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Preface to the Second Edition

Travelling through the UK following the wettest summer on
record, one can see the direct and indirect effects of the
dynamism of the environment and the responses to change,
whether due to global-scale climate or local scale land use.
Flood dis and still-inundated fields are the reminders of the
dramas of months past. The impacts of such change are felt
in many different ways across the globe, both in the
moment of the event, or after a period of months or years—
such as the expected significant rise of food prices that we
are soon to endure. In this context, the aim of this book to
understand environmental processes and use models to
evaluate their effects remains as strong as ever. In what has
been almost a decade since the first edition was assembled,
the message of the original chapters remain as strong as
ever, but the decade has also seen great advances in
conceptual approaches, practical methods and technological
advances for modelling. Practical applications of models
always need to relate to the people affected by the systems
simulated, but what is presented here are examples of the
building blocks that can be used to such ends. It is left to
the modeller to ensure that these blocks are put together in
a robust but societally relevant manner.

In putting this second edition together, we realized very
quickly that in wanting to provide more of a basic
introduction to modelling, the structure was becoming very
unwieldy. Therefore, we decided to take most of the original
chapter 2 and develop it into a companion volume (or
prequel, if you prefer)—Building Environmental Models: A
Primer on Simplifying Complexity—which should appear in
the next year or so. Some chapters from the original edition
have been removed or rewritten and integrated into others
to make way for chapters reflecting new developments and



themes. We extend our warmest thanks to all of the
authorsfor their collaboration and co-operation in this
process. Discussions with, and inspirations from them all
continue to inspire and inform our own work.

The basis of the book remains the work we both carried
out in the Environmental Monitoring and Modelling Research
Group in the Department of Geography, King's College
London. Since the first edition, its original leader and our
mentor, John Thornes, has sadly passed away, but we hope
his work (see chapter 24) will remain an inspiration to
environmental scientists for many years to come. Alan
Dykes is now leading the production of an edited volume in
his honour to show his legacy more fully.Also since the first
edition, JW has become more peripatetic, which has
provided an opportunity to try out ideas and materials on
students in Sheffield, Strasbourg and Durham. We thank
them all, as well as those from King's throughout the last
two decades or so. The last word again goes to the
apparently infinite patience of our editors at Wiley-Blackwell
—Fiona Woods and Lucy Sayer—in bringing this project to a
successful conclusion.

John Wainwright and Mark Mulligan
Durham and London
October 2012



Preface to the First Edition

Attempting to understand the world around us has been a
fascination for millennia. It is said to be part of the human
condition. The development of the numerical models, which
are largely the focus of this book, is a logical development
of earlier descriptive tools used to analyse the environment
such as drawings, classifications and maps. Models should
be seen as a complement to other techniques used to arrive
at an understanding, and they also, we believe uniquely,
provide an important means of testing our understanding.
This understanding is never complete, as we will see in
many examples in the following pages. This statement is
meant to be realistic rather than critical. By maintaining a
healthy scepticism about our results and continuing to test
and re-evaluate them, we strive to achieve a progressively
better knowledge of the way the world works. Modelling
should be carried out alongside field and laboratory studies
and cannot exist without them. We would therefore
encourage all environmental scientists not to build up
artificial barriers between ‘modellers’ and ‘non-modellers’.
Such a viewpoint benefits no-one. It may be true that the
peculiarities of mathematical notation and technical
methods in modelling form a vocabulary which is difficult to
penetrate for some but we believe that the fundamental
basis of modelling is one which, like fieldwork and
laboratory experimentation, can be used by any scientist
who, as they would in the field or the laboratory, might work
with others, more specialist in a particular technique to
break this language barrier.

Complexity is an issue that is gaining much attention in
the field of modelling. Some see new ways of tackling the
modelling of highly diverse problems (the economy, wars,
landscape evolution) within a common framework. Whether



this optimism will go the way of other attempts to unify
scientific methods remains to be seen. Our approach here
has been to present as many ways as possible to deal with
environmental complexity, and to encourage readers to
make comparisons across these approaches and between
different disciplines. If a unified science of the environment
does exist, it will only be achieved by working across
traditional disciplinary boundaries to find common ways of
arriving at simple understandings. Often the simplest tools
are the most effective and reliable, as anyone working in the
field in remote locations will tell you!

We have tried to avoid the sensationalism of placing the
book in the context of any ongoing environmental
‘catastrophe’. However, the fact cannot be ignored that
many environmental modelling research programmes are
funded within the realms of work on potential impacts on
the environment, particularly due to anthropic climate and
land-use change. Indeed, the modelling approach—and
particularly its propensity to be used in forecasting—has
done much to bring potential environmental problems to
light. It is impossible to say with any certainty as yet
whether the alarm has been raised early enough and indeed
which alarms are ringing loudest. Many models have been
developed to evaluate what the optimal means of human
interaction with the environment are, given the conflicting
needs of different groups. Unfortunately, in many cases, the
results of such models are often used to take environmental
exploitation ‘to the limit’ that the environment will accept, if
not beyond. Given the propensity for environments to drift
and vary over time and our uncertain knowledge about
complex, non-linear systems with threshold behaviour, we
would argue that this is clearly not the right approach, and
encourage modellers to ensure that their results are not
misused. One of the values of modelling, especially within
the context of decision-support systems (see Chapter 14) is



that non-modellers and indeed non-scientists can use them.
They can thus convey the opinion of the scientist and the
thrust of scientific knowledge with the scientist absent. This
gives modellers and scientists contributing to models
(potentially) great influence over the decision-making
process (where the political constraints to this process are
not paramount). With this influence comes a great
responsibility for the modeller to ensure that the models
used are both accurate and comprehensive in terms of the
driving forces and affected factors and that these models
are not applied out of context or in ways for which they
were not designed.

This book has developed from our work in environmental
modelling as part of the Environmental Monitoring and
Modelling Research Group in the Department of Geography,
King's College London. It owes a great debt to the
supportive research atmosphere we have found there, and
not least to John Thornes who initiated the group over a
decade ago. We are particularly pleased to be able to
include a contribution from him (Chapter 18) relating to his
more recent work in modelling land-degradation processes.
We would also like to thank Andy Baird (Chapter 3), whose
thought-provoking chapter on modelling in his book
Ecohydrology (co-edited with Wilby) and the workshop from
which it was derived provided one of the major stimuli for
putting this overview together. Of course, the strength of
this book rests on all the contributions, and we would like to
thank all of the authors for providing excellent overviews of
their work and the state-of-the art in their various fields,
some at very short notice. We hope we have been able to
do justice to your work. We would also like to thank the
numerous individuals who generously gave their time and
expertise to assist in the review of the chapters in the book.
Roma Beaumont re-drew a number of the figures in her
usual cheerful manner. A number of the ideas presented



have been tested on our students at King's over the last few
years—we would like to thank them all for their inputs.
Finally, we would like to thank KeilyLarkins and Sally
Wilkinson at John Wiley and Sons for bearing with us
through the delays and helping out throughout the long
process of putting this book together.

John Wainwright and Mark Mulligan
London
December 2002



List of Contributors

Andres Alcolea, Geo-Energie Suisse AG, Steinentorberg
26, CH-4051 Basel, Switzerland.

Andrew ). Baird, School of Geography, University of
Leeds, Woodhouse Lane, Leeds, LS2 9T, UK;
www.geod.leeds.ac.uk/people/a.baird/.

Nick R. Bond, Australian Rivers Institute, Griffith
University, Nathan, 4300, Australia;
www.griffith.edu.au/environment-planning-

architecture/australian-rivers-institute/staff/dr-nick-bond.

Richard E. Brazier, Department of Geography, College
of Life and Environmental Sciences, University of Exeter,
Amory Building, Rennes Drive, Exeter, EX4 4R], UK;
http://geography.exeter.ac.uk/staff/index.php?
web_id=Richard Brazier.

Hannah Cloke, Department of Geography, King's
College London, Strand, London WC2R 2LS, UK;
www.kcl.ac.uk/sspp/departments/geography/people/acad
emic/cloke/

Nick A. Drake, Department of Geography, King's
College London, Strand, London WC2R 2LS, UK;
www.kcl.ac.uk/sspp/departments/geography/people/acad
emic/drake/.

Guy Engelen, Vlaamse Instelling voor Technologisch
Onderzoek (VITO)—Flemish Institute for Technological
Research, Expertisecentrum Integrale Milieustudies,
Boeretang 200, 2400 Mol, Belgium; www.vito.be.

David Favis-Mortlock, Environmental Change Institute,
Oxford University Centre for the Environment, South
Parks Road, Oxford, OX1 3QY, UK;
www.eci.ox.ac.uk/people/favismortlockdavid.php.



http://www.geog.leeds.ac.uk/people/a.baird/
http://www.griffith.edu.au/environment-planning-architecture/australian-rivers-institute/staff/dr-nick-bond
http://geography.exeter.ac.uk/staff/index.php?web_id=Richard_Brazier
http://www.kcl.ac.uk/sspp/departments/geography/people/academic/cloke/
http://www.kcl.ac.uk/sspp/departments/geography/people/academic/drake/
http://www.vito.be/
http://www.eci.ox.ac.uk/people/favismortlockdavid.php

Rosie A. Fisher, CGD/NCAR, PO Box 3000, Boulder CO
80307-3000, USA; www.cgd.ucar.edu/staff/rfisher/.

Francesco Giannino, Dipartimento di Ingeneria Agraria
e Agronomia del Territorio, Universita degli Studi di
Napoli Federico Il, via Universita 100, Portici 80055, Italy;
https://www.docenti.unina.it/francesco.giannino.

David Ginsbourger, Department of Mathematics and
Statistics, University of Bern. Alpeneggstrasse 22, 3012
Bern, Switzerland; www.ginsbourger.ch/.

Michael Goldstein, Department of Mathematical
Sciences, Durham University, Science Laboratories,
South Road, Durham DH1 3LE, UK;
www.dur.ac.uk/research/directory/view/?
mode=staff&id=459.

Hordur V. ) Haraldsson, Naturvardsverket,
Forskarensvag 5, Ostersund, 106 48 Stockholm, Sweden;
www.naturvardsverket.se.

D.M. Hargreaves, Faculty of Engineering, The
University of Nottingham, University Park, Nottingham,
NG7 2RD, UK.
www.nottingham.ac.uk/engineering/people/david.hargrea
Ves.

L.D. Danny Harvey, Department of Geography and
Planning, University of Toronto, Sidney Smith Hall 100 St.
George Street, Room 5047 Toronto, Ontario M5S 3G3,
Canada; www.geog.utoronto.ca/people/faculty/harvey.
Stefan Hergarten, Karl-Franzens-Universitat Graz
Institut fGUr Erdwissenschaften, Heinrichstrasse 26/E07, A-
8010 Graz, Austria. http://geol43.uni-graz.at/.

David Leedal, Lancaster Environment Centre, Lancaster
University, Lancaster, LAl 4YQ, UK;
www.lec.lancs.ac.uk/people/David _Leedal/.

Colin Legg, School of Earth, Environmental and
Geographical Sciences, University of Edinburgh, Darwin



http://www.cgd.ucar.edu/staff/rfisher/
https://www.docenti.unina.it/francesco.giannino
http://www.ginsbourger.ch/
http://www.dur.ac.uk/research/directory/view/?mode=staff&id=459
http://www.naturvardsverket.se/
http://www.nottingham.ac.uk/engineering/people/david.hargreaves
http://www.geog.utoronto.ca/people/faculty/harvey
http://geol43.uni-graz.at/
http://www.lec.lancs.ac.uk/people/David_Leedal/

Building, King's Buildings, Mayfield Road, Edinburgh EH9
3JU, Scotland, UK; www.ed.ac.uk/schools-
departments/geosciences/people?
cw_xml=person.html&indv=554.

Bruce D. Malamud, Department of Geography, King's
College London, Strand, London WC2R 2LS, UK;
www.kcl.ac.uk/sspp/departments/geography/people/acad
emic/malamud/.

Stefano Mazzoleni, Dipartimento di Arboricoltura,
Botanica e PatologiaVegetale, Facolta di Agraria,
Universita di Napoli ‘Federico II’, via Universita 100,
Portici 80055, Italy;
WWwWw.ecoap.unina.it/doc/staff/stefano_mazzoleni.htm.

James D.A. Millington, Department of Geography,
King's College London, Strand, London WC2R 2LS, UK;
www.landscapemodelling.net/.

Mark Mulligan, Department of Geography, King's
College London, Strand, London WC2R 2LS, UK;
www.kcl.ac.uk/sspp/departments/geography/people/acad
emic/mulligan/.

Mark A. Nearing, USDA-ARS Southwest Watershed
Research Center, 2000 E Allen Rd, Tucson AZ 85719,
USA; www.ars.usda.gov/pandp/people/people.htm?
personid=4063.

Florian Pappenberger, European Centre for Medium-
Range Weather Forecasts, Shinfield Park, Reading RG2
9AX, UK; www.ecmwf.int/staff/florian_pappenberger/.

George L.W. Perry, School of Geography, Geology and
Environmental Science, University of Auckland, Private
Bag 92019, Auckland, New Zealand;
http://web.env.auckland.ac.nz/people_profiles/perry_g/.

Gian Boris Pezzatti, Insubric Ecosystem Research
Group, WSL Swiss Federal Research Institute, Bellizona,
Switzerland,;
www.wsl.ch/info/mitarbeitende/pezzatti/index EN.



http://www.ed.ac.uk/schools-departments/geosciences/people?cw_xml=person.html&indv=554
http://www.kcl.ac.uk/sspp/departments/geography/people/academic/malamud/
http://www.ecoap.unina.it/doc/staff/stefano_mazzoleni.htm
http://www.landscapemodelling.net/
http://www.kcl.ac.uk/sspp/departments/geography/people/academic/mulligan/
http://www.ars.usda.gov/pandp/people/people.htm?personid=4063
http://www.ecmwf.int/staff/florian_pappenberger/
http://web.env.auckland.ac.nz/people_profiles/perry_g/
http://www.wsl.ch/info/mitarbeitende/pezzatti/index_EN

Francisco Rego, Instituto Superior de Agronomia,
Centro de Ecologia Aplicada ‘Prof. Baeta Neves’ (CEABN),
Tapada da Ajuda, 1349-017 Lisboa, Portugal;
www.isa.utl.pt/home/node/350.

Philippe Renard, Centre d'Hydrogéologie, Université de
Neuchatel, Rue Emile-Argand 11, Case Postale 158, 2009
Neuchatel, Switzerland;
www?2.unine.ch/philippe.renard/page-1463.html.

Allan Seheult, Department of Mathematical Sciences,
Durham University, Science Laboratories, South Road,
Durham DH1 3LE, UK;
www.maths.dur.ac.uk/stats/people/ahs/ahs.html.

Harald Sverdrup, Department of Chemical Engineering,
Lund University, P.O.Box 124, S-221 00 Lund, Sweden;
www.chemeng.lth.se/DisplayHomePage.jsp?
UserlID=Haralds.

JuttaThielen, European Commission, DG Joint Research
Centre, Ispra, Italy; http://floods.jrc.ec.europa.eu/team.

Vera Thiemig, European Commission, DG Joint
Research Centre, Ispra, Italy;
http://floods.jrc.ec.europa.eu/team.

John B. Thornes, formerly of Department of Geography,
King's College London, Strand, London WC2R 2LS, UK.

Donald L. Turcotte, Geology Department, University of
California, One Shields Avenue, Davis CA95616-8605,
USA;
https://www.geology.ucdavis.edu/faculty/turcotte.html.
Mark ). Twery, USDA Forest Service, 705 Spear St,
South Burlington VT 05403, USA;
http://nrs.fs.fed.us/people/mtwery.

Peter van der Beek, Laboratoire de Géodynamique des
Chaines Alpines, Université Joseph Fourier, BP 53, 38041
Grenoble, France; http://lgca.obs.ujf-
grenoble.fr/perso/pvanderb/pvand eng.html.



http://www.isa.utl.pt/home/node/350
http://www2.unine.ch/philippe.renard/page-1463.html
http://www.maths.dur.ac.uk/stats/people/ahs/ahs.html
http://www.chemeng.lth.se/DisplayHomePage.jsp?UserID=HaraldS
http://floods.jrc.ec.europa.eu/team
http://floods.jrc.ec.europa.eu/team
http://www.geology.ucdavis.edu/faculty/turcotte.html
http://nrs.fs.fed.us/people/mtwery
http://lgca.obs.ujf-grenoble.fr/perso/pvanderb/pvand_eng.html

lan Vernon, Department of Mathematical Sciences,
Durham University, Science Laboratories, South Road,
Durham DH1 3LE, UK;
www.dur.ac.uk/research/directory/staff/?
mode=staff&id=3289.

Christian Ernest Vincenot, Biosphere Informatics
Laboratory, Department of Social Informatics, Kyoto
University, Kyoto 606-8501, Japan.

John Wainwright, Department of Geography, Durham
University, Science Laboratories, South Road, Durham,
DH1 3LE, UK;
www.dur.ac.uk/geography/staff/geogstaffhidden/?
id=9777.

Aaron R. Weiskittel, University of Maine, School of
Forest Resources, 5755 Nutting Hall, Orono ME 04469,
USA; http://forest.umaine.edu/faculty-
staff/directory/aaron-weiskittel/.

N.G. Wright, School of Civil Engineering, University of
Leeds, Leeds, LS2 9T, UK;
www.engineering.leeds.ac.uk/people/staff/n.g.wright.

Peter C. Young, Environmental Science, Lancaster
Environment Centre, Lancaster University, Lancaster,
LAl 4YQ, UK; www.es.lancs.ac.uk/cres/staff/pyoung/.

Xiaoyang Zhang, NOAA, World Weather Building, Suite
701, 5200 Auth Road, Camp Springs MD 20746, USA.



http://www.dur.ac.uk/research/directory/staff/?mode=staff&id=3289
http://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=9777
http://forest.umaine.edu/faculty-staff/directory/aaron-weiskittel/
http://www.engineering.leeds.ac.uk/people/staff/n.g.wright
http://www.es.lancs.ac.uk/cres/staff/pyoung/

