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VALUE OF INFORMATION IN THE EARTH SCIENCES
Integrating Spatial Modeling and Decision Analysis

Value of information (VOI) is a concept in decision theory for analyzing the value
of obtaining additional information to solve a problem. Gathering the right kind
and the right amount of information is crucial for any decision-making process.
Already commonly used in medicine, economics, and finance, VOI is becoming
increasingly popular with Earth scientists.

This book presents a unified framework for assessing the value of potential
data gathering schemes by integrating spatial modeling and decision analysis, with
a focus on the Earth sciences. The authors discuss and compare the value of imper-
fect versus perfect information and the value of total versus partial information,
where only subsets of the data are acquired. Concepts are illustrated using a suite
of quantitative tools from decision analysis, such as decision trees and influence
diagrams, as well as models for continuous and discrete dependent spatial vari-
ables, including Bayesian networks, Markov random fields, Gaussian processes,
and multiple-point geostatistics. Numerous examples are used to illustrate the
applicability of VOI to topics such as energy, geophysics, geology, mining, and
environmental science. Real datasets and MATLAB codes are also provided as
online supplementary material.

Unique in its scope, this book is of interest to students, researchers, and industry
professionals in the Earth and environmental sciences who use applied statistics
and decision analysis techniques, and particularly to those working in petroleum,
mining, and environmental geoscience.

Jo Eidsvik is Professor of Statistics at the Norwegian University of Science and
Technology (NTNU), Norway, and has previous industry work experience from
the Norwegian Defense Research Establishment and Statoil.

Tapan Mukerji is Associate Professor (Research) in the Department of Energy
Resources Engineering and the Department of Geophysics at Stanford University.
He is a co-author of The Rock Physics Handbook and Quantitative Seismic
Interpretation.

Debarun Bhattacharjya is a research staff member in the Cognitive Computing
Research Group at the IBM T. J. Watson Research Center, New York. He applies
his expertise in decision analysis toward developing algorithms and tools for both
research and consulting purposes.
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Preface

This book is a result of our collaboration over the past decade on addressing problems
related to the value of information (VOI) in Earth sciences applications by building links
between statistics, geosciences, and decision analysis. We believe that such an interdis-
ciplinary approach will become increasingly essential for the careful stewardship of our
natural resources.

Decisions related to the Earth’s natural resources are often consequential, and making
these decisions under uncertainty is a ubiquitous challenge. Since there is a lot at stake,
it may be worthwhile for the decision maker to obtain more information before the deci-
sion is actually made — i.e., before an irrevocable allocation of resources. When faced with
uncertainty, gathering the right kind and right amount of information is crucial. Today,
geo-coded data are commonly purchased, processed, and interpreted to provide infor-
mation about uncertain variables, such as the spatial distribution of trees in a forest, the
amount of oil or gas in the subsurface, the level of groundwater in an aquifer, or the mineral
content in a mine. A crucial question to answer is: how much information should one pur-
chase, and at what price? This question is related to the well-established concept of VOL.
Additional information may help to reduce the uncertainty, but if the information has no
impact on the decision, then purchasing it is not economic.

A key characteristic of applying the decision theoretic notion of VOI to the Earth sci-
ences that makes it different from other applications is the spatial aspect: spatial uncertainty,
spatially distributed information, and spatial decisions. The decision theoretic formalism
provides a consistent basis for relating statistical models of spatial phenomena to the deci-
sions. This connection facilitates decision making by providing clarity of action and also
fosters innovative approaches for designing spatial information-gathering schemes.

The book presents a unified framework for VOI analysis based on statistical concepts,
geological and geophysical modeling, and decision analysis. Often in the Earth sciences,
information is sensed remotely — for example, from geophysical surveys that provide indir-
ect and imperfect knowledge about the spatially varying surface. How valuable is this
imperfect information? We study the comparison of various kinds of practical schemes by
considering the value of imperfect versus perfect information and the value of total versus

xi
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xii Preface

partial information, where only subsets of the possible data are acquired — for example, a
sparse versus a spatially dense survey.

We focus on areas of our own expertise for the benefit and interest of others with simi-
lar scientific backgrounds. Throughout the book, we will discuss and reference the work
of others, but we do not aim to provide an exhaustive summary of what has been done on
applying VOI to other fields, such as in medicine. Applications from the Earth sciences
are highlighted, and we describe the practical use of our methods and tools via a number
of illustrative examples and hands-on exercises so that readers can learn the concepts by
applying them.

Even though this is a specialized book, we aim to reach a diverse group of readers. The
primary intended readers include scientists, engineers, graduate students, and professionals
who use applied statistics and decision theoretic models in the quantitative Earth sciences.
We believe that the topics will be of interest to researchers and industry professionals in
different fields of the Earth sciences: energy resources, mining, groundwater, and environ-
mental sciences. It will also be of interest to applied statisticians and decision analysts. We
hope that this book will be a practitioner’s guide.

The book requires some background in basic probability and statistics and mathematical
calculus, as well as an interest in Earth sciences applications. Although it is not essential,
it helps to know basic multivariate analysis and decision analysis or optimization. The
reader must be open to learning unfamiliar topics and be able to appreciate the added value
obtained from the multidisciplinary approach. If more background knowledge is needed for
a particular topic, readers can consult some of the references suggested in the bibliographic
notes at the end of each chapter. The chapters define the concepts using mathematics, but
without going into too much detail. Additional mathematical details about the most import-
ant models and methods used in the book are provided in the appendix. The last chapter
contains exercises and larger projects including data. On the website (srb.stanford.edu/
VOI), we provide more background for these examples, including data and computer code.

We hope that you find this book useful!
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