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Abstract : Various geological thematic maps have been generated by interpolating sparsely
sampled ground survey data and geostatistical kriging that can consider spatial correlation between
neighboring data has widely been used. This paper applies multi-variate geostatistical algorithms to
integrate secondary information with sparsely sampled ground survey data for geological thematic
mapping. Simple kriging with local means and kriging with an external drift are applied among several
multi-variate geostatistical algorithms. Two case studies for spatial mapping of groundwater level and
grain size have been carried out to illustrate the effectiveness of multi-variate geostatistical algorithms.
A digital elevation model and IKONOS rémote sensing imagery were used as secondary information in
two case studies. Two multi-variate geostatistical algorithms, which can account for both spatial
correlation of neighboring data and secondary data, showed smaller prediction errors and more local
variations than those of ordinary kriging and linear regression. The benefit of applying the multi-variate
geostatistical algorithms, however, depends on sampling density, magnitudes of correlation between
primary and secondary data, and spatial correlation of primary data. As a result, the experiment for
spatial mapping of grain size in which the effects of those factors were dominant showed that the effect
of using the secondary data was relatively small than the experiment for spatial mapping of
groundwater level.
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Fig. 2. Scatterplot of groundwater level and elevation at sampling
locations.
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Fig. 1. (a) Location map of sample data, (b} Digital elevation modei used for groundwater level mapping. Areas with gray color in (a)
denote the study areas considered for groundwater level mapping.
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Fig. 3. Experimental variograms of (a) groundwater level, (b) elevation, {c) residual, with model fitted.
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Fig. 4. Groundwater level distribution maps generated by geostatistical algorithms.
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Fig. 5. Histograms of differences between linear regression estimates and kriging results.

Table 1. Cross validation results in a case study for groundwater

level mapping.
Algorithm Mean (Sl\%gag Error Relative Index (%)
Ordinary Kriging 23.48 -
Linear Regression 2.16 90.80
KED 0.70 97.02
SKLM 0.68 97.10
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Fig. 7. Scatterplots of grain size and DN values of each IKONOS imagery at sampling locations.

Table 2. Linear regression coefficients for the SKLM approach.

. Residuat
Case Equation tarderror
Band2 | z(u) =7.5971 -0.0257 Ypana2(w) 0.554

2() = 11.8356-0.0898 Ypana1 ()
All bands | ~0.2063 Ypanga(t) +0.0806 Vpana3(w)| 0448
~0.0024 ypanaa(w)
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Fig. 8. Experimental variograms of (a) grain size sample data in 135 degree direction, (b) grain size sample data in 45 degree direction,
(c) residual of the use of IKONOS band 2, {d) residual of the use of IKONOS all bands, with model fitted.
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Fig. 9. Grain size distribution maps generated by geostatistical algorithms.

Table 3. Cross validation results in a case study for grain size mapping.

Algorithm Mean Square Error (MSE) Relative Index (%)
Ordinary Kriging 0.241 -

Kriging with a Trend 0233 332
Linear Regression of IKONOS band 2 0.295 -2241
Linear Regression of IKONOS all bands 0.230 4.56
KED 0.162 32.78
SKLM with IKONOS band 2 0.183 24.07
SKLM with IKONOS all 0.138 4274
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