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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@kriging.com and she will

post all typos and major comments on the web page

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



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. I 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/



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  value

 residual from a trend surface

A an area or volume whose value is to be estimated

C nugget effect 0 or sill  on a semi-variogram model

F auxiliary function for the variance within a panel or block

H auxiliary function for a corner point with a 2d panel

M a specified point within an area or volume

N number of pairs of samples found in a semi-variogram calculation

P proportion of the population above a specified cutoff value or pay limit

may also be used to represent percentage rather than proportion

Q an auxiliary function between two ‘lines’ at right angles

S sum of squared residuals from a regression exercise

T the unknown value at an unsampled location

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

V the variance of samples around their arithmetic mean

X co-ordinate for a location, usually east/west

Y co-ordinate for a location, usually north/south

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



Notation continued

lower case Greek letters

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

the significance level of a hypothesis test

 beta additive constant used in a three parameter lognormal distribution

 gamma Sichel’s correction factor for the lognormal mean estimation

a model semi-variogram or function calculated from such

 delta a small change

 epsilon the error of estimation, actual value−estimated value
 theta an angle usually expressed in degrees

 lambda Lagrangian multiplier

 mu arithmetic mean of values in a Normal population

 nu degrees of freedom

 eta damping or decay parameter in a hole effect semi-variogram model

 pi 3.141592654.... the ratio of the perimeter of a circle to its diameter

 rho the population correlation coefficient between two variables

 sigma the standard deviation of values in a Normal population

 tau the arithmetic mean of values in a lognormal population

 phi the standard Normal density function

 chi the distribution of sample variances from Normal samples

 omega the standard deviation of values in a lognormal population

Upper case Greek letters

Σ Sigma a summation sign, e.g. Σ
=1 is “sum for series  = 1 2 3 − 1 ”

Φ Phi cumulative proportion under the standard Normal distribution

Ψ Psi Sichel’s confidence factors for the lognormal distribution
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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 à leur

strict minimum. L’ouvrage s’adresse à un public non spécialisé.” Annales de la Société

Géologique de Belgique, 1982

“Some readers may find the text rather too chatty............” 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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