Practical Geostatistics
2000

Isobel Clark

Geostokos (Ecosse) Limited,
Scotland

William V Harper

Otterbein College, Westerville,
Ohio, USA



Praccical
(ecoscaciscics

2000

Isobel Clark

Geostokos (Ecosse) 1td, Scotland

William V Harper
Otterbein College, Westerville OH, USA

% ST

)
I s
7 Beosse North America LLC, Columbus, Ohio, USA. 2



umpteenth Reprint, November 2008
Copyright (©) 2007 by Geostokos (Ecosse) Limited, Scotland.
All rights reserved. Published simultaneously worldwide on CD.

Reproduction or translation of any part of this work beyond that permitted
by Section 107 or 108 of the 1976 United States Copyright Act without
the permission of the copyright owner is unlawful. Requests for
permission or further information should be addressed to Permissions
Department, Geostokos (Ecosse) Limited, Alloa Business Centre,
Whins Road, Alloa FK10 3SA, Central Scotland.
Tel: +44 (0)773 663 1632 Fax: +44 (0)1259 215274

e-mail: geoecosse@stokos.demon.co.uk
http://www.kriging.com http:/ /ecossenorthamerica.com

Cataloging in Publication Data:

Clark, Isobel and Harper, William V.

Practical Geostatistics 2000 / Isobel Clark & William V. Harper.

430p.  2.5cm.

ISBN: 0-9703317-0-3 ; 0-9703317-1-1 (CD-Rom)

1. Geology— Statistical methods. 2. Mining engineering. 3. Environmental
engineering [. Harper, William V. II. Title

QE33.2.582 C43 2000

519.5’02’4553—dc21

Ecosse North America, LLC, Columbus, Ohio USA, publishers.

Typeset using Scientific Word 5.5, MacKichan Software Inc,
http://www.mackichan.com



Bill would like to dedicate this book to
his lovely wife Paula
and
wonderful daughter Rachel

Isobel’s eternal gratitude goes out to
her erstwhile personal assistant, Anne Anderson

The 1979 Practical Geostatistics started with a quotation from the poem “The Chorus”
in Edwin Morgan’s anthology The New Divan, published by Carcanet/Manchester in 1977:

“What is obscure is seldom clear”

For this new book, longer and (we hope) much improved,
we use a longer — but just as ironic — quotation:

“Let us all be quiet in unison
and hear what the oracle has to tell us.

The oracle says, when winter comes
the autumn is over. Are we comforted?”



Special Request for our Readers

We have a favour to ask of you, the readers - we want your guidance on what changes should
be made in subsequent editions. We hope to update this book fairly frequently as we are
publishing this ourselves and have total control over what it contains, how many copies are
printed, etc. In addition to sending us questions and typos, we hope that you will take the
time to specify what new topics we should add (or what topics should be expanded). Make
sure Isobel gets a copy of all such comments. E-mail her at PG2000@Qkriging.com and she will
post all typos and major comments on the web page

Thanks (in advance) for all help in this effort.



Contents

Preface

Notation

1. Introduction Page 1

1.1 Expectations

1.2 The problem to be solved
1.3 Data sets

1.4 Software

2. Why a statistical approach? Page 7

2.1 Investigating the sample data

2.2 Measures of central tendency

2.3 Measures of spread or variability
2.4 Graphical descriptions of the data
2.5 Other useful descriptive statistics
2.6 Discrete data

2.7 Into the unknown

2.8 Worked examples

2.8.1 Coal project data, calorific values
2.8.2 Iron ore example

2.8.3 Wolfcamp data
2.8.4 Scallops, total catch

2.9 Exercises
3. Normal (Gaussian) distributions Page 31

3.1 The gap between data and population

3.2 Is it a Normal distribution?



3.3 Estimating population parameters

3.3.1 estimating the population average
3.3.2 estimating the standard deviation
3.3.3 confidence intervals for standard deviation

3.3.4 confidence intervals for mean
3.4 Selection (grade/tonnage) calculations
3.5 Summary of chapter
3.6 Worked examples

3.6.1 Coal project, calorific values
3.6.2 Iron ore example

3.6.3 Wolfcamp data

3.6.4 Scallop data, total catch

3.7 Exercises
. Lognormal distributions (and others) Page 67

4.1 The lognormal distribution

4.1.1 estimating the mean of a lognormal population
4.1.2 confidence intervals on the population mean

4.2 The three parameter lognormal
4.3 Selection (grade/tonnage) calculations

4.3.1 two parameter lognormal — reef widths
4.3.2 three parameter lognormal — gold grades

4.4 More complex distributions and mixtures
4.4.1 mixtures of Normal or lognormal populations
4.5 Worked examples

4.5.1 Scallops, total caught

4.5.2 Organic matter in soil
4.5.3 Calcium in limestone

4.5.4 Geevor Tin mine, Cornwall

4.6 Exercises



5. Discrete distributions Page 103

5.1 Review of Discrete Moments

5.2 Bernoulli and Binomial Distributions

5.3 Negative Binomial and Geometric Distributions

5.4 Poisson Distribution

5.5 Mixtures of Poisson Distributions (Compound Poisson)

5.5.1 Oswego Zircon data
5.5.2 Other examples

5.6 Spatial Considerations
5.7 Solved Problems

5.8 Exercises
6. Hypothesis testing Page 135

6.1 Single sample tests

6.1.1 test on sample mean
6.1.2 test on sample standard deviation

6.2 Two sample tests

6.2.1 test on standard deviations
6.2.2 test on means

6.2.3 paired sampling

6.2.4 test for sample distribution

6.3 Worked examples

6.3.1 Heights of students
6.3.2 Geevor tin mine — development versus stope

6.4 Exercises
7. Relationships Page 147

7.1 Straight line relationships

7.1.1 quantifying the strength of the relationship
7.1.2 Predicting one variable from the other
7.1.3 Calorific Value versus Ash Content

7.1.4 Calorific Value versus Sulphur Content

7.2 Other worked examples



7.2.1 Gold grade versus reef width

7.2.2 Scallops caught

7.2.3 Application — Krige’s Regression Effect
7.3 Relationships involving more than two variables

7.3.1 Predicting Sulphur from Calorific Value and Ash Content
7.3.2 Application — Krige’s moving average template

7.3.3 Curvilinear Regression

7.3.4 Application — Polynomial Trend Surface Analysis

7.4 Exercises
. The spatial element Page 185

8.1 Including location as well as value
8.2 Spatial relationships
8.3 Inverse distance estimation

8.4 Worked examples

8.4.1 Coal project, calorific values
8.4.2 Iron ore project
8.4.3 Wolfcamp data
8.4.4 Scallops caught

8.5 Exercises
. The semi-variogram Page 207

9.1 The experimental semi-variogram

9.1.1 Irregular sampling
9.1.2 Cautionary notes

9.2 Modelling of the semi-variogram function

9.2.1 The linear model

9.2.2 The generalised linear model

9.2.3 The Spherical model

9.2.4 The exponential model

9.2.5 Gaussian model

9.2.6 The hole effect model

9.2.7 Paddington mix model

9.2.8 Judging how well the model fits the data
9.2.9 equivalence to covariance function



9.2.10 the nugget effect
9.3 Worked examples

9.3.1 Silver example from Practical Geostatistics 1979
9.3.2 Coal project: calorific values
9.3.3 Wolfcamp aquifer

9.4 Exercises
. Estimation and Kriging Page 247

10.1 Estimation error

10.1.1 one sample estimation

10.1.2 another single sample

10.1.3 two sample estimation

10.1.4 another two sample estimation
10.1.5 three sample estimator

10.2 Choosing the optimal weights
10.2.1 three sample estimation
10.2.2 the general form for the ‘optimal’ estimator
10.2.3 confidence levels and degrees of freedom
10.2.4 simple kriging

10.3 Ordinary kriging

10.3.1 ‘optimal” unbiassed estimator
10.3.2 alternate form: matrices
10.3.3 alternate form: covariance
10.3.4 three sample estimation

10.4 Worked examples

10.4.1 Coal project, calorific values
10.4.2 Tron ore example, (Page95)
10.4.3 Wolfcamp, residuals from quadratic surface

10.5 Cross validation
10.5.1 cross cross validation

10.6 Exercises



11. Areas and volumes Page 295

11.1 The impact on the distribution

11.1.1 Iron ore example, Normal example
11.1.2 Geevor Tin Mine, lognormal(ish) example

11.2 The impact on kriging

11.2.1 the use of auxiliary functions
11.2.2 Iron ore example, Page 95
11.2.3 Wolfcamp aquifer, quadratic residuals

12. Other kriging approaches Page 315

12.1 Universal kriging
12.1.1 Wolfcamp aquifer
12.2 Lognormal kriging

12.2.1 the proportional effect

12.2.2 the lognormal transformation
12.2.3 Geevor Tin Mine, grades
12.2.4 SA Gold Mine

12.3 Indicator kriging
12.4 Rank uniform kriging
12.5 Summary of chapter

13. Bibliography Page 325

Tables
Data Sets

Index



Preface

This is the bit where the authors traditionally thank everyone who helped in the production
of the book and set the tone for the rest of the tome.

Isobel Clark

Isobel:

Thanks guys and girls. There are way too many people who have made contributions over the
years to expect to cover them all. The 11 years at the Royal School of Mines in London and
the 10 at the University of the Witwatersrand form the basis for the teaching material and
exercises in the bulk of these chapters. Open short courses and in-house courses to all manner
of audiences added to and enhanced both the direction of the teaching and the exercises
provided. So to all those ex-undergraduates, ex-postgraduates and course participants on
four continents, thanks.

Thanks to Dick Minnit, Fred Cawood and Hennie Greyvenstein in Johannesburg for bugging
me until the book actually got written. Thanks to Audun Clark for unconditional support.
Thanks to Gavin Lind for assistance in courses and ancillary material. And, of course, endless
thanks to my co-author who made all this possible.................

This book is intended for self-study, especially in its CD form. We hope to develop this into a
full interactive teaching medium in the future. You can also study the book and gain academic
credits at http://www.edumine.com. All comments are welcome although positive criticism
is likely to get more response!

Contact me: Dr Isobel Clark, Geostokos (Ecosse) Limited,
Alloa Business Centre, Whins Road, Alloa, FK10 3SA, Central Scotland
Tel: 0773 663 1632 Fax: 01259 215274. e-mail: drisobelclark@kriging.com



J:

Bill Harper

Bill: Many moons ago in the early 1980s Howard Hume and I were trying to dig into the
seemingly strange field of geostatistics. Much was not intuitive and seemed to hide behind a
strange wall of jargon. Howard and I decided to contact those individuals that we felt might
be able to shed light down the borehole. Fortunately we heard from Isobel (whose 1979 book
was one of the few readable geostatistics publications at that time) and she changed her next
U.S. trip to come to Columbus to visit us at Battelle in 1984. As they say, the rest is history.
Isobel and I collaborated on numerous articles in the 1980s. Perhaps my biggest claim to
geostatistical fame was publishing the Wolfcamp data in my first geostatistical analysis. This
resulted in many publications by others using this particular set of data.

In the late 1980s I moved away from environmental geostatistical applications after the Battelle
high-level nuclear waste program was terminated by the U.S. government. Until early 1999
most of my 1990s efforts have been focused on more classical statistical methods, operations
research, quality management, and discrete event simulation. In Spring 1999 Isobel was
staying at our place for a few days’ visit. After several enjoyable beverages, I raised the issue
of her many years of promising to update her book. The result of that discussion is now before
your eyes. As the Grateful Dead used to sing, “What a long, strange trip it’s been”.

I would like to recognize the invaluable support from my lovely wife, Paula, and daughter,
Rachel. T am also thankful of the continued good support of Otterbein College. Finally, I
want to thank Isobel for being Isobel.

Please send us any and all feedback. We hope to update this often to meet your requests.

Contact me: William V. Harper, Otterbein College, Mathematical Sciences
Towers Hall 139, 1 Otterbein College, Westerville, OH 43081-2006 U.S.A.
Phone: 614-823-1417 Fax: 614-823-3201

WHarper@otterbein.edu http://faculty.otterbein.edu/WHarper/

sales at: http://ecossenorthamerica.com/
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Notation

the range of influence or distance scaling parameter in a model semi-variogram
breadth of a panel or block under study

coefficients estimated in a regression or trend surface analysis

cutoff or ‘pay’ value used in a grade/tonnage calculation

distance between a sample and a location at which an estimate is required
2.718281828..... the natural anti-logarithm function

a secondary or ancillary variable measured on a sample

the primary value measured at a sample location

the distance between any two specified locations within the study area
a subscript identifier

a subscript identifier

a subscript or integer power

length of a panel or block under study

number of local samples in an estimation

number of samples available in the current study

slope of the line in a linear semi-variogram model

estimate for the correlation coefficient between two variables
unbiassed estimate for the standard deviation of a population
Student’s distribution for the arithmetic mean of Normal samples
Sichel’s estimator for the average of a lognormal population

a volume

weighting factor

standardised Normal variate, mean 0 standard deviation 1

logarithm of g value

residual from a trend surface

an area or volume whose value is to be estimated

nugget effect Cy or sill C; on a semi-variogram model

auxiliary function for the variance within a panel or block
auxiliary function for a corner point with a 2d panel

a specified point within an area or volume

number of pairs of samples found in a semi-variogram calculation
proportion of the population above a specified cutoff value or pay limit
may also be used to represent percentage rather than proportion
an auxiliary function between two ‘lines’ at right angles

sum of squared residuals from a regression exercise

the unknown value at an unsampled location

the distribution of Sichel’s ¢ estimate for the lognormal mean

the variance of samples around their arithmetic mean
co-ordinate for a location, usually east/west

co-ordinate for a location, usually north/south

co-ordinate for a location, usually elevation or depth
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alpha

beta
gamma

delta
epsilon
theta
lambda
mu
nu
eta
pi
rho
sigma
tau
phi
chi
omega

Sigma
Phi
Psi

Notation continued

lower case Greek letters

power to which distance is raised in a semi-variogram model

the significance level of a hypothesis test

additive constant used in a three parameter lognormal distribution
Sichel’s correction factor for the lognormal mean estimation

a model semi-variogram or function calculated from such

a small change

the error of estimation, actual value—estimated value

an angle usually expressed in degrees

Lagrangian multiplier

arithmetic mean of values in a Normal population

degrees of freedom

damping or decay parameter in a hole effect semi-variogram model
3.141592654.... the ratio of the perimeter of a circle to its diameter
the population correlation coefficient between two variables

the standard deviation of values in a Normal population

the arithmetic mean of values in a lognormal population

the standard Normal density function

the distribution of sample variances from Normal samples

the standard deviation of values in a lognormal population

Upper case Greek letters

a summation sign, e.g. X! ; is “sum for series + = 1,2,3......n — 1,n
cumulative proportion under the standard Normal distribution
Sichel’s confidence factors for the lognormal distribution



1. Introduction

1.1. Expectations

Before you start reading this book, we would like to make it clear exactly what you can
(and can’t) expect from it and what we do (and don’t) expect from the reader. This text is
based on 28 years of courses taught to mining engineers, geologists, hydrologists, soil scien-
tists, climatologists plus the occasional geographer, pattern recognition expert, meteorologist,
statistician and computer scientist. Even, on one occasion, an accountant. Over those years,
we have endeavoured to pare away all extraneous mathematics and concentrate on intuitive
derivations where possible. Readers interested in rigorous mathematical proofs are urged to
stop here and turn to the more theoretically based books (cf. Reference Texts in Bibliogra-
phy). This book is not intended to turn out fully fledged geostatisticians. It is intended for
people with problems to be solved which can be assisted by a geostatistical approach.

To read this book and benefit from it you need to be fairly comfortable with basic algebra.
That is, with the notion of using symbols as shorthand for longer statements. We have worked
hard to bring you a consistent notation throughout the book. Where notation is out of our
control, we explain carefully what each symbol stands for and try not to use that symbol for
anything else. This is not always possible. For example, Student (William Gosset) developed
his distribution for the mean of a set of samples and called it the ¢ distribution. Herbert Sichel
developed an estimator for the mean of a lognormal distribution and called it (surprise) ¢.

Calculus — differentiation and integration — is discussed at various points in the text. The
reader is not expected to do any calculus (as such) but is expected to know that the differential
of 2% is 2x. The only other complication is the frequent use of simultaneous equations. We
tend not to use matrix algebra in this book but will give the matrix form after explanations
have been given in simple algebra. For example, linear regression is easier to understand if
developed with algebra, but very simple to implement in spreadsheets or in packages such as
MatLab™ if matrices are used.

If we haven’t scared you off yet, be reassured by the fact that all the analyses are illustrated
with real data sets in full worked answers. If you have the CD, the data sets are included
along with software to reproduce the analyses (for the most part). If you are reading the hard
copy, the data sets and software can be downloaded from the Web. There are exercises for
you to try. Answers are available for you to check your results. Most of these exercises have
been collected and used in classes or examinations at Final (Senior) Year and Master’s levels.

It is our own fundamental regret that this book cannot contain the jokes, anecdotes and
sheer fun that we have on the courses. We do advise you, however, to keep your sense of
humour and common sense to the fore at all times while reading this book.

1.2. The problem to be solved

Geostatistics — as discussed in this book — was developed in geology and mining. However,
the problem which it was developed to tackle is more general than geological applications. This
text is intended as a basic introduction to statistical and geostatistical analysis of sample data
which possesses a location as well as at least one observed value.

Practical Geostatistics 2000 Page 1



There is often confusion as to the intended objective of geostatistical techniques. We define
them here as twofold:

1. to characterise and interpret the behaviour of the existing sample data;

2. to use that interpretation to predict likely values at locations which have not yet been
sampled.

To set the scene for the rest of the book, let us imagine that there is a (more or less) continuous
phenomenon which covers a study area (or volume).

EcoS55e — Eco Spatial Statistical evalnation

Mo menu selections currently available

Click here bo continue

Current Analpsis
Irwerse Distance E stimates

‘Wariable under study
Patentiometric Levsl

!IPotentiometric Lesels (feet) for Wolfcamp Aquifer — INew Mexico and Texas Current data file: C:\Practical(_}eostatjstics?ﬂﬂﬂ\wo].fcamp\W

Figure 1.1: Potentiometric levels over Wolfcamp study area

Some samples have been taken over the study area and their locations noted. Measurements
have been made on the samples taken. Our major task is to estimate the likely value at a
location which has not been sampled.

There are many different ways to tackle this problem. This book covers just one approach
which is based on a well defined set of assumptions. Other assumptions lead to other methods.

A lot of the criticism which is levelled at geostatistical estimation is founded on misconceptions
about the capabilities and intentions of the method (cf. section Sceptics in Bibliography). We
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Figure 1.2: Actual sample data available in Wolfcamp study

will tackle those as we come to them in the text. We will also discuss the shortcomings of the
techniques which will be developed as and when appropriate. The intention of this book is to
give the reader an understanding of the statistical and geostatistical techniques which might
be useful, not to lay down any laws and regulations on what should and should not be used.

The statistical portions of this book are intended to lay the groundwork for the geostatistical
analysis. Much of this material can be found in foundation statistics books but not in the
current context. The geostatistical portions of the book assume that you have mastered the
statistical techniques described earlier. It is not advisable to ‘skip ahead’ on the assumption
that what is being discussed has no relevance to your own interests. The development is
extremely linear, in that one section leads into another. There are exceptions to this, of
course. For example, if you will never have to deal with skewed data, you can skip the chapter
on the lognormal distribution and its variants. If you will never deal with more than one
measurement per sample, you can skip most of the Relationships chapter. If you never deal
with data which has a trend in the values, you can skip all but the first few pages of that
chapter.

1.3. Data sets

The sort of applications presented within the book are mainly geological with some hydrology
and environmental case studies. The potential applications include any form of measurable
spatial data and some which cannot be given a quantitative measure, such as rock type, land

Practical Geostatistics 2000 Page 3



use etc. We have included applications of geostatistical techniques in the following fields (so

far):

e Coal: a simulated set of data based on a real coal seam in Southern Africa. Boreholes

drilled into the coal seam are measured for: thickness of coal (metres), energy content
or ‘calorific value’ of coal (Megajoules per tonne); ash content (%) and sulphur content
(%). Three co-ordinates in metres are available for the top of the coal seam where
intersected by the drillhole.

GASA: this data set is named for the Geostatistical Association of South Africa and
was used in an illustration of geostatistical techniques at a meeting in April 1987 in
Johannesburg. The sample data are taken from deep boreholes drilled into a typical
Witwatersrand type gold reef. The measurements of interest are the grade of the gold
in grams per tonne of rock (parts per million) and the thickness of the reef intersection
in the borehole (centimetres). The 27 boreholes lie approximately 1 kilometre apart and
constitute a typical data set for the planning and design of a new Wits gold mine. The
values have been disguised by a factor but are otherwise unaltered. Co-ordinates are in
metres.

Samples: this data set is based on a Wits type gold mine some decades into production.
The samples are chipped from the face of the reef in a working section of the mine
(stope). As the face advances, new chip samples are taken. Values within a stope
are traditionally estimated using the sample values from the face. This data is totally
fictitious except for the locations of the samples, which are taken from a real Wits type
gold mine.

Copper: a simulation based on a stockpile of mined material in the former Soviet Union.
Boreholes have been drilled into the dump. The drill core is cut every 5 metres and
assayed for copper and cobalt content in percentage by weight. This is the only three
dimensional set of tutorial data. Co-ordinates are in metres.

Geevor: this is sample data from a hydrothermal tin deposit in Cornwall, England. The
mineralisation appears as a continuous vein which is sub-vertical. Samples of around
1kg are chipped across the vein, which averages about 24 inches wide. Measurements
are grade of tin in pounds of black tin (SnO,) per ton of rock. The thickness of the
vein or ‘lode’ is measured to the nearest inch. Co-ordinates are in feet along section and
elevation above an arbitrary base level.

Clark, 1., 1979, “Does geostatistics work?”, Proc. 16th APCOM, Thomas J O’Neil, Ed.,
Society of Mining Engineers of AIMFE Inc, New York, 213-225.

Wolfcamp: measurements of water pressure (potentiometric level) in 85 water wells in
the Texas panhandle. This data set was part of a study carried out by the Office for
Nuclear Waste Isolation in the mid 1980s on a potential site for a high level nuclear
waste repository. The Wolfcamp aquifer underlies the planned repository. One aspect
of repository planning is to quantify the risks inherent in a breach of the storage facility.

Page 4 Practical Geostatistics 2000



Should radionuclides leak into the local aquifers, the scope and speed of potential con-
tamination has to be assessed. The pressure of fluid within the aquifer was one of several
variables used to determine the travel path and speed of travel for escaped radionuclides.

Reference: Harper, W.V., and Furr, J.M., 1986. “Geostatistical analysis of potentio-
metric data in the Wolfcamp Aquifer of the Palo Duro Basin, Texas”, BMI/ONWI-587,
April, Office of Nuclear Waste Isolation, Battelle Memorial institute, Columbus, Ohio.

e Scallops: Scallop data were collected during a 1990 survey cruise off the east coast of
North America. Scallop counts were obtained using a dredge. Any scallop smaller than
70 mm was termed a prerecruit. Total catch is the sum of prerecruits and recruits.
Measurements included in the data file are:

— National Marine Fisheries Service (NMFS) 4 digit strata designator in which the
sample was taken;

— sample number per year ranging from 1 to approximately 450;

location in terms of latitude and longitude of each sample in the Atlantic Ocean;

total number of scallops caught at the sample location;
— number of scallops whose shell length is smaller than 70 millimeters;

— number of scallops whose shell length is 70 millimeters or larger.

Reference: Ecker, M.D., and Heltshe, J.F. 199}. “Geostatistical estimates of Scallop
Abundance”, In, Case Studies in Biometry, Lange et al., editors. Wiley, New York

e Dioxin: A truck transporting dioxin contaminated residues dumped an unknown quan-
tity of these wastes onto a farm road in Missouri. In November, 1983, the U.S. EPA
collected samples of the site. In order to reduce the number of samples required, samples
were composited along transects. The transects run parallel to the highway, and this
direction is designated as the X-direction. The direction perpendicular to the highway
is designated as the Y-direction. Data are TCDD concentration (tetrachlorodibenzo-p-
dioxin) in micrograms per kilogram (ug/kg). Co-ordinates and transect length are given
in feet.

Reference: Zirschy, J.H., and Harris, D.J. 1986. “Geostatistical analysis of hazardous
waste site data”. Journal of Environmental Engineering, 112:770-784.

e Organics: Data are Soil Organic Matter values (in grams per kilogram) derived from soil
samples taken in a research field at the University of Nebraska West Central Research
and Extension Center near North Platte, Nebraska, USA. Data were taken as part of
experiments on variable-rate fertilizer technology. Co-ordinates are in metres.

Reference: Gotway, C.A. and Hergert, G.W. (1997). “Incorporating Spatial Trends
and Anisotropy in Geostatistical Mapping of Soil Properties”. Soil Science of America
Journal, 61:298-309
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e Velvetlf: Subsample of the number of velvetleaf weeds counted in 7 meter? area in a field
in Nebraska. Data were collected by Gregg Johnson (see 2nd reference), as part of a
research program in weed management at the University of Nebraska.

References: Data set taken from: Gotway, C.A., and Stroup, W.W. 1997. “A generalized
linear model approach to spatial data analysis and prediction”. Journal of Agricultural,
Biological, and Environmental Statistics, 2:157-178.

Data collected by: Johnsen, G.A., Mortensen, D.A., and Gotway, C.A. 1996. “Spatial
and temporal analysis of weed seedling populations using geostatistics”. Weed Science,
44:704-710.

All of the above case studies appear somewhere within the text. The data files are available
on the CD and can be downloaded from the Web. All, except samples and possibly copper,
are small enough to tackle at desktop and hand calculator level. We strongly recommend that
you carry out each analysis by hand at least once to reinforce the written text.

1.4. Software

If you have this book on CD, the disk also contains a ‘demo’ version of the Geostokos software
created specially for teaching. This version has slightly more features than the EcoSSe package
and rather less than the full Geostokos Toolkit. It is a Windows based package which currently
operates under Windows 95/98 and NT. Follow the installation instructions supplied with the
package. All of the above data sets are supplied on the disk.

If you have this book in hard copy, you may download the software and data sets from
the Web. Check your delivery package for current instructions. Full listings of the data sets
(except for samples) are given in the Appendix.

The software is identical to the standard Geostokos EcoSSe and Toolkit software packages
except that it will only read the data files supplied with the book.

Cautionary note on Precision: It is particularly important to remember that all of the
worked answers given in this book have been computed using proprietary software, spread-
sheets and/or hand calculators. All of these have different levels of precision in their makeup.
Do not worry if your answer is out by anything up to a couple of percent compared to the
one in this book. This is particularly so when you have to square, cube or raise numbers to a
larger power.

If you make a real mistake, your answer will be quite different from ours. In most cases,
mistakes during calculation lead to huge differences in the answers.
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Practical Geostatistics was written by Isobel Clark and
published in 1979 by Elsevier Applied Science when
few books were available to assist a teacher of geostatistics.

“Kriging is useful as an interpolation and estimation technique in geochemistry, rock me-
chanics, geography, hydrology, forestry and many more diverse disciplines. ....... provides
the reader with a book which can be readily understood and with fully worked examples
and illustrations” Engineering Societies Library Review, 1980

“It is obviously written by an experienced teacher who well knows the value of worked
examples and self-teaching exercises” British Book News, 1980

“a useful and easy introduction” Biometrics 1980

“La présentation est claire, succinte, les développements mathématiques sont réduits a leur
strict minimum. L’ouvrage s’adresse & un public non spécialisé.” Annales de la Société
Géologique de Belgique, 1982

“Some readers may find the text rather too chatty............ 7 Bulletin of the Institute of
Mathematics and its Applications 1981

“I think Clark’s book is valuable because it makes geostatistics readily understandable.
............ I hope that Dr Clark will give us a comparison of classical statistics with geo-
statistics in a future book” Economic Geology 1981

This is that future book. Jointly authored by Isobel Clark and Bill Harper, Practical
Geostatistics 2000 shows how the kriging techniques of geostatistics evolve logically
from basic statistical concepts and interpolation methods such as trend surface analysis
and inverse distance weighting.

This book is not intended for specialist mathematicians or statisticians, but for those
students and professionals to whom geostatistics is one useful tool on the workbench.
Our proposed audience includes anyone who needs to produce estimates or predictions of
quantitative values at locations where samples have not been or cannot be taken.

No prior knowledge of statistics is assumed, although the reader needs to be comfortable
with basic algebra and a little calculus. It helps if you know how to solve small sets of
simultaneous equations. All chapters include fully worked examples. Most include a list
of exercises for the reader to practice on. A separate volume of answers to the exercises
is also available. Data sets are listed and can be downloaded — along with the software —
from the Web.
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