An Introduction to Kriging

w Krigingis an interpolation process

1 Used in mining,
environment,
forestry, fisheries,
geophysics, and
topography.
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Other Interpolators...

1 Polygonal Estimator (either Voronoi or

Block Based)

BThese can be extended to 3D

BEach Sample value 1 s 0Oext el
of influence

BSamples are notweighted 06 bl ock hi st og
point histogram

NS, ) 1 !
MR GEOSTATISTICAL ASSOCIATION OF SOUTHERN AFRICA | (IASA ||I
\ http://www.gasa.org.za . }
NN




Other interpolators...

1 Sectional Grade
Interpolation

BPopular in former CIS
countries

BSecti onal op
extended between
drill fences are
valued by averages of e s
samples. \
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Inverse Distance Weighting (1)

1 Inverse Distance Weighting
BEstimate is a linear weighted average of sample
values

BWeights are calculated using euclidiean distance
between samples and target block

BChoice of power used in the weighting is arbitrary
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Inverse Distance Weighting (2)
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} Formula for weight of  16th sample is:
1 Welights follow assumption that nearest data
are most relevant

1 Can be applied to point support or blocks é
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Points versus Blocks: Support
Effect

1 Samples available for the estimate are drill
samples

1 Sample lengths are important

frequency %
<N
%
<N
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Support Effect

1m Samples Zm Composites
From To Zn (%%} From To Zn (%)
0 1 1.22 0 e 1.06
1 2 0.91 2 4 202
2 3 1.58 4 8 224
3 4 2.45 8 8 3.25
4 5 281 2 10 127
5 6 1.76 10 12 1.84
8 7 4.00 12 14 1.76
T 2 251 14 16 1.23
] 5 1.98 16 18 1.7
] 10 0.57 12 20 0.28
10 11 1.60 20 22 220
11 12 208 22 24 2.05
12 13 0.68
13 14 283
14 15 1.57
15 16 0.29
16 17 2359
17 18 1.03
18 19 1.00
19 20 0.75
20 M 238
s 22 202
22 23 1.1
23 24 3.00
Average 1.80 1.80
variance 0.77 0.42
minimum 0.57 0.83
maximum 4.00 325
RSD 0.49 0.36
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Support Effect

1 Size of Samples affects their variance (inverse
relationship);

+ Variograms will therefore change with
different supports;

1 Scale of observation Is important;
} Relate to the Scale of Model;
+ Block Size vs Sample Support;
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Spatial Continuity

Value

3.5 1

Data Process 1: Highly variable

Local estimates may be highly imprecise;

Dense sampling may be required,
Large Scale (global) estimates feasible;
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Spatial Continuity

+ Highly variable phenomena may require
abundant sampling for good gquality
estimates.

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

1 Global estimates or large - scale loca
estimates are possible 0 these woulo
approximate moving average estimates.
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Spatial Continuity

Data Process 2: Low variability

M

Value
n
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Spatial Continuity

} Processes with low spatial variability are
generally easier to estimate.

1 Samples are more directly representative of
the grade distribution patterns

How can these different processes be
described? o through their variograms
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Stationarity

}

Strong Stationarity: not generally used In
geostatistics

Second Order: mean and variance exist,

Covariance (Z( xX),Z(x+ h)) exists and only
depends on h.

Intrinsic Hypothesis: second order

stationarity for the difference (Z(  x) d Z(x+ h)).
This Is most common In geostatistics.

BE[Z(x+ h) 0 Z(X)]=0 for all xand all h

Ba(h) = 0.5Var[Z( x+h) d AX)] exists and dependson h
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Trends

1 Trends exist when there is a systematic
change in value with location;

1 Trends are also functional on scale;

} Presence of a trend may preclude the
existence of a variance;

} Strong trends require special treatment
under geostatistics;

1 Depending upon data distribution (spatial)
some trend situations can be easily handled
by interpolation;
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Trends
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Kriging

1 What do we want in an Estimator?
BUnbiased
BMinimise the Variance( 7rue value o Estimate)
BAccount for Continuity Models
BAccount for clustering in the data
BRepeatable and unique solution
BGive a ranking of estimation qualities
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Kriging variants

1 There are two basic flavours of Kriging 0
Ordinary Kriging and Simple Kriging;

BSimple Kriging: mean value is known and is used In
the estimate;

BOrdinary Kriging: mean value is unknown and is
derived within the estimation process [most
common form];

BThere 1 s anot her ovari ant o ¢

Universal Kriging or Kriging with a Trend Model that
IS not commonly used.
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Kriging Equations

+ 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)1 Z(x)*);

1 The most convenient way to look at the
equations is in the form of a Matrix:
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Variograms - a recall

+ Variogram shows the average variance
between two samples as a function of their
separation vector.

o(h) = %Var[z(x +h)- z(x)]

wCovariance and Variance can be interchange

o) = Cov(0) - Cov(h)
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Variograms - a recall

y(h)y o[~
Sill(C)

Q
-
% =spatial variance
=
© - > separation
I Nugget (Co)
| h
= non-spatial T Ifh - range (a)
variance NO correlation

-
=

It h < range (a)
correlation
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Kriging Equations

& G2 3 Gn loelie g(x,V)0
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/ \ Right Hand Matrix:

Left Hand Matrix: Weight Matrix: Describes variances

Describes variances between sample || Weights applied || between samples and

locations To each sample || estimation target.
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Kriging Equations

Asector lengths are
converted to variances,
using the variogram and
entered into the matrices.

X, Aor the RHS Matrix,

] bl ocks are Oo6ar
® points and the average
\ L variance between the data
X point and the block is
calculated.
N
Xs

X1

Aor the RHS Matrix if a

940 point estimate is being
done only 1 vector is
X, needed.
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Kriging

1 LHS Matrix describes sample - sample

l nteractions |1 n Ovariogr
} RHS Matrix describes sample - target
l nteractions |1 n Ovariogr

1 Solution of the equation yields array of
weights that are used to derive the estimate;

Zv=€i1'1z(>ﬁ)c"7’i ZV=§'5}12(>9)C'7’i
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Simple Kriging

' SK matri x 1's similar to

€1 G, 3 9w |1 e/, 2 eg(xlv)g

e é
%1 G O |1 /2u eg(xz'v)u

e 6 @4u=¢€ 4 u
é é U e
égNl I\ Q\IN 1 e/Nu eQ(XN’V)u

§1 1 3 1 Oh&md &[1] Y

w Unbiasednesgerms force sum of weights in OK to be
equal to 1 (Lagrange multiplier and constrained

solution)
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Simple Kriging

1 In SK the mean is known and participates in
the estimate,;

7+ sk=E(azi)+ 17 Fay.m

wThere Is a weight given to the mean,

w For corresponding OK and SK estimates the
OK kriging variance will always be higher.
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Kriging vs IDW

}

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

IDW only uses distance between sample and
target 90 no consideration of sample - sample
Interaction (redundancy);

Clustered data are down - weighted in the
kriging process 0 not true in IDW;

Kriging Equations are formalised to
minimise Var(Z - Z%);
Both estimators are globally unbiased,;
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Kriging variance

1 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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Kriging Variance

07.20

These two blocks have the same data
arrangements, the same estimates and the same

Kriging variances i but is our confidence in the
estimates the same?

0 6.50 01.80
08.70 02.9
Z* =6.98 Z* =6.98
8°=55 8°=55
04.30
0 5.50 018.9
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Problems with Linear Estimators

1+ Information Effect and Conditional Bias

| Estimated as waste,
In fact, ore.

Il Correctly estimated or

lll Estimated as ore,
In fact, waste

IV Correctly estimated
waste
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