
}Used in mining, 
environment, 
forestry, fisheries, 
geophysics, and 
topography.  
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ωKriging is an interpolation process 

 



}Polygonal Estimator (either Voronoi  or 
Block Based)  
ƁThese can be extended to 3D  

ƁEach Sample value is ôextendedõ over a volume 
of influence  

ƁSamples are not weighted ð ôblock histogramõ = 
point histogram  
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}Sectional Grade 
Interpolation  
ƁPopular in former CIS 

countries  

ƁSectional ôpolygonsõ 
extended between 
drill fences are 
valued by averages of 
samples.  
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}Inverse Distance Weighting  
ƁEstimate is a linear weighted average of sample 

values  

ƁWeights are calculated using euclidiean distance 
between samples and target block  

ƁChoice of power used in the weighting is arbitrary  
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}Formula for weight of iô th  sample is:  

}Weights follow assumption that nearest data 
are most relevant  

}Can be applied to point support or blocks é 
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}Samples available for the estimate are drill 
samples  

}Sample lengths are important  
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}Size of Samples affects their variance (inverse 
relationship);  

}Variograms will therefore change with 
different supports;  

}Scale of observation is important;  

}Relate to the Scale of Model;  

}Block Size vs Sample Support;  
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Local estimates may be highly imprecise; 

Dense sampling may be required; 

Large Scale (global) estimates feasible; 



}Highly variable phenomena may require 
abundant sampling for good quality 
estimates.  

}Local estimates may be highly imprecise if 
polygonal (1 sample) or based on few data.  

}Global estimates or large - scale local 
estimates are possible ð these would 
approximate moving average estimates.  
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}Processes with low spatial variability are 
generally easier to estimate.  

}Samples are more directly representative of 
the grade distribution patterns  

 

  How can these different processes be 
 described? ð through their variograms  
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}Strong Stationarity: not generally used in 
geostatistics  

}Second Order: mean and variance exist, 
Covariance (Z( x),Z(x+ h)) exists and only 
depends on h. 

}Intrinsic Hypothesis: second order 
stationarity for the difference (Z( x) ð Z(x+ h)). 
This is most common in geostatistics.  
ƁE[Z(x+ h) ð Z(x)]=0 for all x and all h 

Ɓɔ(h) = 0.5Var[Z( x+h) ð Z(x)] exists and depends on h 
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}Trends exist when there is a systematic 
change in value with location;  

}Trends are also functional on scale;  
}Presence of a trend may preclude the 

existence of a variance;  
}Strong trends require special treatment 

under geostatistics;  
}Depending upon data distribution (spatial) 

some trend situations can be easily handled 
by interpolation;  
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}What do we want in an Estimator?  
ƁUnbiased  

ƁMinimise  the Variance( True value  ð Estimate)  

ƁAccount for Continuity Models  

ƁAccount for clustering in the data  

ƁRepeatable and unique solution  

ƁGive a ranking of estimation qualities  
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}There are two basic flavours of Kriging ð 
Ordinary Kriging and Simple Kriging;  
ƁSimple Kriging: mean value is known and is used in 

the estimate;  
ƁOrdinary Kriging: mean value is unknown and is 

derived within the estimation process [most 
common form];  
ƁThere is another ôvariantõ of kriging known as 

Universal Kriging or Kriging with a Trend Model that 
is not commonly used.  
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}Kriging equations can be written in terms of 
the Covariance Function or in terms of the 
Variogram Function;  

}The derivation of the equations follows the 
explicit minimisation of Var(Z(x) ï Z(x)*); 

}The most convenient way to look at the 
equations is in the form of a Matrix:  
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}Variogram shows the average variance 
between two samples as a function of their 
separation vector.  
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ωCovariance and Variance can be interchanged 

 

 ɔ(h) = Cov(0)  - Cov(h) 
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Left Hand Matrix: 

Describes variances between sample 

locations 

Weight Matrix: 

Weights applied 

To each sample 

Right Hand Matrix: 

Describes variances 

between samples and 

estimation target.  
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ÅVector lengths are 

converted to variances, 

using the variogram and 

entered into the matrices. 

ÅFor the RHS Matrix, 

blocks are óarraysô of 

points and the average 

variance between the data 

point and the block is 

calculated. 

ÅFor the RHS Matrix if a 

point estimate is being 

done only 1 vector is 

needed. 



}LHS Matrix describes sample - sample 
interactions in ôvariogram spaceõ; 

}RHS Matrix describes sample - target 
interactions in ôvariogram spaceõ; 

}Solution of the equation yields array of 
weights that are used to derive the estimate;  
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}SK matrix is similar to the OK matrixé 
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ωUnbiasedness terms force sum of weights in OK to be 
equal to 1 (Lagrange multiplier and constrained 
solution) 



}In SK the mean is known and participates in 
the estimate;  
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Z* SK = Ɇ (ɚi Zi) + (1 ï Ɇɚi).m 

ωThere is a weight given to the mean; 

ω For corresponding OK and SK estimates the 
OK kriging variance will always be higher. 

 



}IDW uses distances only ð no consideration 
of spatial continuity (variogram);  

}IDW only uses distance between sample and 
target ð no consideration of sample - sample 
interaction (redundancy);  

}Clustered data are down - weighted in the 
kriging process ð not true in IDW;  

}Kriging Equations are formalised to 
minimise Var(Z - Z*);  

}Both estimators are globally unbiased;  
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}Is data independent (only depends on 
variogram);  

}Provides a relative ranking of estimates;  

}Unless the input data are gaussian, the 
kriging variances are not gaussian. They 
cannot be used trivially to provide CI around 
the data estimates;  
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o 6.50 o 1.80

o 8.70 o 2.9

o 7.20 o 4.30

o 5.50 o18.9

Z* = 6.98 Z* = 6.98

ů
2
 = 5.5 ů

2
 = 5.5

These two blocks have the same data 

arrangements, the same estimates and the same 

kriging variances ï but is our confidence in the 

estimates the same? 



}Information Effect and Conditional Bias  
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I Estimated as waste,  

in fact, ore. 

III Estimated as ore, 

in fact, waste 

IV Correctly estimated  

waste 

II Correctly estimated ore 


