, the estimated critical areas eventually decrease
as well. Ultimately, the critical area approaches zero when
no data points are available.
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Figure 2. Comparison of 5 ppm Contour for Two
Metliods: Kriging and Inverse Distance
Squared.

To evaluate the robustness of the methods in sparser
data sets, we compared the areal extent differences \vith
the base case where all of the data were included. A
robust method is one which yields estimates which do not
deviate significantly from the base case despite the
reduction in the number of data points.

Normalized

Estimated
Bias/Mean
S~uared

Area rror
% Data (sq ft) (MSE)

Kriging 100 1,049,980 1.00
80 1,064,TIO 1.01
60 1,028,590 0.98
40 982,989 0.94
20 839,831 8i¥MSE

Inverse 100 ~18,310 1.00
Distance 80 1,512,020 1.00
Squared 60 1,455,930 0.96

40 1,313,550 0.87
20 1,074,830 0.71

MSE <TIO

Linear 100 1,608,430 1.00
80 1,583,710 0.98
60 1~19,62O 0.94
40 1,376,510 0.86
20 1,091,580 0.68

MSE (TIS

Table 1. Summary of Contaminated Areal Extent Using
Different Contouring Methods.
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To illustrate the results, we also report the areal
differences normalized to the base case (Table 1). The
methods are evaluated according to the mean squared
error (MSE) which is the average squared difference from
1.0 in each case. The kriging MSE is consistently lower
than both the linear and the IDS contouring methods.
This result indicates that kriging is a more reliable
estimator of the true contour location.' The linear and IDS
methods perform comparably.

Another observation is that the base case results for
each of the contouring methods are significantly different.
For example, the 5 ppm areal extents differ by 30 percent
for kriging and IDS methods. This difference will
appreciably add to the remediation cost.

Comparison Based on Accuracy

With regard to the areal extent accuracy, the 5 ppm
contour lines were compared to the data above and below
5 ppm. For kriging, 3 percent of the data above 5 ppm
were not contained within the 5 ppm contour line (false
negative), versus only 0.25 percent arid 1 percent for the
IDS and linear interpolation methods, respectively. This is
something to be expected given the significantly larger
areal extent of contamination that the IDS and linear
interpolation methods predict. However, comparing the 5
ppm contour lines, with the data less than 5 ppm, kriging
failed 2 percent of the time (false positive), versus 12
percent and 13 percent for the IDS and linear interpolation
methods, respectively.

CONCLUSIONS

This case study demonstrates that kriging is a more
robust contouring method than IDS or linear interpolation.
Statistically" kriging attempts to maintain minimal
comparable false negative and false positive errors. The
probabilities of these 'errors cannot be simultaneously
minimized. Since one error type decreases at the expense
of the other, kriging-generated contours represent a
statistically balanced approach. Pl~ase note, another
version of kriging called probability kriging (Journe~ 1988)
can provide isopleths at any false negative or false positive
error rate desired.
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