
This presentation aims to give an overview of the history of the 
“regression effect” – also known as conditional bias – from 
Krige’s early work in 1951 to the definitive paper read at 
APCOM 1996. This last publication was foolowed by papers 
by other authors (esp. Viv Snowden) promoting the use of the 
regression slope and the “kriging efficiency” as measures of 
reliability for block kriging estimates. These measures are now 
standard in mine planning softawre packages and classification 
of resources and reserves.
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To illustrate the development of the “regression correction” we 
use a (publicly available) data set from Geevor Tin Mines 
Limited in the 1970s. This data forms the case study in the 
1983 paper by this author in Mathematical Geology, called 
“Regression Revisited”.

Development drives are 30m (100’) apart vertically and 
densely sampled. Stopes are sampled regularly every 14 days 
amounting to a rough 6m (20’) spacing. The mined area of the 
vein is approximately 500m by 250m

This presentation is based on the green locations which were 
available in 1972.
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Showing a typical stope layout. The estimated value in the 
stope is simply the average of the samples in the two 
development drives. The actual stope value (sic) is taken to be 
the average of the sample values within the stope itself. 

This is probably simplistic but serves for illustrative purposes.
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A scatterplot of drive average versus stope average for the 50 
stopes available in 1972, shows a good correlation but not 
around a 45° line.

High values in the development (based on around 50kg of 
material) are not borne out by the average of around 3,000 tons 
in the stope. 

Similarly, low estimates correspond with stopes of slightly 
higher grade when actually mined.
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The same scatterplot as previously showing a least squares 
regression line fitted through the cloud of points.

The slope and intercept of this line are used as correction 
facctors to obtain conditionally unbiassed estimates for each 
stope.

This represents exactly the situation in the gold mines as 
discussed by Krige in 1951, except in that case lognormal 
methods were used. 
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The slope on the regression line is simply calculated as per any 
introductory statistics book.

If the region is stationary, the covariance can be deduced from 
the semi-variogram. In traditional geostatistical notation, the 
slope can be expressed in terms of the weighted average semi-
variogram between drive samples and stope average versus the 
“within sample” weighted average semi-variograms. 

Note that no stope samples are needed for this calculation.

In 1996 Krige defined a (possibly) simpler notation to express 
the same regression slope using the “between block variance” 
[BV] and the “lagrangian multiplier” [LM] from the Ordinary 
Kriging equations. Note that LM can be negative. 
Some software packages use the absolute value of LM which is 
incorrect. This incorrect form is stated in Snowden (2001).
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To calculate the regression slope with stope samples, we 
simply need to calculate and model the semi-variogram from 
the drive samples.

The nested spherical model with well defined sill supports the 
stationarity of values in the area.
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The scatterplot showing 

• the regression line calculated on the basis of 50 mined out 
stopes

• The regression line calculated using drive samples only 
(georegression)

• Lower 95% confidence on geostatistical regression line 
assuming that the stope mean equals the development mean

The difference in intercept suggests that the stopes already 
mined are slightly narrower than the global mean.
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In current practice, the regression slope and kriging efficiency 
are used in block modelling exercises carried out by 
sophisticated mine planning software packages. For this paper, 
a simulated example is used to illustrate the regression effect in 
block modelling.

Point data has been simulated at 1% of the range of influence. 
The block size discussed here is 10% of the range of influence. 
The average of 100 points is taken to be the true average of the 
block.

The comparison scatterplot above shows estimates from 
“sample” points at centres separated by 30% of the range of 
influence.

It is clear that in this circumstance the conditional bias is 
present and a least squares regression line is appropriate.
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In this graph, “samples” are taken at 60% of the range of 
influence – that is, every 6 blocks. It is evident that the 
conditional bias is reversed with high values being under-
estimated and low values over-estimated.

It is also evident that the least squares or georegression type 
line will not correct the conditional bias. A slope greater than 1 
is required.

The alternate line on this graph is provided by a Reduced 
Major Axis calculation similar to affine correction.
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Grade tonnage curves are compared for the three data sets.

There is little difference between the “samples” at different 
spacing, 30% and 60% show similar behaviour. 

However both sets of samples differ from the exhaustive data 
set at 1% spacing.
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Grade tonnage curves are compared for Ordinary Kriging of 
the block values from the three data sets.

The samples at 30% spacing show a close correspondence with 
the exhaustive block values as confirmed in the scatterplot seen 
previously. The samples at 60% spacing show the serious 
conditional bias as illustrated in the corresponding scatterplot. 

12



Just to remind listeners of how the regression slope is 
calculated.

Also to remind listeners that LM can be positive or negative.

Perhaps it is worth stating that this is the LM from Ordinary 
Kriging when the equations are set up with semi-variogram 
values. If the software package solves the kriging equations 
using covariance rather than semi-variogram, the LM will have 
the opposite sign and should be subtracted rather than added.
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Prof Krige pioneered the use of regression techniques in 
improving reserve estimation and promoted these very 
successful methods over a period of 60 years. 

However, it should be borne in mind that the regression slope 
is NOT a measure of the reliability of a kriging estimator. It is 
a measure of the likely conditional bias on the kriged estimate.

The Kriging Efficiency – which is a direct function of the 
Kriging Variance –IS a measure of reliability, albeit a relative 
one. This reflects the scatter which remains even when the 
regression slope is a perfect ‘1’.

Blocks are selected as ore or waste according to the estimate 
not the actual value.

14



This grade tonnage graph shows the actual returns achieved if 
the blocks are selected for mining: 

1. when the estimate is above cutoff (solid lines)
2. When the estimate is below cutoff (dashed lines) 

Basically, the tonnage may or may not be realistic but the 
grade
mined and the metal recovered will always be too low.

That is why grade control sampling is so valuable – to close 
the gap between estimate at production time and recovered 
reserve.
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