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Preface
God always forgives, man sometimes, nature never

Pope Francis

This book brings together systems theory and environmental science, by recasting environmental 
problems into a common system-theoretic methodology. In this way, simple models can be devel-
oped and new insights can be gained, which could not have been achieved otherwise. System theory 
is inherently a ‘reductionist’ discipline and its integration with the naturally ‘holistic’ environmen-
tal science at first was not easy. The first pioneering attempts at translating ecological principles into 
mathematical laws (Maynard Smith, 1974; Rinaldi et al., 1979) were met with a somewhat super-
cilious reaction by ecologists, who resented the intrusion of mathematicians (let alone engineers!) 
into their turf, and looked down on the attempt at translating ecological concepts into mathematical 
relations. Over the years, ego clashes have gradually receded and now mathematical modelling has 
become a well-established branch of ecology, in which this book is naturally set.

This book is about developing dynamical models of environmental processes, using a wide vari-
ety of mathematical methods. The first four chapters introduce the analytical tools for investigating 
environmental models and data. The emphasis is evenly balanced between the mechanistic and 
the data-driven approaches, assessing the merits and liabilities of both. Theory is introduced in its 
most accessible form and is applied to test cases based on first-hand data and experiences. While 
Chapters 1 and 2 deal with the basic concepts of modelling and identification, Chapter 3 deals with 
data processing, rarely considered in the environmental analysis, by introducing numerical tech-
niques to improve the quality of the data and to extract the information they carry, in the context of 
model building and verification. Chapter 4 introduces the basic concepts of fuzzy logic and applies 
them to the modelling of environmental systems. Chapters 5 through 7 apply these methodologies to 
specific aspects of environmental modelling: population dynamics, flow systems, and environmen-
tal microbiology. The last chapter (Chapter 8) combines the notions of the previous chapters into the 
analysis of several aquatic ecosystems’ case studies. 

I am quite aware of the limitations of this book, because it reflects my own research experience, 
and therefore it is strongly oriented towards the aquatic environment, while it completely disregards 
other equally important subjects such as air pollution, groundwater, or solid waste, simply because 
I never worked in those areas. 

Far from being a ‘theory’ book, its approach is eminently practical, in that every methodological 
aspect gives rise to a MATLAB® code. Nevertheless, this is not a recipe cookbook, but it takes the 
reader through a logical sequence from the basic steps of model building and data analysis to imple-
menting these concepts into working computer codes, and then into assessing their results. Who 
should read this book? Certainly anyone who is looking for an introduction of the mathematical 
approach to ecology, or anyone who wants to take a fresh look at known problems from a differing 
viewpoint. This book may represent a first encounter with mathematical modelling before going on 
to more advanced books in the specific field of interest. 

I have set up a quiver full of arrows. Then it is up to the archer to call the shots. As Figure 1 shows, 
this book spins a web of relations among system theory and environmental issues, moving from the 
predominantly methodological first four chapters to the more applicative subsequent part, where 
specific environmental problems are addressed. Clockwise from the top of Figure 1, Chapter 1 sum-
marizes the basic concepts of system theory for both linear and nonlinear models, while Chapter 2 
is devoted to model identification. Chapter 3 considers the data acquired from the field, how their 
quality can be improved and the embedded information extracted. Chapter 4 describes the fuzzy 
approach to modelling and data analysis, showing that fuzzy models in many cases have an advan-
tage over their mechanistic counterparts, and how the fuzzy approach can be profitably used for 
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xiv Preface

data analysis and diagnosis. While the first four chapters illustrate the methodological aspects of 
environmental systems analysis, the subsequent chapters apply them to specific environmental 
problems. Chapters 5 deals with population dynamics, from single species to food webs, with an 
emphasis on investigating the conditions for species conservation, or on  explaining unexpected 
behaviours like the catastrophic forest defoliation caused by the spruce budworm. Chapter 6 deals 
with flow modelling. Far from competing with hydraulic modelling, it considers some simple flow 
schemes, which provide the first level for aquatic ecosystem modelling. Chapter 7 introduces the 
basic concepts of environmental microbiology, both in the natural and man-made environment. 
I strived to show the similarities and the differences of microbial processes in either setting, without 
getting too much involved in the analysis of wastewater treatment systems, given the many excellent 
textbooks available in this area (Bastin and Dochain, 1990; Orhon and Artan, 1994; Olsson and 
Newell, 1999; Dochain and Vanrolleghem, 2001; Gujer, 2008). The final Chapter 8 is a wrap-up 
chapter, in which I discuss several case studies drawn from my own experience. 

It has been said that any scientific book is partly autobiographical, and this one is no exception. 
In fact, being near the end of my academic career, I felt the need to gather the lecture material that 
I have amassed in over 30 years of environment analysis teaching. Educating has been an exciting 
experience all along, because I was fortunate enough to teach students with differing backgrounds 
and brilliant minds, ranging from automation to environmental engineering, which resulted in a 
fruitful cross-fertilization. Class projects frequently became master theses, and sometimes pro-
duced journal papers, with the students’ involvement as co-authors. These mixed classes reflected 
my own mixed background, which blended my early electronic engineering training with the sub-
sequent commitment to environmental issues. I felt that I owed this book to generations of students, 
who have now become accomplished professionals, and from whom I still receive a constant flow 
of affection and gratitude. Now, when we meet at professional gatherings or just over a pizza, they 
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Model
identification

Chapter 3:
Data

analysis

Chapter 4:
Fuzzy

models

Chapter 5:
Population
dynamics
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Flow systems

analysis

Chapter 7:
Microbial
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and dynamics

Chapter 8:
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ecosystems

FIGURE 1 This book spins a web of relations (clockwise from the top) among system theory and environmental 
issues, moving from the predominantly methodological first four chapters to the more applicative subsequent 
chapters where specific environmental problems are addressed.
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love to reminisce over their student days and how much we enjoyed working together and learning 
together. This book is my token of gratitude for the endless affection and inspiration I have been 
receiving from them all.

All the material in this book has been intensively student-tested and the companion software 
has been honed through many critical reviews by cohorts of students. I have found that MATLAB 
is an ideal teaching, and learning, tool in that it provides a platform that makes the implementation 
of mathematical ideas into executable code very quickly. Unlike other more formal programming 
languages, such as Fortran or C/C++, which require setting up complex structures, in MATLAB 
the user can immediately translate the problem at hand into an executable code and get the results 
in no time. Many segments of the MATLAB code (referred to as scripts) are included in the boxes 
along the book to demonstrate the programming structure, while the complete software collec-
tion can be downloaded from the book web page in the CRC Press website and copied in the local 
hard disk. It is strongly suggested to maintain the original folder structure, with a master directory 
named ESA _ Matlab, in which each chapter folder contains the pertinent codes for that chapter, 
plus a ‘tools’ folder, which gathers all the utility functions common to all chapters. No installation 
is necessary, but once MATLAB is started, the master folder and its subfolders must be added on 
top of the MATLAB path. This software organization makes the path definition vital to retrieve the 
called functions. The exercises for each chapter have self-explanatory names and are referenced in 
the figure captions. Of course, this book should not be considered as a MATLAB primer, many of 
which are freely available in the web. So a certain basic MATLAB literacy is a prerequisite.

A brief clarification regarding an important mathematical notation. Throughout the book the 
imaginary unit is indicated by j, so that j j× = −1. There was an old joke circulating in the past say-
ing how you could tell a mathematician from and engineer. When asked about the imaginary unit, 
the mathematician would say i i× = −1, while the engineer would claim that j j× = −1, and this book 
goes for the latter, though MATLAB uses i. Additional material is available from the CRC Press 
Web site: http://www.crcpress.com/product/isbn/ 9781498706353. 

Stefano Marsili-Libelli
University of Florence, Italy

MATLAB® is a registered trademark of The MathWorks, Inc. For product information, please 
contact:

The MathWorks, Inc.
3 Apple Hill Drive
Natick, MA 01760-2098 USA
Tel: +1 508 647 7000
Fax: +1 508 647 7001
E-mail: info@mathworks.com
Web: www.mathworks.com
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