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 This book is devoted to the M.Sc. and fi rst year Ph.D. students reading for degrees 
in Environmental Change and Management, Sustainability, Ecological Economics, 
Environmental Management, Philosophy, Politics and Economics and taking part in 
similar programmes. It is aimed to provide an overview of a range of new methodo-
logical tools: environmentally extended input–output analysis   , multicriteria decision 
aid   , optimization, geographical information systems, life cycle assessment   , material 
fl ows    analysis    and modern applications of these tools to the most pressing today’s 
problems: assessment of sustainability   , climate change    and renewable energy   , loss 
of biodiversity   , global resource use    and sustainable waste    management, corporate 
sustainability and other relevant themes. 

 There have been textbooks published on Environmental and Resource Economics 
i.e. Turner, Pearce and Bateman (1994), Hanley and Shorgen (2001), Perman et al. 
(2003). All of them as well as this present text have their peculiarities: Perman et al. 
devote considerable attention to the environmentally extended input–output analysis 
covered in this volume   , however do not cover the important fi eld of multicriteria 
decision aid   . Turner, Pearce and Bateman was a groundbreaking text at the time 
but is a little bit out of date at the moment, it also involves a strong emphasis on 
monetisation and cost-benefi t analysis   , which is not shared by the author of the 
present volume. Hanley and Shorgen (2001) is more focused on market instruments 
and less on the systems perspective. 

 Several strong textbooks on Ecological Economics have been issued in the past, 
i.e. Daly and Farley (2004), which comprises chapters on macroeconomic theory 
(IS-LM model) and new ways of assessing sustainability    (ISEW) but doesn’t cover 
such important applied areas as corporate sustainability, renewable energy    or waste    
management and is more targeted at the US audience. Common and Stagl is pro-
bably the best available modern text in Ecological Economics however it is a bit 
too long for a semester course (592 pp) and although the text covers very relevant 
areas of environmental policies, the environmental effects of international trade, 
and involves two applied chapters on climate change    and biodiversity    loss, it does 
not discuss such methodological tools as multi-criteria decision aid or explore appli-
cations of principles of sustainability in the urban or corporate context, and is written 

   Introduction   



xviii Introduction

at a more elementary level, than e.g. Perman et al. (2003). Faber and Proops (1998) 
is a wonderful theoretical introduction to the fi eld, the book has a distinct philo-
sophical focus but does not have many practical applications and is a little bit out of 
date over 10 years after its publication. 

 The current text is designed to be a concise, crisp, and elegant guide packed with 
references for students with some background in economics, environmental science 
or mathematics aimed at developing their analytical skills required for redirecting 
our development path towards sustainability    in government, international organisa-
tions, academia, non-profi t sector and business. It builds on the idea that a signifi cant 
adjustment of the current economic theories is required, which was recently supported 
by the emerged world economic crisis, the climatic and biodiversity    crisis the world 
is currently facing and the enormously slow progress that has been made in the fi eld of 
reorientation of the global economy towards sustainability. We have chosen a positive 
approach for problem solving and strategic development, which is aimed at educating 
the future decision makers and business leaders. 

 The content of the book is envisaged to be the following: the fi rst part of the book 
is theoretical, it is designed to give the methodological background and the tools for 
subsequent analysis; the second part is devoted to the applications. 

 Chapter   1     presents the subject of ecological economics   , the interaction between 
the economic system    and the environment   ; Chap.   2     explores the ideas of material 
and energy    fl ows from the point of view of industrial ecology   ; Chap.   3     explores the 
ethical and world systems basis for sustainability    thinking; Chap.   4     looks at decision 
making    and the methods that could be used to support such processes, especially 
Multicriteria Decision Aid; Chap.   5     studies the concept of externalities and macro-
economic basis for environmental policy   ; Chap.   6     explores the potential of environ-
mentally extended input–output modelling for sustainability analysis; Chap.   7     looks 
at another important aspect of ecological economic analysis: macro assessment of 
sustainability, the method invented by the author of this book and essentially the 
application of multicriteria decision aid    to the dynamic comparison of periods in a 
performance of a country or a region. 

 Part two includes a chapter on the renewable energy   , biodiversity    assessment, 
sustainable cities   , regional waste    management, and Corporate Sustainability. 
The author felt that such a composition of subjects will give the students a holistic 
perspective on sustainability    issues. 

 I would like to express my sincere gratitude to Prof. David Orr for giving me the 
International Society for Ecological Economics membership as my 21st birthday 
present, my Ph.D. advisors Dr. Gerald Shalabin and Dr. John Powell, my parents, as 
well as Prof. John Proops, Prof. Beat Bürgenmeier, Prof. Robert Ayres, Prof. Jeroen 
van den Bergh, Prof. Peter Söderbaum, Prof. Joan Martinez-Alier and Prof. Bernard 
Roy for our discussions with them, their support and encouragement. I am parti-
cularly grateful to Dr. Barbara Cowell for carefully reading the manuscript and 
suggesting ways to improve the style. Chapter on sustainable cities    is written in 
collaboration with Prof. Irina Shmeleva, chapter on sustainable waste    management 
with Dr. John Powell. 



xixIntroduction

 I sincerely hope that the methods and ideas presented in this book are going to 
be taken on by the students and developed further by the next generation of econo-
mists. The students using this textbook will undoubtedly benefi t from reading the 
original scientifi c papers quoted in the literature reviews in respected chapters. 
I would highly encourage the interested readers to fi nd and explore the original 
sources. Each chapter in this book is designed in such a way that it could be read 
independently. All chapters taken together will give the reader a “bigger picture”, an 
interdisciplinary and holistic perspective on ecological economics and sustainability 
analysis as seen by the author. 

 Oxford    
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  Abstract   The fi rst chapter defi nes ecological economics as an interdisciplinary fi eld 
of research focused on the interactions between the economy and the environment. 
Major milestones in the history of ecological economics are identifi ed. Defi nitions 
from the founding fathers of ecological economics are given and key differences 
between the methods of environmental and ecological economics are explored. 
A conceptual graphical model of the economic system as seen by ecological 
economics is constructed. The model includes renewable and non-renewable 
resources, the recycling sector as well as major elements of the environmental 
system being affected by the economy. The chapter presents an overview of the 
applications of major ecological-economic methods to key ecological-economic 
problems according to the Scopus academic citation system. Major gaps in the 
literature are identifi ed.  

  Keywords   Ecological economics  •  Sustainability  •  Economic system  •  Problems  
•  Methods      

 Defi nitions

When he (she) starts to study ecological economics   , the student embarks on an 
exciting interdisciplinary journey, which will bring answers to important ques-
tions, help to understand the ecological-economic system    in all its intricacy and 
lead to new insights. Ecological economics emerged as a response to the pressing 
environmental problems of the twentieth century and the inability of neoclassical 
economic theory    to solve them or provide adequate explanations for the unprece-
dented decline in biodiversity   , the changing climate, increased generation of waste   , 
all caused by the pursuit of economic growth   . 

    Chapter 1   
 The Economic System and the Environment           



4 1 The Economic System and the Environment

 It is very natural to start such a journey with defi nitions by the pioneers: 
 Robert Costanza (Costanza  1989  )  defi nes the new interdisciplinary science in the 

following way:

   Ecological Economics addresses the relationships between ecosystems    and • 
economic systems in the broadest sense.    

 This very inclusive defi nition implies that the works on the Limits to Growth    
(Meadows and Club of Rome  1972  ) , the fi rst environmentally focused input–output 
studies (Leontief  1970  ) , the fi rst conceptual models where different material 
resources    were considered as important inputs to industrial processes (Ayres et al. 
 1970  )  all belong to the interdisciplinary fi eld of ecological economics   . 

 John Proops  (  1989  )  suggested a more detailed and elaborate defi nition, differen-
tiating (i) the scientifi c aims and problems and (ii) political and ethical issues:

    Scientifi c Aims and Problems 

   Establishing a historical perspective on social-natural interactions  • 
  Finding a common language and a set of concepts for the analysis of economies • 
and ecosystems     
  The area of intersection between natural science and social science     • 

   Political and Ethical Issues 

   As a forum and structuring for policy analysis     • 
  A framework for the ethical analysis of intertemporal and interspecies choice  • 
  The infl uencing of decision makers       • 

 According to this defi nition, such works as (Fischer-Kowalski  1998 , Fischer-
Kowalski and Hattler  1998  )  focusing on the historical dimension of the human 
appropriation of natural resources   , the interdisciplinary works on the ability of systems 
to return back to undisturbed states, which is also called “resilience” (Holling  1973  )  
and the works on means of taking nature into account when making decisions 
(Foster  1997  )  all form the fi rst pillar of ecological economics    according to Proops. 
Interestingly, Proops emphasises the second, transformative and interactive 
dimension of ecological economics, which is designed to be the policy forum for 
infl uencing decision makers. 

 Jeroen van den Bergh  (  2000  )  explicitly mentions all the constituent disciplines 
that interact to support ecological economics   :

   EE integrates elements of economics, ecology   , thermodynamics, ethics, and a • 
range of other natural and social sciences to provide an integrated and biophysical 
perspective on environment   -economy interactions, aimed at contributing to 
structural solutions to environmental problems.    

 This defi nition corresponds to the spirit of interdisciplinary works on the 
biosphere    (Vernadsky  1929  ) , shallow and deep ecology    (Naess  1973  ) , new 
ethical economics (Schumacher  1973  ) , and sustainable cities    (Shmelev and 
Shmeleva  2009  ) . 



5Ecological and Environmental Economics

 Ecological and Environmental Economics

Ecological economics has been critical of the mainstream for failing to educate 
future decision makers in the spirit of socially inclusive, environmentally sound and 
economically sustainable development   . Graduates of neoclassical economic 
departments continue to reproduce the logical errors of the theory in the real world, 
suggesting that unlimited economic growth    will cure all the problems of modern 
civilization, that one can simply export waste    to less developed countries and that 
one only needs to take into account the economic costs and benefi ts of climate 
change    and biodiversity    to make a decision on what to do and where to invest to 
tackle the problem. And although there were signifi cant fi gures in the neoclassical 
era, who brought the pure economic analysis to new heights, such as Alan Marshall, 
the twentieth century brought with it new challenges and required new methods to 
address them. 

 If one opens an introductory neoclassical textbook of economics one is most 
likely to see a diagram similar to the one depicted in Fig.  1.1 . It usually includes 
such agents as households, fi rms, government and foreign agents. In very advanced 
textbooks this diagram will have a box called “Nature” or ecosystems   , with the 
fl ows of materials and energy    emerging from it. The problem with this formulation 
is that the role of the environmental system as a support system for all processes 
carried out in the national economy    (agricultural production, mining, deposition 
of waste   ) is not represented accurately and the environment    is considered as a 
subsystem of the economy. Hence the attempts to apply economic valuation    to 
environmental phenomena, which constitute a logical error.  

 The vision of the world, which we can see in diagrams similar to Fig.  1.1  can be 
explained by the historical inheritance. In the nineteenth and even the beginning 
of the twentieth century, the world economy was operating in what Herman Daly 
 (  2000  )  called the “empty world”, depicted in Fig.  1.2 .  

  Fig. 1.1    Neoclassical view of the world       

 



6 1 The Economic System and the Environment

 We can see that the economy is small relative to the environment   ; the fl ows of 
resources    and energy    coming from the environmental system and deposited there as 
waste    are relatively low. At the same time the fl ow of welfare    that humans receive 
from the ecosystems    in terms of fresh air, forest walks, clean water and beautiful 
scenery is considerably more signifi cant than the fl ow of welfare derived from the 
economic system    in terms of products and services. 

 Since the 1960s the world has changed (Fig.  1.3 ). Fuelled by the idea of economic 
growth    and increased consumption, the economy grew tremendously to the point 
where the assimilative capacity    of the biosphere    has been reached and humans 
use very signifi cant amounts of energy    and materials, hindering the tendency for 
the environmental system to regenerate itself. Very often it simply has no time to 
regenerate, so rapid is the extraction of timber and other resources   . At the same time, 
the fl ows of materials and energy from the environment    to the economy and back 
to the environment become much more pronounced and the humans receive more 
welfare    from the stream of goods and services (TV sets, mobile phones, cars, etc.) 
than from the environment. The overexploitation of the natural world has led to 

  Fig. 1.2    “Empty” world, nineteenth and beginning of twentieth century       

  Fig. 1.3    “Full” world, 1960s onwards       
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increased CO 
2
     emissions    and climatic changes, destruction of ecosystems    and bio-

diversity,    which stabilise the climatic system as well as the excessive pollution    of 
the environment with waste   , which is ever more apparent in the developing world.  

 The logic of ecological economics    is that the world has changed tremendously and 
we need new conceptual tools to understand and manage the economic-environmental 
system. Ecological economists work across disciplines, building teams of experts 
and integrating knowledge to derive policy mechanisms, which help to prevent 
degradation and facilitate improvement. 

 By offering new methodological grounds, combining the advanced methods of 
environmentally extended input–output analysis   , multicriteria decision aid   , insights 
from ecology,    biology, psychology and sociology, ecological economics    aims to 
improve our understanding of sustainability    and help to steer our economies in 
that direction. 

 Often there is confusion about the differences between ecological economics    and 
the popular 1970s and 1980s school of environmental economics   . Although the main 
focus of the two disciplines is similar, and one understands the value of the concept 
of externality    and much of the analysis of environmental policy    tools such as envi-
ronmental taxes    and their applications, which was prominent within environmental 
economics community, ecological economics is closer to the heart of the author for 
a number of reasons. Table  1.1  highlights the main differences between ecological 
and environmental economics as presented by Jeroen van den Bergh  (  2000  ) .  

 Even if we focus here only on the most important ones, the differences will still 
be considerable. First of all, there is an explicitly long-term focus in ecological 

   Table 1.1    Differences between ecological and environmental economics    (Source: van den 
Bergh  2000  )    

 Ecological economics  Environmental and resource economics 

  1. Optimal scale   1. Optimal allocation and externalities 
  2. Priority to sustainability   2. Priority to effi ciency 
  3. Needs fulfi lled and equitable distribution   3. Optimal welfare    to Pareto effi ciency 
  4.  Sustainable development   , globally and 

North/South 
  4. Sustainable growth in abstract models 

  5. Growth pessimism and diffi cult choices   5. Growth optimism and “win-win” options 
  6. Unpredictable co-evolution   6.  Deterministic optimisation of intertemporal 

welfare 
  7. Long-term focus   7. Short to medium term focus 
  8. Complete, integrative and descriptive   8. Partial, monodisciplinary and analytical 
  9. Concrete and specifi c   9. Abstract and general 
 10. Physical and biological indicators  10. Monetary indicators 
 11. Systems analysis  11. External costs and economic valuation 
 12. Multidimensional evaluation  12. Cost-benefi t analysis 
 13.  Integrated models with cause-effect 

relationships 
 13.  Applied general equilibrium models with 

external costs 
 14.  Bounded individual rationality and 

uncertainty 
 14. Maximisation of utility and profi t 

 15. Local communities  15. Global market and isolated individuals 
 16. Environmental ethics  16. Utilitarianism and functionalism 
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economics;    the author would argue that it has multiple time scales, but because 
sustainability    is a dynamic long-term phenomenon, we need to concentrate on the 
long term issues of resource use   , accumulation of emissions   , technological transfor-
mations, and evolutionary perspectives. The prioritising of sustainability in eco-
logical economics corresponds to the prioritising of effi ciency in environmental 
economics   . The meeting of needs and equitable distribution in ecological economics 
is opposed to the optimal welfare    and Pareto effi ciency in environmental economics. 
Ecological economics focuses on physical and biological indicators whereas envi-
ronmental economics emphasises monetary measures. The principle of multicriteria 
evaluation    of ecological economics contrasts with the idea of cost-benefi t analysis    in 
environmental economics. The environmental ethics of ecological economics is a 
response to the utilitarianism and functionalism of environmental economics. 

 Systemic Vision

If we look at the more adequate descriptions of the interactions between the economic 
system    and the wider environment    depicted in Figs.  1.4 – 1.6  we notice signifi cant dif-
ferences from the worldview of the neoclassical approach, summarised by Fig.  1.1 .  
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  Fig. 1.4    Economic and environmental system (Adapted from       Common and Stagl  2005 )       

 



Energy

Waste
sink

Recycling

ConsumptionC

L
WW

I

Individuals

Production

Firms

Capital
stock

Resources

Amenities

Economic system boundary

Life
support
services

  Fig. 1.5    Economic and environmental system: more realism       
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 If we add the crucial elements of environmental resources    and waste    sinks, which 
the economic system    uses all the time, specify energy    as an external element to the 
system, arriving mostly in the form of solar radiation, and differentiate life support 
services and amenities, we can make an important step towards better understanding 
of the relationship between economic and environmental systems (Fig.  1.5 ).  

 If we complicate matters further and differentiate between renewable and non-
renewable resources   , introduce the energy    generation module, add recycling    as a 
subsystem of the economy, differentiate between emissions    to air, water and solid 
waste   , and introduce such elements as ecosystem health   , public health    and land 
use    (Fig.  1.6 ), we will increase transparency and bring our understanding of the 
ecological-economic system    to a new level.  

      Non-renewable Resources 

 Fossil fuels   , such as oil   , gas and coal    are still heavily used in the world economy. 
There are however signs that stocks are being depleted, the quality of the resources    
declines and the cost of extraction increases. Construction minerals, such as stone 
and clay are in relative abundance, whereas metals   , such as uranium, platinum, 
gold, copper, aluminium are in limited supply but are required for modern industrial 
processes; and the consumption of such materials is likely to grow. Sometimes 
shortage of one particular type of metal may result in the halting of the whole indus-
trial process. The processes for the mining and production of many metals require 
substantial use of water and energy    as well as resulting in considerable emissions   .  

   Renewable Resources 

 Renewable resources    such as forestry   , fi sh stocks and other types of biomass   , e.g. agri-
cultural crops can provide harvests indefi nitely if operated at sustainable levels. 
Unfortunately, fi sh stocks are being depleted, in the North-East Atlantic, the FAO (FAO 
 2009a    )  fl ags Atlantic cod and Haddock as ranging from exploited to depleted, Atlantic 
Salmon, Whiting, Trout are reported as ranging from fully exploited to depleted. Forest 
depletion is accelerating (FAO  2009  b  ) . Ecosystems    and biodiversity    continue to be 
depleted at an alarming rate (Millenium Ecosystem Assessment  2004  ) .  

   Energy Generation 

 Energy generation is distinguished as a separate element because it is one of the 
most important elements which drive the national economy and historically it has 
been the main source of climate-change-   related green-house gas (GHG) emissions   . 
By redesigning our energy    systems we could reduce our dependency on oil    in the 
long-run, and link ourselves with the natural forces of wind   , wave, and solar energy, 
thereby reducing the climate change impacts of our economic development   .  
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   Emissions and Waste    

 By explicitly considering emissions    and waste we are exploring the issues of resource 
recycling   , thereby saving energy    and, working with a smaller resource stock, 
minimising resource use   . Taking into account the effects of contaminating water 
and air with chemical pollutants    will help us understand the side effects of economic 
development    and especially its impact on the health    of the public and the state of the 
ecosystems    and of biodiversity   .  

   Land Use 

 By focusing on land use    we can explicitly take into account the spatial aspect of 
economic development    in the spirit of classical economists, looking at the value and 
productivity of land as one of the main types of capital. Land-use change   , urbani-
sation   , agricultural expansion and ecosystem degradation would be particularly 
relevant here. 

 Early History

The early history and evolution of ecological economics    as a discipline is very well 
captured by several important publications, among which is, of course, the fi rst 
issue of the journal, Ecological Economics, published in 1989. The fi rst publications 
introducing ecological economics published internationally were (Ayres et al.  1970 , 
Boulding  1966 , Georgescu-Roegen  1971,   1976 , Leontief  1970 , Proops  1983,   1989 , 
Stanfi eld  1983  ) ; and most importantly (Christensen  1989 , Common and Perrings 
 1992 , Costanza  1989,   1996 , Costanza and Daly  1987a,   b , Friend  1996 , Hourcade 
et al.  1992 , Martinez-Alier  1987 , McGlade  1990 , Munda  1997 , Norgaard  1989 , 
Pearce  1987 , Perrings  1986,   1995 , Turner et al.  1995  ) . I would argue that publications 
by Robert Ayres, Wassily Leontief, H. Odum, Robert Costanza, Herman Daly, 
Joan Martinez-Alier, Charles Perrings, John Proops and David Pearce were most 
infl uential in establishing the foundation of the new interdisciplinary fi eld. 

 Later publications, including the 10 year anniversary article by Robert Costanza 
(Costanza and King  1999  ) , as well as two articles by Inge Røpke on the history of 
ecological economics    (Røpke  2004,   2005  )  complete the overview of the beginnings. 

 Key Dimensions

Ecological economics evolved along a series of dimensions, the most important of 
which were the limits of economic growth    paradigm (Ayres  1998 , Boulding  1966 , 
Daly  1972,   1974a,   b,   1977,   1987,   1990,   2000 , Daly and Cobb  1989 , Shmelev and 
Rodríguez-Labajos  2009  ) ; the idea of incommensurability of values    and the use of 
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multiple criteria    methods in decision making    (Martinez-Alier et al.  1998 , Munda 
 1995,   2005a,   b  ) ; democracy    and institutional economics: (Söderbaum  1992,   1994, 
  1999,   2000,   2004  ) ; the use of energy    in economic analysis: (Cleveland et al.  1984 , 
Costanza  1980 , Costanza and Herendeen  1984 , Costanza and Neill  1984 , Georgescu-
Roegen  1971 , Huettner and Costanza  1982  ) . Equally prominent were the works on 
the analysis of interactions between the economic and environmental systems: 
(Ayres  1978 , Ayres and Kneese  1969 , Ayres and Simonis  1994 , Ayres et al.  1970 , 
Leontief  1970,   1977 , Leontief and Ford  1972  ) ; ecosystem services: (Costanza  2008 , 
Costanza and Mageau  1999 , Costanza et al.  1998,   2007  )  and interdisciplinary 
works, which included many regional applications to the issues of water, energy, 
resource use   , biodiversity   , and waste    management. 

 We can differentiate the ecological-economic problems the world is facing today 
on the basis of scale:

   Global

   Climate Change  • 
  Biodiversity Loss  • 
  International Trade and the Environment  • 
  Sustainable Water Management     • 

  National

   Sustainability at the Macro Scale  • 
  Industrial Ecology     • 
  Renewable Energy     • 
  Sustainable Transport     • 
  Responsible Consumption     • 
  Land Use Change  • 
  Ecosystem Health        • 

  Regional/local

   Sustainable Cities     • 
  Green Business     • 
  Waste management     • 
  Sustainable Planning  • 
  Eco Design          • 

 In order to analyse the often complex multi-stakeholder    and multi-system 
problems we need to use a range of sophisticated methods, which have evolved over 
the course of the past 50 years. These methods include:   

   Key Methods 

    Systems Analysis     • 
  Environmental Accounting     • 
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  Environmentally Extended Input–output Analysis  • 
  Energy Analysis  • 
  Systems Dynamics     • 
  Simulation Modelling  • 
  Multicriteria Assessment  • 
  Agent-Based Modelling  • 
  Material Flows Analysis     • 
  Life Cycle Analysis     • 
  Environmental Valuation  • 
  Optimization     • 
  Ecosystem Services Analysis  • 
  Evolutionary Analysis  • 
  Stakeholder Analysis     • 
  Quality of Life Analysis  • 
  Citizen’s Jury    • 

 These lists may be incomplete, but they give the reader an adequate view of the 
methods of ecological-economic analysis which are applied today at the cutting 
edge of the sustainability    science. 

 Figures  1.7 – 1.11  offer snapshots of the problems and the methods by which they 
are usually tackled in ecological-economic analysis. We can see that environmentally 
extended input–output analysis    has been most frequently applied in order to address 
the issues of international trade and the environment   , sustainable water use, responsible 

  Fig. 1.7    Problems addressed with the help of environmentally extended input–output analysis    
(Source: Scopus)       
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  Fig. 1.8    Problems addressed with the help of systems dynamics    approach (Source: Scopus)       

  Fig. 1.9    Problems addressed with the help of life cycle analysis    (Source: Scopus)       
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  Fig. 1.10    Problems addressed with the help of multicriteria decision aid    (Source: Scopus)       

  Fig. 1.11    Ecological-economic problems addressed with the help of optimization tools (Source: 
Scopus)       
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consumption, waste    management and general issues of environment and planning 
(Fig.  1.8 ). The systems dynamics    methodology has been most often used in sustainable 
water management    (Fig.  1.8 ). Life cycle analysis    has been frequently used in 
eco design, waste management   , sustainable water management and responsible 
consumption (Fig.  1.9 ). Multicriteria decision aid is frequently used in the areas of 
water management, sustainable transport    and biodiversity    assessment (Fig.  1.10 ). 
Optimization    is used in sustainable water management, eco-design, renewable energy   , 
and waste management applications (Fig.  1.11 ). Such a diagrammatic “clustering” 
of the problem/method fi eld can be very useful in identifying gaps in the literature 
and directions of further research.           
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Abstract This chapter is devoted to the conceptual foundations of industrial  ecology, 
an interdisciplinary field that draws parallels between the natural world of organisms, 
their use of energy and resources and the interactions between them and the world of 
enterprises that also interact, use energy and resources and differ from natural entities 
in peculiar ways. The subject of biogeochemical cycles, underpinning the ideas of 
industrial ecology is introduced alongside three major analytical methods which can 
be used to study the environmental effects of economic interactions: those of life 
cycle analysis, material flows analysis and environmentally extended input–output 
analysis. A series of diagrams illustrates the global distribution of material flows of 
a particular kind or the differences between industrial and ecological systems.

Keywords  Industrial ecology • Life cycle assessment • Material flows analysis 
• Environmentally extended input–output analysis • Biogeochemical cycles

Biogeochemical Cycles

The problem of biogeochemical cycles was first addressed by Vladimir Vernadsky 
(1924, 1926, 1929, 1940). His discoveries later formed the basis for Earth Systems 
Science. The most important cycles that have been studied in great detail are those 
of Carbon (C), Nitrogen (N), Phosphorus (P), Sulphur (S), described extensively in 
(Ayres 2002).

The understanding of the Earth system as a complex self-regulating, non-linear 
entity composed of various subsystems leads to other important works in the field: 
(Ayres 1978, Ayres et al. 1970,  Lovelock  1972,  Margulis  and  Lovelock  1978, 
Moiseev 1978, Moiseev et al. 1983, 1985). Much success in interdisciplinary 
research into what was later to become global sustainability can be attributed to the 
special role of the International Institute for the Applied Systems Analysis (IIASA) 
located in Laxenburg, Austria. The institute brought together scientists from across 
the globe to collaborate on Earth Systems Science and complexity.

Chapter 2
Industrial Ecology: Material and Energy  
Flows, Life Cycle Analysis
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Industrial Ecology

The concept of industrial ecology emerged in several places independently, which 
is excellently described in two historical overviews of the development of this field 
(Fischer-Kowalski 1998, Fischer-Kowalski and Hattler 1998). The idea of industrial 
ecology was first proposed by Watanabe in a project, devoted to the study of resource 
dependency in the Japanese economy (Duchin and Hertwich 2003), and a little later 
Robert Ayres independently developed the principles of this emerging discipline 
(Ayres 1978, Ayres and Ayres 2002, Ayres and Simonis 1994). The latter has been 
one of the true pioneers in the field of the analysis of economy-environment interac-
tions: a formal mathematical framework for tracing residual flows in the economy 
was offered in (Ayres and Kneese 1969), ideas of a stationary state economy were 
explored in (Ayres and Kneese 1971), the ideas on the interaction between the econ-
omy and the environment resulted in a fundamental treatise (Ayres et al. 1970). 
These ideas were clearly influenced by the work of Wassily Leontief in the field of 
input–output analysis in the USA economy (Leontief 1936, 1949, 1952), and more 
especially by the environmentally extended applications of the input–output analy-
sis which appear in (Leontief 1970, 1974, 1977a). Leontief built a conceptual link 
between the structure of the economy and the interdependent economic sectors and 
the environmental impacts of economic activity, namely air pollution.

Industrial ecology draws parallels between the ecological webs of the natural 
world and the economic webs of corporations and consumers (Table 2.1).

In the comparison between the biological and industrial organisms from the point 
of view of their resource and energy transformation the following conclusions are 

Table 2.1 Biological and industrial organisms (Source: Graedel and Allenby 2002)

Biological organisms Industrial organisms

Are able to act independently (differ in their 
degree of independence)

Independent actors (use and transform 
resources)

Use energy and material resources (transform 
resources into new forms, suitable for use, 
generate heat from the rest, and release 
residues).

Yes (residues of energy and materials are 
emitted into the environment)

Are able to reproduce themselves (life time  
and numbers of offspring vary)

Reproduction is not the purpose (creation 
of a product is). They do reproduce, 
however it is a function of specialised 
external agents

React to external impacts (temperature, 
humidity, availability of resources, potential 
partners for reproduction)

Yes (react to availability of resources, 
potential clients, prices, etc.)

All multicellular organisms are developing 
from a single cell and pass through several 
stages of development

Not really. Most plants and companies do 
evolve, but they do not follow a 
systematic and predictable sequence of 
life stages of biological organisms

Have a fixed life time Yes, this property can be observed
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drawn (Graedel and Allenby 2002): both can act independently, but differ in their 
degree of independence; both are using energy and materials and emit residues into 
the environment; reproduction is a unique property of biological organisms, which 
is not the purpose of industrial organisms, for which the creation of the product is a 
goal; they both react to external influences (temperature, humidity and the  availability 
of resources, potential partners for reproduction for biological organisms and avail-
ability of resources, prices, potential clients for industrial organisms); biological 
organisms pass through several stages of development, which to some extent can be 
applicable at the industrial level (start-ups, industry pioneers, multinationals) and 
they both have a fixed lifetime.

On the other hand, the energy flows passing through both types of organisms 
 differ in some way (Figs. 2.1 and 2.2).

The energy flows coming through the food-chain in the ecological and industrial 
systems also differ (Figs. 2.3 and 2.4).

The differences are largely due to the way energy is used and transformed 
(Figs. 2.3 and 2.4). Industrial ecosystems by contrast with ecological systems require 
external energy at every stage of the production process from primary producer to 
tertiary consumer, whereas in ecological systems, the upper levels of the food chain 
consume energy embodied in the organisms of the lower levels.

Three major methods are used to deal with the physical interactions between 
the economy and the environment. They are: life cycle analysis, focused at the 
level of product, a production line or a region; material flows analysis, usually 
focused at the level of the national economy or a region and the environmentally 
extended input–output analysis, which provides the connection between physical 
interactions and economic interdependencies. We will consider each of these 
methods in turn.

Energy Flows in an
Organism in
Biological Ecology

R

P D

B

S

A

I

NU

B   - biomass
S   - storage
D   - development
R   - respiration
NU - not used
P    - production
A    - assimilation
I     - intake

Fig. 2.1 Energy flows in a biological organism
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Life Cycle Analysis

Life  cycle  analysis  or  life  cycle  assessment  was  introduced  by  the  International 
Organization for Standardization within its 14,000 set of environmental manage-
ment standards (International Organization for Standardization 2007):

Life Cycle Assessment (LCA), Fig. 2.5, is a technique for assessing the potential 
environmental aspects and potential aspects associated with a product (or service), by:

compiling an inventory of relevant inputs and outputs,• 
evaluating the potential environmental impacts associated with those inputs and • 
outputs,
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and other
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plants
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carnivore

remains
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materials

lost
materials
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Plankton

Primary
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mineral
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Fig. 2.3 Biological food chain (Sea) (Adapted from Graedel and Allenby 2002)
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Fig. 2.2 Energy flows in an industrial organism (Adapted from Graedel and Allenby 2002)
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interpreting the results of the inventory and impact phases in relation to the • 
objectives of the study.

The analysis usually consists of four main stages:

 1. Initial phase: setting the system boundaries, defining the problem and establish-
ing an inventory of important parameters.

 2. Inventory Phase: a detailed description of raw materials and energy inputs used 
at all points and emissions, effluent and solid waste outputs.
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Data
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wire

lost
materials
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and other
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lost
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Fig. 2.4 Industrial food chain (Adapted from Graedel and Allenby 2002)
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Examples of output are resource depletion (e.g. material and energy), pollutant 
emissions and discharges of chemical or physical load (e.g. substances, heat, 
and noise).

 3. Impact Assessment Phase: relating the identified inputs and outputs to the 
 environmental impacts (often called Life Cycle Impact Assessment). It involves 
the following components (the first three are mandatory, the others optional):

Selection of impact categories, category indicators and characterization mod-• 
els. Impact categories are selected and defined with respect to the goal and 
scope of the LCA.
Assignment of LCI results (Classification). The environmental loads are clas-• 
sified according to the impact categories. (Some environmental loads belong 
to more than one impact category.)
Calculation of category indicator results (Characterization). The category • 
indicator is modelled for the different environmental loads which cause envi-
ronmental impacts e.g. the Global Warming Potential.
Normalisation. Expressing category indicators relative to a standard e.g. tonne • 
of CO

2
 equivalent.

Grouping. Sorting and possibly ranking of impact categories.• 
Weighting. Expressing the (subjective) importance of an impact category: • 
often the categories are sorted by theme or damage category.
Data Quality Analysis. Understanding the reliability of the indicator results.• 

 4. Improvement Phase: using information obtained in analysis to improve overall 
environmental performance.

Substantial ecological economic literature has been devoted to the methodology 
and applications of life cycle analysis: (Ayres 1995, Ayres and Martinas 1992, Ayres 
et al. 1998, Azapagic and Clift 1999, Bengtsson 2001, Bouman et al. 2000, Boustead 
1993, Carlson et al. 1998, De Udo Haes 1999, Fava 1997, Guinée and Heijungs 
1993, Guinée et al. 1993, Haes et al. 2004, Hanssen and Asbjørnsen 1996, Heijungs 
and Guinée 1993, Heijungs and Suh 2002, 2006, Reinout Heijungs and United 
Nations Environment Programme 1996, Tukker et al. 1997).

Material Flows Analysis

Following the organisation of the United Nations System of National Accounts 
(United Nations 1947, 1953, 1968, 1993b, 2009) and the research started in the 
early works by Robert Ayres and colleagues in the USA (Ayres 1978, Ayres and 
Simonis 1994), Ayres et al. 1970, Konstantin Gofman in USSR (Gofman 2007) and 
Ernst von Weizacker in Germany (Weizsäcker and Club of Rome 1998) material 
flows analysis took shape over the course of the past 40 years and was formalised in 
an United Nations System of Environmental and Economic Accounting (United 
Nations 1993a, 2003) and later in the European Environmental Agency document 
on MFA (EEA 1999).
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The main features of the method (Fig. 2.6) are the aggregate approach to 
resource use accounting and the differentiation between domestic and imported/
exported flows. An additional feature, prominent in the material flows analysis is 
usually referred to as indirect flows or unused fraction, the by-product of the min-
ing and quarrying activity. The material throughput and material accumulation 
(net addition to stock) are complemented by recycling, aimed at a reduction in 
material  throughput and energy use and an increase in the resource efficiency of 
the economy.

The author of this book was involved in 2003–2004 in the development of the 
Global Material Flows Database, which, following the European guidelines 
expressed in (EEA 1999), comprised an eight-level classification of materials 
extending to 400 positions at the 8th level for all countries of the world for the 
period 1980–2003 (Fig. 2.7).

A good example of the power of the global Material Flows Database might be 
the GIS based diagram shown in Fig. 2.8. The diagram depicts the world domestic 
extraction of the biomass item, Blueberries. Such an exotic example nevertheless 
allows us to assess the extraction of a very specific type of biomass across the 
globe and find the leading producing nations: Canada, USA, Poland, Romania, 
the Netherlands, etc.

While the first two levels of classification are represented by a natural system 
of inputs, outputs and net addition to stock (Table 2.2), the methodology for the 
output side of the method has only just been finalised in the European Union 
more than 10 years after the publication of the input accounting methodologies 
(Table 2.3).

Input

Domestic Extraction:
(net addition to stock)

(per year)

Material accumulation

Material throughput

Imports Exports

Recycling

To nature:

Fossil fuels

Biomass

Minerals

Unused domestic
extraction

Unused domestic
extraction

Indirect flows
associated to

imports

Indirect flows
associated to

exports

Dissipative use

Water landfilled
Emissions to water

Emissions to air

Economy Output

Fig. 2.6 Material flows analysis conceptual framework
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Table 2.3 Global material flows analysis, input and output, levels 2, 3 and 4, Eurostat and Shmelev, 
2004–2010

Item 4_ID Item 2 Item 3 Item 4

1 Domestic extraction Fossil fuels Hard coal
2 Domestic extraction Fossil fuels Lignite/brown coal
3 Domestic extraction Fossil fuels Crude oil
4 Domestic extraction Fossil fuels Natural gas
5 Domestic extraction Fossil fuels Natural gas liquids
6 Domestic extraction Fossil fuels Peat for energy use
7 Domestic extraction Minerals Metal ores
8 Domestic extraction Minerals Industrial minerals
9 Domestic extraction Minerals Construction minerals
10 Domestic extraction Minerals Industrial and construc-

tion minerals
11 Domestic extraction Biomass Biomass from agriculture
12 Domestic extraction Biomass Biomass from forestry
13 Domestic extraction Biomass Biomass from fishing
14 Domestic extraction Biomass Biomass from hunting
15 Domestic extraction Biomass Biomass from other 

activities
16 Domestic extraction Fossil fuels Other fossil fuels
17 Domestic extraction Minerals Other minerals
18 Domestic extraction Biomass Other biomass
19 Waste and emissions Emissions to air Carbon dioxide (CO

2
)

20 Waste and emissions Emissions to air Methane (CH
4
)

21 Waste and emissions Emissions to air Dinitrogen oxide (N
2
O)

22 Waste and emissions Emissions to air Nitrous oxides (NO
x
)

23 Waste and emissions Emissions to air Hydroflourcarbons 
(HFCs)

24 Waste and emissions Emissions to air Perflourocarbons (PFCs)
25 Waste and emissions Emissions to air Sulphur hexaflouride
26 Waste and emissions Emissions to air Carbon monoxide (CO)
27 Waste and emissions Emissions to air Non-methane volatile 

organic compounds 
(NMVOC)

(continued)

Table 2.2 Global material flows analysis, top two levels, Shmelev, 2004

Material flows

Item2_ID Item1_ID Item2

1 Input Domestic extraction
2 Input Imports
3 Output Waste and emissions
4 Output Dissipative use of products and dissipative losses
5 Output Exports
6 Net addition to stock Physical stocks
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Environmentally-Extended Input–Output Analysis

These ideas were clearly influenced by the work of Wassily Leontief in the field of 
input–output analysis in the USA economy (Leontief 1936, 1949, 1952), and espe-
cially by the environmentally extended applications of the input–output analysis to 
appear in (Leontief 1970, 1974, 1977a). Leontief built a conceptual link between 
the structure of the economy and the interdependent economic sectors and the envi-
ronmental impacts of economic activity, namely air emissions.

Table 2.3 (continued)

Item 4_ID Item 2 Item 3 Item 4

28 Waste and emissions Emissions to air Sulphur dioxide (SO
2
)

29 Waste and emissions Emissions to air Ammonia (NH
3
)

30 Waste and emissions Emissions to air Heavy metals
31 Waste and emissions Emissions to air Persistent organic 

pollutants POPs
32 Waste and emissions Emissions to air Particles (e.g. PM

10
, 

Dust)
33 Waste and emissions Waste landfilled Municipal waste
34 Waste and emissions Waste landfilled Industrial waste
35 Waste and emissions Emissions to water Nitrogen (N)
36 Waste and emissions Emissions to water Phosphorus (P)
37 Waste and emissions Emissions to water Heavy metals
38 Waste and emissions Emissions to water Other substances and 

(organic) materials
39 Waste and emissions Emissions to water Dumping of materials at 

sea
40 Dissipative use of products 

and dissipative losses
Dissipative use of 

products
Organic fertiliser 

(manure)
41 Dissipative use of products 

and dissipative losses
Dissipative use of 

products
Mineral fertiliser

42 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Sewage sludge

43 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Compost

44 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Pesticides

45 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Seeds

46 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Salt and other thawing 
materials spread on 
roads

47 Dissipative use of products 
and dissipative losses

Dissipative use of 
products

Solvents, laughing gas 
and other

48 Dissipative use of products 
and dissipative losses

Dissipative losses Dissipative losses
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Different countries started to develop input–output tables after the publication of 
the first balance of the national economy of the USSR and its subsequent criticism 
by Leontief. Tables for USA (1919, 1929, and 1947) followed. Later Norway (1948), 
the Netherlands (1948), Japan (1951) and the UK (1954) joined the process. With a 
little delay, Hungary (1957), Poland (1957), USSR (1959) and Brazil (1959) continued 
the trend. The resolution of the input–output tables varied significantly: if the first tables 
for the USA contained 44 and 41 sectors respectively, the Netherlands – 35 sectors; 
it was soon realised that increasing the amount of detail allows  unprecedented capacity 
to understand and manage the complexity of intersectoral linkages. Subsequently tables 
for the USA included 400 sectors, Japan – 399 sectors; Estonia – 239 sectors; Lithuania 
– 239 sectors; Belorussia (500 sectors).

The first tables to appear in the USSR after WWII, including the tables for 
Estonia, Latvia  and Lithuania  (239  sectors,  1961),  have been described  in  Jasny 
(1962) and Kossov (1964). The first Dutch input–output tables to appear have been 
reviewed by Rey and Tilanus (1963), the first international comparative analysis of 
the economies of the USA, Japan, Norway, Italy, Spain using input–output tables 
was offered by Simpson and Tsukui (1965).

Environmentally extended input–output applications started to develop in the 
1970s  following  the  original  publication  by  Leontief  and  covered  the  following 
issues: energy and the environment (Carter 1974, 1976, Gay and Proops 1993, 
Herendeen and Tanaka 1976, Park 1982, Polenske and Lin 1993, Proops 1977, 1984); 
materials balance and materials flows (Duchin 2004, Giljum 2004, Hoekstra 2005, 
Suh 2009, Tukker et al. 2009); water (Anderson and Manning 1983, Dietzenbacher 
and Velázquez 2007, Lenzen 2009, Lenzen and Foran 2001, Wang and Wang 2009, 
Wang et al. 2005); waste (Duchin 1990, 1994, Kondo and Nakamura 2005, Leontief 
1977b, Nakamura 1999, Nakamura and Kondo 2002, 2006) and environmental pol-
icy analysis (Gutmanis 1975). The UN global model project has significantly stimu-
lated interest to the analysis of the environmental consequences of economic 
development and effects of technological innovation (Ayres and Shapanka 1976, 
Carter and Petri 1979,  Leontief  1977c,  Leontief  and  Duchin  1986, Petri 1977). 
Substantial projects focused on the application of input–output analysis to national 
economies for policy analysis have been started in various countries including the 
UK (Barker 1981, Barker et al. 1980, Stone 1984). Dynamic input–output analysis 
has become one of the most interesting subjects of economic research (Duchin and 
Szyld 1985, Raa 1986, Vogt et al. 1975). Environmentally extended input–output 
analysis of the changes in the world economy has been carried out by (Duchin 1986, 
Fontela 1989, Leontief  and Duchin 1986, Schäfer and Stahmer 1989). Later,  this 
framework was extended to include material flows (Duchin 2004), other pollutants 
(Duchin 1994, 1998) and different types of waste (Nakamura 1999). The most recent 
applications of extended input–output analysis today include an environmental key 
sector analysis by (Lenzen and Foran 2001), and econometric extended-input–output 
models of the UK and the European Union (Barker et al. 2007a, b).

The methods introduced in this chapter will be used in Chaps. 6, 7 and 11. As 
always, the interested reader is strongly advised to find and read the papers men-
tioned in this and subsequent chapters.
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Abstract Because environmental problems usually manifest themselves on a 
global scale, global modelling tools are needed to study them and to design possible 
solutions. Starting from a concept of global biogeochemical cycles, proposed by 
Vernadsky, through a series of insights provided by the modellers, such as Moiseev, 
Naess, Lovelock, the chapter approaches the criteria for judging global models. 
Several major contributions to the global modelling literature are reviewed and 
models are compared on a range of parameters, such as the most frequently used 
modelling technique, the presence of the time dimension, the treatment of population 
change, energy, agriculture, prices, trade and environmental pollution. Drawn from 
the experience of D. Meadows and accompanied by the charts, depicting various 
dimensions of EU development on the regional scale, this chapter is designed to 
introduce the subject of global modelling to readers, who will find a plethora of 
additional literature focused on this subject following the references provided.

Keywords  Global  modelling  •  Pollution  •  Systems  dynamics  •  Optimization  
• Input–output

Vladimir Vernadsky and “Geochemistry”

The study of environmental-economic interactions cannot avoid difficult issues of 
choice and the wider question of worldview, which either helps to live in harmony 
with the natural world or determines its destruction. One can search for the roots of 
environmental ethics in Chinese Dao thinking; however, if we concentrate on the 
twentieth century, there are several key figures we will need to explore. One of 
the first scientists to realise the role of humans as a geological force on our planet 
was the Russian geochemist Vladimir Vernadsky (1863–1945). Vernadsky became 
interested in global biogeochemical cycles and essentially started a new discipline of 
geochemistry in his book “Geochemistry” (Vernadsky 1924), which later evolved 
into Earth Systems Science. In his second major book, “The Biosphere” which, 

Chapter 3
The Big Picture Vision and the Environment: 
An International Perspective
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after being published in Russian was issued in French (Vernadsky 1929) Vernadsky 
explores the idea of the biosphere, first introduced by the Austrian geologist Eduard 
Suess. In his later writings (Vernadsky 1936) he explored the idea of the noosphere, 
the evolution of humanity’s scientific thought, which becomes so powerful with the 
modern discoveries of physics that it starts playing a leading role in the evolution of 
the Earth system (Lapo 2001).  The  first  full  English  translation  of  Vernadsky’s 
main work appeared in 1986 (Vernadsky 1986). Vernadsky was a member of 
the St Petersburg school, to which the soil scientist Vassily Dokuchaev (1846–1903) 
(Dokuchaev 1879) and the creator of the periodic table of chemical elements Dmitry 
Mendeleev (1834–1907) (Mendeleev 1869, 1871) also belonged.

Aldo Leopold and “Land Ethic”

The landmark figure in American environmental thought was Aldo Leopold, who in 
his book “Sand County Almanac” (Leopold 1949) expressed a great passion for the 
preservation of landscape and the change of emphasis on land as a commodity, 
which we owe to the community to which we belong. Aldo Leopold realised that 
resource management could cause damage to the wider environment and his 
Land Ethic demanded environmental management as a new form of more inclusive 
interaction with the land. Leopold viewed the ecosystem as a complex system, a 
pyramid of species, exchanging energy; and he thought that the goal of management 
should be to protect the integrity of the system (Norton 1990).

Rachel Carson and “Silent Spring”

The next major step in the development of ecological consciousness (Shmeleva 
2006) came in the form of a book “Silent Spring” (Carson 1962) by Rachel Carson, 
which focused on the use of chemicals in agriculture, especially DDT. It has been 
shown that, through agricultural use, mixing with water, the chemicals reach the sea 
and through the food chain appear as far from their origin as in the bodies of pen-
guins. The book attracted much media attention and proved highly influential for 
the environmental movement.

Donella and Dennis Meadows and “Limits to Growth”

Donella Meadows and Dennis Meadows at MIT explored the idea of the carrying 
capacity of the earth and bridged the gap between mathematical modelling and ethics 
by offering a conceptual foundation for large scale systems analysis (Meadows and 
Club of Rome 1972, Randers and Donella 1972). These works were a major step 
towards initiating a serious scientific discussion on the carrying capacity of the earth, 
the limits to unconstrained economic growth, causing depletion of resource stocks, and 
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Box 3.1 Global Modelling Questionnaire

1. The purposes and goals of global modelling

What are the main problems (what is the single most important problem) a 
global model should try to analyse? To what extent can global modelling 
serve this purpose?

What are the specific features of goal-setting in a global modelling 
effort?

How should normative aspects interrelate with descriptive aspects? 
What should be the predictive value of a global model? Under what 
conditions? If no absolute prediction is possible, how should the model be 
put to use?

What kind of ‘global goal function’ could be conceived or what other 
possibilities of representation of goal-seeking behaviour do you see in global 
modelling?

How would you proceed if you had (a) limited resources or (b) (practically) 
unlimited resources to spend on global modelling work?

What  services  might  (will)  global  modelling  be  able  to  render  in  the 
future?

What services not?

2. Methodology

Given the purposes spelled out under part 1, what are the consequences with 
respect to methodology? For model structure? For mode of model use? How 
far do certain methodologies reflect/determine certain world views?

In particular:

How should aspects be handled that one knows to be important but about • 
which one lacks data or knowledge of relations (for example environment 
or ‘the human factor’)?
Many modellers have rather uncritically used cross-sectional, static data to • 
estimate what are essentially longitudinal, dynamic relationships. Do you 
perceive this as a major problem? Are there strategies for getting around it 
or must we live with the constraint of insufficient time-series data?

(continued)

environmental pollution. The sequels, (Meadows 1992, 2005) provide an update on 
the modelling and conceptualisation issues related to global sustainability analysis.

In her book “Groping in the Dark” (Meadows 1982) Donella Meadows developed 
a useful set of questions referring to global modelling which it seems would be 
appropriately cited here. This questionnaire was distributed among the leading 
global modellers of the time and provides an invaluable help in creating all kinds of 
conceptual models of the world: mathematical, verbal and structural, with a systems 
approach in mind.
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Box 3.1 (continued)

How can non-material needs be represented?• 
How can physical constraints be best treated (limiting values, for • 
example the proportion of carbon dioxide in the atmosphere, the rate of 
heat dissipation, etc.)?
How should the price system be taken care of?• 

3. Actors, policy variables

Who are (a) the actors in the model whose behaviour is endogenously modelled, 
(b) the actors steering the model, and how are they represented?

How does the model handle policy variables? Does the model assume that 
policies remain constant unless specific policy intervention is made during the 
course of the run? Or does the model automatically change policy variables 
during the course of a run, thus giving the appearance that problems have 
vanished without any specific action on the part of national leaders? What 
policy options can the model test?

How do the model policy options relate to the policy options and choices 
being made by leaders today? How many of the policy variables correspond 
to policy alternatives that political decision makers can actually select, given 
their power, and how many are of a more abstract, synthetic nature?

How should political constraints of an institutional kind be tackled 
methodologically?

What do the structural equations depict in terms of goals of actors?
How do the actors interact?

4. Structural aspects

Regarding past modelling efforts, could one have arrived at the same results 
(i) with a smaller model or (ii) with a different model (approach)?

Have you developed a formalism by which to decide what to leave out of 
a model?

Have you made any effort, after the model was constructed, to compress 
and simplify its essence in a form that would allow for understanding rather 
than simply complex explanation? What insights does the model yield that 
would not have been available through other means of analysis?

How is consistency among regions guaranteed?
How does the model represent the fact that actors adapt to changes?
How should changes in structural relationships be considered? How 

should technological progress/technological change be represented? What 
other types of structural relationships are important in this context? Could 
‘structure sensitivity analysis’ help to answer these questions?

Should a model be set up as a one-time venture or should it deliberately be 
designed in a modular fashion, flexible enough to adapt to new insights and/
or new policy questions? How can such flexibility be ensured?

(continued)
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Box 3.1 (continued)

5. Testing the model

Which aspects of your model do you have much confidence in and which 
aspects do you have less confidence in? Which aspects of your model require 
the most subjective judgement? Which aspects are the most concrete? What 
kind of errors are to be expected (size and frequency)? What assumptions in 
your model are you least certain about?

What provision have you made to take the uncertainty of the parameters 
into consideration and the uncertainty in the data and in the structural 
equations? Has your model produced sensible results when subjected to noise 
and larger disturbances?

How can one be assured that the model will correspond to reality (validation)?
How can one be assured that the model did correspond to reality (calibration)?
What is the role and purpose of sensitivity tests?

6. Internal organisation

How should global modelling work be organised?
How can consistency between subgroups be secured?
How should global modelling groups cooperate in the future?
What rules and procedures would you lay down to ensure that documen-

tation of the model is kept continuously up to date?
What are the best ways of interweaving with the scientific community at 

large?

7. Relations between modeller and user

Should an explicit client be identified at an early stage?
To what extent did clients participate in the work? What formats to 

communicate with the clients should be developed?
What can be done to help the client to avoid misunderstandings and to 

understand the strengths, weaknesses and limitations of the model?
Which clients need world modelling most? Which are most interested in 

world modelling?
Do you have recommendations on how to reduce ‘overselling’?

Global Modelling

Since the time of publication of the “Limits to Growth” several world laboratories 
have undertaken major projects on the modelling of the global system (Table 3.1). 
Among them the works on the Japanese FUGI model by Onishi (Onishi 1977, 2001, 
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2005, 2009); a South American normative Bariloche model (Gallopin 2001, Scolnik 
1979); the UK Government SARUM model (Roberts 1977), the UN world model 
developed by Leontief and his team (Leontief 1974, 1977a, b);  the  German 
GINFORCE model: (Lutz 2010, Lutz and Meyer 2009), and the Cambridge E3MG 
model (Koehler et al. 2006). Table 3.1 presents the outline of dominant approaches 
used in models of the world economy.

It should be mentioned that the scope of the models, their goals, the assumptions 
embedded in them, and the variables that are taken into account differ profoundly. 
Table 3.2 compares the models outlined above from the point of view of the aspects 
of reality reflected in them.

James Lovelock and “Gaia Theory”

James  Lovelock,  addressing  the  issue  of  criteria  for  existence  of  life  on  
other planets (Lovelock 1972, 1990, Lovelock and Whitfield 1982, Margulis 
and Lovelock 1978)  formulated a hypothesis of  the  self-regulating nature of  the 
biosphere, especially in the context of maintaining a certain concentration of 
greenhouse gases. These views resulted in a book “Gaia, a new look at life on earth” 
(Lovelock 1979), which has  since  seen many editions. The  formulation of  the 
Gaia hypothesis has met with a lot of criticism and opposition, although the idea is 
certainly very close to those of Vernadsky, Moiseev and the biogeochemistry school. 
The common themes were explored in the Biosphere and Noosphere Reader 
published by Routledge (Samson and Pitt 1999). More recent works on the subject 
include (Kleidon 2010, Worden 2010).

Nikita Moiseev and “Ecological-Economic Modelling”

Nikita Moiseev, working on the range of ecological-economic modelling prob-
lems (Moiseev 1978, 1982, 1994; Moiseev et al. 1983) drew on  the  theory of  the 
noosphere by V. Vernadsky. Writing in Russian, Moiseev explored the issues of 
interaction between the economy and the environment (Moiseev et al. 1985), global 
modelling (Moiseev 1988), and changing climatic conditions as a  result of a 
hypothetical nuclear conflict (Moiseev 1987b). Moiseev arrived at the conclusion 
that the Earth would become uninhabitable if nuclear weapons were ever employed 
on a large scale. This led to the development of Moiseev’s concept of the ecological 
imperative (Moiseev 1987a)  and  influenced  much  environmental  thinking  in 
the Russian-speaking world. His “Reflection on the Noosphere. Humanism of 
Our Time” written in English was published in the Biosphere and Noosphere Reader 
(Samson and Pitt 1999).
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Arne Naess and “Deep Ecology”

Arne Naess,  interestingly, working  in Norway on  similar  issues of mathematical 
modelling of conflicts arrived at similar conclusions and became an active proponent 
of a concept of deep ecology (Naess 1973, 1993, 2008).

Two  international  journals,  Environmental  Ethics  (started  in  1979)  and 
Environmental Values (started in 1992) provided a forum for the exchange of ideas 
on the ethical dimensions of environmental change, interaction between humans 
and the environment, the notion of sustainability and decision making.

The discussion on the notion and the ethical dimension of the sustainable devel-
opment concept accelerated after the World Summit on Sustainable Development in 
Rio  de  Janeiro  in  1992  (Beckerman  1994, Daly 1990a, b,  Pezzey  1992).  David 
Pearce  suggested  a  new  programme  of  Green  Economics  (Pearce  1992)  and  the 
discussion on sustainability continued (Common and Perrings 1992, Goodland and 
Daly 1996).

Incommensurability of Values

Incommensurability of values has been another hotly debated ethical issue over 
recent decades. It is generally accepted that “alternatives are incommensurable 
when they cannot be precisely measured along some common cardinal scale of units 
of value” (Aldred 2006). The idea was first introduced in (Griffin 1977) and later 
developed, debated and defended in (Adler 1998, Aldred 1994, 2002, 2006; Arrow 
1997, Attfield 1998, Holland 1994, Martinez-Alier et al. 1998, O’Neill et al. 2007, 
Vatn 2000). Using incommensurability of values as the guiding principle, the recent 
attempts to put a value on climate change effects by Stern Spash (2007)  and 
biodiversity (Spash 2008) have been criticised.

To  summarise  them:  the  ideas  of  holism  and  interdisciplinarity,  a  systems 
approach, developments in physics: the concept of the arrow of time and the second 
law of thermodynamics, the idea of the ecological imperative, of deep ecology and 
environmental stewardship, and of incommensurability of values, brought to econo-
mics from various neighbouring disciplines including philosophy, mathematics 
and physics, addressed logical inconsistencies of the theory and created a basis for 
the application of more sophisticated tools, including multicriteria decision aid 
(the  subject  of  next  chapter),  environmentally  extended  input–output  analysis 
(the subject of Chap. 6) and many other approaches.

Distribution of global GDP per capita (Fig. 3.1) gives us a global picture of 
inequalities in the levels of economic development existing in the world. There 
is  a  significant degree of  correlation between  the  level of GDP per capita and 
CO

2
 emissions per capita, which is largely related to the lifestyle choices people 

make  (individual  decisions)  and  the  technological  options  they  have  (group 
decisions).
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Spatial Element of Economy-Environment Interactions

In order to understand fully the causes of the unsustainability of our development 
mechanisms and trends and the necessary steps to transfer to the sustainable devel-
opment trajectory we need to understand another important element of economy-
environment  interactions:  the spatial element. By having big picture vision we 
create understanding of the global system and the patterns present in it: where major 
resources are extracted, where they are processed, where the final products tend to 
be consumed; which technologies of environmental protection are better for 
which geographical and climatic conditions, which lifestyle choices are available 
to people in different parts of the world, how sustainability might be embedded in 
the fabric of urban life in various corners of the world, how to make a global trans-
portation network more sustainable, how to resolve the conflict between the preser-
vation of ecosystems and biodiversity and poverty as well as the need for development, 
how to develop more environmentally sustainable modes of agricultural production 
and how to improve the social aspects of working in cities.

Analysis of land cover and land cover change (Fig. 3.2) could shed light on the 
economy-environment interaction in biomass-intensive sectors, such as agriculture 
and forestry, the dominant land-users in the national economy, as well as on urbani-
sation patterns and location choices for enterprises. Taking into account the location 
of valuable ecosystems should be a priority when designing new transport routes, 

Fig. 3.1  Distribution of global GDP
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carrying out  construction projects, managing waste. Also,  studying  the  spatial 
disaggregation at levels lower than the national helps us to understand the link 
between different aspects of the economy and causes of successful development 
(in Europe such regions are called NUTS, “Nomenclature of Territorial Units for 

Fig. 3.2 European land cover
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Statistics”). The quality of the regional statistics in the EU is constantly improving. 
Apart from the Gross Regional Product per capita (Fig. 3.3) one can see regional 
data for unemployment (Fig. 3.4), R&D expenditure (Fig. 3.5), Number of students 
in Higher Education (Fig. 3.6), and dominant sectoral structure (Fig. 3.7). All this 
data completes the picture obtained through information at the national level 
and might provide valuable insights into possible mechanisms of sustainability 
interventions and policy improvements.

Figure 3.8 will provide the basis for the chapter on Sustainable Cities in this 
book by highlighting the location of predominantly urban and rural territories in 
Europe (urban are coloured in red). Such a spatial perspective is extremely useful 
in explaining the forces of economic development as well as the patterns of material 
and energy flows within Europe. Historically cities have been the centres of accu-
mulation of knowledge, crafts and technology. The concentration of talented people 

Fig. 3.3  EU GDP per person employed, NUTS2 regions, 2005
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led to further improvements in the quality of manufactured products and led to 
the inflow of additional craftsmen and entrepreneurs. Several cities positioned 
close to each other amplified the effect. This led to the formation of the so-called 
“core” regions of Europe: London and the South of England, Paris and the North of 
France, Belgium, the Netherlands, part of Western Germany. This region started to 
accumulate more wealth, especially after the development of maritime trade routes 
after  the  Age  of  Discoveries.  Even  today,  it  provides  considerable  employment, 
generates  a  larger  share  of  GDP  than  its  neighbours  and  acts  as  a  driver  for 

Fig. 3.4 Unemployment rates, EU NUTS2 regions, 2006
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economic development for the whole of Europe. On the other hand, it is here that 
substantial amounts of energy are used, much water is consumed by residents, and 
great deal of food and resources are transported here from the surrounding regions 
as well as from abroad. By observing and studying these flows we can better 
understand the processes of economic development and the impacts they make 
on the environment, for such a representation brings us closer to reality than do 
aggregated macroeconomic models.

When exploring large international datasets, like the one devoted to the pattern 
of the consequences of the financial crisis in the EU depicted in Figs. 3.9 and 3.11, 
a strategy of using cob-web diagrams proves to be extremely useful as it allows us 

Fig. 3.5  R&D expenditure as a % of GDP, 2005
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Fig. 3.6 Students in tertiary education, NUTS2 regions, 2006

to demonstrate the values of a particular variable in many locations simultaneously, 
even adding the time dimension if the data allows it.

As  can  be  seen  in  Fig.  3.9, unemployment increased in the majority of EU 
member states as a result of a financial crisis with the cases of Spain (18%), Latvia 
(almost 18%), Estonia (14%), Hungary (10%), Portugal (10%), and Slovakia (12%) 
being the most severe.
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Fig. 3.7 Important EU sectors in terms of value added, NUTS2, 2005

From Fig. 3.10 one can infer that the budget deficit was most severe in Greece, 
the UK, Ireland, Spain, Portugal, Latvia and Lithuania. Figure 3.11 shows that 
tackling inflation was chosen as a priority and many governments managed to 
bring it down. Most considerable reductions could be seen in Bulgaria, Estonia, 
Latvia and Lithuania.

This chapter highlights the importance of big picture vision; a discussion of sys-
tems thinking and philosophical approaches to understanding global sustainability 
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Fig. 3.8 Rural and urban regions in the EU

issues; the necessity to assess spatial and temporal information to describe a parti cular 
phenomenon,  and  the  value  of  the  bird’s  eye  view  on  economy–environment 
interactions.

One might have the impression that this chapter gives no answers, but merely 
offers a great deal of information and data. This has been done partly deliberately, 
for no theory of spatio-temporal development for sustainability has yet been created 
and will need to be written. Perhaps these charts will help someone to do that!
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Fig. 3.10 Budget deficit in the EU countries, 2008 and 2009

Fig. 3.9 Unemployment in the EU, 2008 and 2009
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  Abstract   Over the course of the past 50 years decisions on major infrastructure 
projects or projects that involve compromises between quality of environment and 
economic gain have been selected on the basis of cost-benefi t analysis. This type of 
thinking masked the complexity of impact by the concept of willingness to pay and 
related techniques. The ecological-economic community, realising that these 
approaches violated the incommensurability of values principle, proposed to 
approach the problems of choice with the help of multicriteria decision aid tools. 
Over the course of several decades several tools have been developed and it is often 
diffi cult to make the right choice. This chapter presents the taxonomy of MCDA 
tools fi rst proposed by Guitoni and Martel and offers several approaches to the 
reader. To study this subject in depth the interested reader is referred to the specialist 
literature, which is extensively cited in this chapter.  

  Keywords   Multicriteria decision aid  •  Decision making  •  Taxonomy of methods  
•  Method selection  •  European School      

   History of Multicriteria Analysis 

 The fi eld of multi-criteria    decision aiding    (MCDA   ) has been developing since the 
1960s. Methodological work in this fi eld, focused on discreet methods, has been 
done by Roy (Roy  1985,   1991 , Roy and Vincke  1981  ) , who pioneered multi-crite-
ria assessment with the ELECTRE    family of methods, Brans (Brans et al.  1986  ) , 
who created the PROMETHEE    method; Hinloopen and Nijkamp, who developed 
the REGIME    method (Hinloopen and Nijkamp  1990  ) ; Bouyssou who contributed 
towards the development of a concept of compensation in MCDA (Bouyssou  1986 , 
Roy and Bouyssou  1993  ) ; Larichev, who worked on qualitative methods and the 
perception of multicriteria problems by a decision maker (Larichev  1987,   1996, 
  2001 , Larichev and Brown  2000 , Larichev and Moshkovich  1988,   1994,   1995 , 
Larichev et al.  2002  ) , Janssen who developed a DEFINITE    package (Janssen  1993  ) ; 

    Chapter 4   
 Economic Valuation and Decision Making: 
MCDA    as a Tool for the Future           
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Bana e Costa, who developed the MACBETH    method: (Costa  2001 , Costa et al. 
 1997,   1999,   2001  ) ; Hovanov, who designed the randomised preference    based 
method called ASPID    (Afgan et al.  2000 ; Hovanov  1996    ,  2006 , Hovanov et al. 
 2009  ) ; Munda, who developed the NAIADE    method (Munda  1995,   2005a,   b , 
Munda and Nardo  2008  ) . The most comprehensive survey of the multi-criteria 
analysis methods is presented in (Figueira et al.  2005  ) . Applications of MCDA 
exist for regional problems, e.g. industrial development    (Nijkamp and Delft  1977  ) , 
waste    management (Shmelev  2003 , Shmelev and Powell  2006  )  or renewable energy    
(Gamboa and Munda  2007 , Madlener and Stagl  2005  ) , environmental policy    issues 
in Germany    (Omann  2000  ) , the Netherlands    (Janssen  2001  ) , Norway    (Wenstøp 
and Seip  2001  )  and Austria    (Gamper and Turcanu  2007  )  as well as sustainability    
assessment on the macro scale (Shmelev  2010a , Shmelev and Rodriguez-Labajos 

 2009  )  or macroeconomic policy    (Shmelev  2010b  ) .  

   MCDA Paradigm 

 The perspective of the MCDA    presents a new paradigm, which is different from the 
classical goal of fi nding an optimal solution subject to a set of constraints 
 characteristic of operations research   , the MCDA methodology also provides an 
alternative to the cost-benefi t analysis   , the tool that was popular in the 1970s and 
1980s. Within the new paradigm, a search for a compromise solution, satisfying to 
the decision maker, rather than the optimum, became the primary purpose of analysis 
(Guitouni and Martel  1998  ) . According to Roy  (  2005  ) , the choice of a monocrite-
rion approach might:

   lead to wrongly neglecting certain aspects of realism;   –
  facilitate the setting up of equivalencies, the fi ctitious nature of which remains  –
invisible;  
  tend to present features of one particular value-system as objective.  –
On the contrary, a multi-criteria    approach contributes to avoiding such dangers by:   –
  delimiting a broad spectrum of points of view likely to structure the decision  –
process with regard to the actors involved;  
  constructing a family of criteria    which preserves, for each of them, without  –
any fi ctitious conversion, the original concrete meaning of the corresponding 
evaluations;  
  facilitating debate on the respective role (weight, veto, aspiration level, rejection  –
level, etc) that each criterion might be called upon to play during the decision 
aiding process.    

 A discrete multi-criteria    problem can be described as a problem of evaluation of 
a fi nite set of alternatives    according to the set of criteria, which can be expressed in 
the quantitative or qualitative form (Munda  1995  ) . The MCDA    methodological 
procedure can be seen as a non-linear recursive process composed of four steps 
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(Guitouni and Martel  1998  ) : (i) structuring of the decision problem, (ii) articulating 
and modelling preferences, (iii) aggregating the alternative evaluations (preferences) 
and (iv) making recommendations. 

 Roy  (  2005  )  identifi es the following basic steps in the MCDA procedure: (i) iden-
tifi cation of alternatives   ; (ii) selection of the family of criteria   ; (iii) the choice of 
the problematique, the latter could be reformulated as clarifi cation of the type of 
 problem, the form of results, and the selection of the most appropriate procedure to 
guide the investigation. 

 According to Roy  (  2005  )  most frequently used decision aiding methods are 
based on mathematically explicit multi-criteria    aggregation procedures (MCAP). 
By defi nition, an MCAP is a procedure, which, for any pair of potential actions, 
gives a clear answer to the aggregation problem. This implies:

    1.    various inter-criteria    parameters, such as weights, scaling constants, veto, aspira-
tion levels, rejection levels, which allow us to defi ne the specifi c role that each 
criterion can play with respect to others;  

    2.    a logic of aggregation, which usually takes into account: the possible types of 
dependence which we might want to bring into play concerning criteria   ;  

    3.    the conditions under which we accept or refuse compensation between “good” 
and “bad” performances.     

 Roy emphasises the signifi cance of the logic of aggregation of the MCAP con-
sidered. He differentiates two types of MCAP operational approaches: an approach 
based on a synthesising criterion and one based on a synthesising preference    rela-
tional system (Fig.  4.1 ).  

  Fig. 4.1    Multicriteria 
decision making    steps: a 
recursive framework       
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 According to Einstein “The formulation of a problem is often more essential than 
its solution, which may be merely a matter of mathematical or experimental skill”  
(Fig.  4.2 ).  

 Three basic concepts play a fundamental role in MCDA    (Roy  1996  )  those of an 
alternative, criterion and problematique: 

 Alternative    (or potential action)  a  – the object of decision: 
  A  set of alternatives    A = { a  

1
 ,  a  

2
 , …,  a  

m
 }, when the number of actions is fi nite; 

 Criterion     g  is a tool constructed for evaluating and comparing potential actions 
according to a point of view which must be well-defi ned.  g  ( a ) is called the perfor-
mance of a according to this criterion. 

 Often it is necessary to defi ne all possible evaluations to which a criterion can 
lead. The following types of scales (Stevens  1946  )  (Table  4.1 )  

 Scales of 2, 3, and 4 are all could be used in multicriteria decision aid: ordinal, 
interval and ratio scale   . 

Environmental

Political Economic

Institutional

Other contextual
considerations

Type of the decision

Emergency and timing

Cultural

Psychological

Sociological

Decision maker(s)
stakeholders

  Fig. 4.2    Factors to be taken into account when making decisions: structuring the decision problem       

   Table 4.1    Types of scales   

 Scale  Defi nition 
 Mathematical 
structure  Example 

 1  Nominal     Categorical data  Unordered set  Types of polluting gases 
 2  Ordinal     Describe order, but not relative 

size or degree of difference 
between the items measured 

 Ordered set  Environmental quality 
as “bad”, “moderate” 
and “good” 

 3  Interval     Differences could be measured 
and assessed 

 Affi ne set  Temperature 

 4  Ratio     Estimation of the ratio between a 
magnitude of a continuous 
quantity and a unit magnitude 
of the same kind 

 Field  Mass, time, energy    
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   Table 4.2    Evaluation matrix E for multicriteria analysis for road building   

 g 
1
   …  g j   …  g 

n
  

 Costs  Forest lost  Effect of emissions    on 
public health    

 a 
1
   Straight through the nature reserve  e 

11
   …  e 

1j
   …  e 

1n
  

 …  …  …  …  …  … 
 a 

i
   Through major cities  e 

i1
   …  e 

ij
   …  e 

in
  

 …  …  …  …  …  … 
 a 

m
   Avoiding both nature reserve and 

cities 
 e 

m1
   …  e 

mj
   …  e 

mn
  

 Types of MCDA Problematic 

 According to Prof. Bernard Roy  (  1996  ) , the Decision Making Situation can be 
categorised according to some decision problematic:

   Description problematic    (P,  d ): the aid helps to answer the following questions: 
In what terms should we pose the problem? What type of results should we try to 
obtain? How does the analyst see himself fi tting into the decision process to aid in 
arriving at these results? What kind of procedure seems the most appropriate for 
guiding his/her investigation?  

  The choice problematic    (P,  a ): the aid is oriented towards a selection of a small 
number (as small as possible) of “good” actions in such a way that a single alterna-
tive or a subset may fi nally be chosen; the subset N of the selected actions could 
contain all the most satisfying actions, which remain non comparable between one 
another;  

  The sorting problematic    (P,  b ): the aid is oriented towards an assignment of each 
action to one category (judged the most appropriate) among those of a family of 
predefi ned categories: e.g. the family of four categories could contain: (i) actions for 
which implementation is fully justifi ed; (ii) could be advised after only minor modi-
fi cations, (iii) can only be advised after major modifi cations; (iv) is inadvisable;  

  The ranking problematic    (P,  g ): the aid is oriented towards creation of a complete or 
partial preorder on A, which can be regarded as an appropriate instrument for com-
paring actions between one another;    

 These four major approaches to the multicriteria decision aid    represent the 
framework that helps to fi nd which method would work best in each concrete case. 
The guidelines for selecting the best method will be explored later in this chapter. 

 If we use the notation accepted in this chapter and assume that:

   A = { a  
1
 ,…, a  

i
 ,…,  a  

m
 } – alternatives     

  G = { g  
1
 ,…, g  

j
 ,… g  

n
 } – criteria     

  Then E = Evaluation matrix    will take the form of that exhibited in Table  4.2 .     
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 As an element of innovative change contrasting with neoclassical microeconomic 
theory Prof. Bernard Roy  (  1985  )  introduced the following four elementary binary 
relations:

    1.     a   I   b (indifference      situation: a  is indifferent to  b;   
    2.     a   P   b (preference      situation): a  is strictly preferred to  b;   
    3.     a   Q   b (weak preference      situation):  is the hesitation between the indifference    and 

preference    situations and not being sure that  (a P b);   
    4.     a   R   b (incomparability      situation):  in this situation the hesitation is between  a   P  

 b and b   P   a      

 In this context the weak preference    situation and the incomparability    situation 
are two elements that distinguish this approach from the others and allow us to cap-
ture more nuances and allow adequate representation of the real life choices. 

 Selecting the Right Method 

 But which of the dozens of methods available should be the best for a particular 
practical situation? The researchers Martel and Guitoni (Guitouni and Martel  1998  )  
propose an interesting approach to the selection of a MCDA    method:

   Guideline G1: Determine the stakeholders of the decision process. If there are many 
decision makers (judges), one should think about group decision making    methods 
or group decision support systems (GDSS).  

  Guideline G2: Consider DM “cognition” (DM way of thinking) when choosing a 
particular preference    evaluation mode. If he is more comfortable with pairwise 
comparisons, why use tradeoffs and vice versa?  

  Guideline G3: Determine the decision problematic pursued by the DM. If the DM 
wants to achieve an alternatives    ranking, then a ranking method is appropriate  

  Guideline G4: Choose the MCAP that can handle properly the input information 
available and for which the DM can easily provide the required information; the 
quality and quantity of information are major factors in the choice of the method).  

  Guideline G5: The compensation degree of the MCAP method is an important 
aspect to consider and to explain to the DM. If he refuses any compensation, then 
many MCAP will not be considered.  

  Guideline G6: The fundamental hypotheses of the method are to be met (verifi ed), 
otherwise one should choose another method.  

  Guideline G7: The decision support system implicit in the method is an important 
aspect to be considered when the time comes to choose a MCDA    method.    

 Figures  4.3 – 4.5  outline the method selection procedure in diagrammatic 
language.    
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Multicriterion Aggregation
Procedure (MCAP)

What is the
operational
approach?

Single synthesizing
criterion approach

Outranking
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Integractive
approach
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(does not fit within the
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AAAA

  Fig. 4.3    First stage of the method selection procedure       
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  Fig. 4.4    Second stage of the method selection procedure       
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 Tables  4.3 – 4.8  present the main structural characteristics of the MCDA    tools as 
identifi ed by Guitoni and Martel.       

 Sustainability Assessment with MCDA 

 It would be most appropriate here to consider several examples of the application of 
multicriteria methods    to the analysis of sustainability    on the macro scale. We will 
explore these issues in more depth in Chap.   7    . 

 Analysis of sustainability    of the UK    economy shown in Fig.  4.6  has been carried 
out with the aid of the NAIADE    method using three criteria    

   GDP    per capita;  • 
  CO • 

2
     emissions   ;  

  Life expectancy (Table  • 4.9 ).     

 The year 2002 (H) dominates all other years, and the next year in line is 2005 
(K), after which 1995 (A), 1997(C) and 2003(I) follow, followed by 2004 (J), and 
then 1998(D) and 2001 (G), with the bottom place occupied by 2000 (F), 1999 (E) 
and 1996 (B).      

Which decision
problematic is 

addressed?

B

Description OtherSortingRanking

MCAP1

MCAP1
MCAP1

Choice

  Fig. 4.5    Third stage of the method selection procedure       
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  Fig. 4.6    The Application of MCDA    to UK    strong sustainability    analysis (1995–2005)       
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  Abstract   The concept of market failure has become central in defi ning the place, 
scope and effectiveness of government intervention in case of environmental 
pollution. This chapter presents the classic model of externalities and explains 
why current economic theories have not been very successful in fully tackling 
them. The concept of an environmental tax, designed in the spirit of the Arthur 
Pigou tax is introduced. Comparative analysis of various environmental taxes in 
major EU countries is made. The concept of an environmental tax is illustrated with 
the example of a landfi ll tax in two EU Member States: Austria and the Netherlands. 
It can be seen how different rates of environmental tax and the pace of their 
introduction could affect the development pattern of a municipal waste manage-
ment system.  

  Keywords   Market failure  •  Externality  •  Pigou Taxes  •  Environmental taxes  
•  Landfi ll tax      

 Economic Theory 

 The history of economic thought gives us a wealth of examples, where infl uential 
ideas proposed by one of the economists were later expanded by them to include the 
issue of the interrelationship between the economy and the environment   . Arthur 
Pigou developed an idea of environmental taxation   , Ronald Coase formulated several 
institutional solutions to the problem of social cost, Wassily Leontief suggested a 
way to analyse the environmental effects of macroeconomic activity. Gunnar 
Myrdal explored the interdependence of economic, social and institutional pheno-
mena, Leonid Kantorovich proposed linear programming    as a tool for the optimal 
allocation of resources   , Richard Stone developed a system of national accounting, 
Amartia Sen worked on poverty issues, Daniel Kanemann explored the psycho-
logical defi ciencies of rational behaviour and decision making    and Elinor Ostrom 
explored issues of economic governance of the Commons. All these contributions 

    Chapter 5   
 Macroeconomy: Market Failures 
and Externalities: What Can Be Done           
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are highly relevant for ecological economics   , and many links between the writings 
of the above mentioned economists and the ecological economics community have 
already been established. 

 Externalities 

 An external effect   , or an externality   , is said to occur when the production or con-
sumption decisions of one agent have an impact on the utility or profi t of another 
agent in an unintended way, and when no compensation/payment is made by the 
generator of the impact to the affected party. 

 According to David Pearce, an externality is a detrimental (or benefi cial) effect 
to a third party for which no price is exacted (Pearce  2002  ) . 

 Starting with the pioneering works by Arthur Pigou  (  1920  ) , which later became 
the basis for the introduction of environmental taxes    in the EU and other parts of the 
world, and Harold Hotelling  (  1931  ) , who worked on the economics of exhaustible 
resources   , environmental and resource economics received its solid foundation. 

   Box 5.1 Important Theoretical Contributions in Economics 

    A. Marshall (1842–1924, principles of economics, 1890)  • 
  T. Veblen (1857–1929), institutional economics  • 
  A. Pigou (1877–1959, welfare economics, Wealth and Welfare, 1912, 1920, • 
internalisation of externalities)  
  J. M. Keynes (1883–1946), interventionist policies, business cycles, • 
recession  
  J. Hicks (1904–1989, IS-LM model, Nobel Prize, 1972)  • 
  R. Coase (1910–), Nobel Prize, 1991; The Problem of Social Cost (the • 
Coase Theorem) (1960)  
  W. Leontief (1906–1999), Nobel Prize, 1973, input-output method  • 
  G. Myrdal (1898–1987), Nobel Prize, 1974, interdependence of economic, • 
social and institutional phenomena  
  L. Kantorovich (1912–1986), Nobel Prize, 1975, optimum allocation of • 
resources, linear programming  
  R. Stone (1913–1991) Nobel Prize, 1984, development of the system of • 
national accounts  
  J. Nash (1928–), Nobel Prize, 1994 Noncooperative games  • 
  Sen (1933–), Nobel Prize, 1998 welfare economics  • 
  J. Stiglitz (1943–), Nobel Prize, 2001 Globalization    and its Discontents, • 
information theory  
  D. Kahneman (1934–), Nobel Prize, 2002, psychology, uncertainty and • 
decision making  
  Elinor Ostrom (1933–) economic governance of the commons     • 
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Later on due to contributions by Ronald Coase  (  1960  ) , Robert Ayres and Kneese 
 (  1969  ) , Wassily Leontief  (  1970  ) , William Baumol  (  1972 , Baumol and Oates  1971  ) , 
Allen Kneese  (  1971  ) , Gynnar Myrdal  (  1973  ) , Tom Tietenberg  (  1973  )  the basis was 
created for the sound environmental policy   , the application of various instruments to 
regulate the quality of the environment   . 

 One can argue that ecological economics    builds on the achievements of 
environmental economics   , but goes further on a range of important issues. Let us 
consider the basis for the economic regulation of environmental quality. 

 Imagine that we are dealing with a standard economic good. The level of 
production of a standard economic good will be determined at the intersection 
of the marginal private benefi t (MPB) and marginal private cost (MPC) curves and 
will amount to Q 

1
  (Fig.     5.1 ).  

 If we are dealing with a good, where an externality    is present, the marginal social 
costs    (MSC) curve is going to differ from the marginal private costs    (MPC) curve 
by the value of marginal external costs (MEC). The solution according to Pigou is 
to “internalise” external costs by including them in production costs by means of a 
so called “Pigou tax   ” (Fig.  5.2 ). The level of production in this case will be reduced 
automatically.  

   Box 5.2 Important Environmental Economics Contributions 

    Pearce D. (2002)  • An Intellectual History of Environmental Economics , 
Annu. Rev. Energy Environ, 2002  
  Coase R.H. (1960)  • The Problem of Social Cost , Journal of Law and 
Economics, Vol. 3, pp. 1-44  
   • Ayres R., Kneese A.V. (1969)   Production, Consumption, and Externalities  , 
The American Economic Review, Vol. 59, Issue 3, pp. 282-297   
   • Leontief W. (1970)   Environmental Repercussions and the Economic 
Structure: An Input-Output Approach  , The Review of Economics and 
Statistics, Vol. 52, Issue 3, pp. 262-271   
  Kapp. W. (1970)  • Environmental disruption: General issues and meth-
odological problems,   Social Science Information 1970; 9 (4), pp. 15-32   
  Baumol W. (1972)  • On the Taxation and the Control of Externalities , 
American Economic Review, Vol. 62, Issue 3, pp. 307-322  
   • Kneese A. (1971)   Environmental Pollution: Economics and Policy  , 
American Economic Review, Vol. 61, Issue 2, pp. 153-166   
   • Baumol W.J. and Oates W. E. (1971)   The Use of Standards and Prices 
for Protection of the Environment  , The Swedish Journal of Economics, 
Vol. 73, Issue 1, pp. 42-53   
   • Myrdal G. (1973)   Economics of an improved environment  , World 
Development, Vol. 1, Issue 1–2, pp. 102-114   
   • Tietenberg T. (1973)   Controlling Pollution by Price and Standard 
Systems: A General Equilibrium Analysis  , The Swedish Journal of 
Economics, Vol. 75, Issue 2, pp. 193-203      
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 An alternative    depiction of the effect of the Pigou tax    is presented in Figs.  5.3  
and  5.4 .   

 Although Pigou’s thinking is considered to be an important element in the theory 
of externalities and to essentially underpin the introduction of environmental taxes    in 
many European countries, the theory has been criticised in the literature. The criticism 
comes from the fact that the situation where there is only one polluter affecting only 
one recipient or one aspect of environmental quality (Fig.  5.5 ) is extremely rare.  

  Fig. 5.1    Normal economic good       

  Fig. 5.2    Pigou tax          
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  Fig. 5.4    Effect of the Pigou tax          

  Fig. 5.3    Desirable reduction in production quantity       

RecipientPolluter

  Fig. 5.5    One polluter, one 
recipient case       
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 Much more often, as in the case of sustainable waste    management, sustainable 
energy   , and ecosystem assessments, we are dealing with a situation where there 
are multiple recipients or several aspects of the system affected (human health   , 
visual disamenity   , valuable species, depletion of material resources   , etc), Fig.  5.6 . 
The issue of accumulation of pollution    is observed, and there is also a defi nite time 
dimension for the pollution problem. In this case and in many others it becomes 
practically impossible to assess marginal external costs and establish the most 
socially desirable level of production.  

 In this respect, the approach where the amount of an environmental charge is set up 
in the iterative manner becomes an option of choice. It will be illustrated with several 
examples showing that the iterative approach works in certain cases, especially in 
waste    management. Obviously, there is an important requirement for its effective 
operation, i.e. compliance with legislation, both national and international, which in 
the case of waste management    means no illegal dumping and no transboundary 
shipment of hazardous waste. 

 Environmental Taxes 

 In this chapter we will consider environmental taxes    as an example of the corrective 
Pigouvian instrument of environmental policy   . Currently Eurostat differentiates 
between four categories of environmental taxes:

   Energy taxes   ;  • 
  Resource taxes   ;  • 
  Transport taxes   ;  • 
  Pollution taxes   .    • 

RecipientPolluter

Recipient

Recipient

  Fig. 5.6    One polluter 
and multiple recipients       
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 As can be seen from Table  5.1 , the historical development of environmental 
policies in Europe has been very heterogeneous, with some countries leading the 
way (e.g. Denmark   ) and some following (e.g. the UK   ). It should be noted that 
several areas of EU environmental policy    received a strong push as early as 1970s: 
energy    taxes (France   , Denmark, Germany   , Finland   , Norway    with Sweden    
being the first in this area in 1957), and water pollution    charges (   with France and 
Sweden implementing the principles of environmental policy outlined in the 
theoretical literature). Sulphur taxes have seen a very wide discrepancy in the times 
of their introduction, in Norway they were implemented as early as 1970, however 
in France sulphur taxes appeared only in 1985, in Sweden in 1991, followed by 
Denmark (1996), Finland (1999), the Netherlands    (2000), and the UK (2001). 
Although the economic mechanisms of sustainable waste    management were 
the subject of a substantial debate in the 1970s, most EU countries did not intro-
duce a landfi ll    tax before the end of the 1980s, with Denmark and Austria    showing 
leadership in this fi eld. France joined the group in 1993, the Netherlands – in 
1995, Finland and the UK – in 1996 and, surprisingly, Norway and Sweden – in 
1999 and 2000 respectively. Carbon tax, which has been the focus of a lengthy 
discussion in the EU, is now present in a signifi cant number of EU Member States; 
however France and Austria are not taking part due to lack of political acceptability. 
The world leader in this fi eld was    Finland    (1990), followed by the Netherlands    
(1990), Norway    and Sweden    (both 1991), Denmark    (1992), Germany    (1999) and 
the UK    (2001). 

 Figure  5.7  presents the spatial pattern of revenue generation through environ-
mental taxes    in major European countries expressed as share of GDP   . The highest 
revenue from environmental taxes is currently received in Denmark   , followed by 
the Netherlands   , Cyprus and Bulgaria, which are, in turn, followed by the 
Scandinavian countries: Norway   , Sweden    and Finland   , then Luxembourg, Hungary   , 
Poland   , Slovenia, Italy    and Portugal   .  

 In Fig.  5.8  we can see the dynamics of revenue due to environmental taxation    in 
major EU countries from 1997 to 2008. It is clear that on the whole the tendency has 
been for environmental taxation revenue to increase, with some countries, like 
Netherlands   , experiencing higher growth than others.  

 It remains largely to be seen how effective the introduction of environmental 
taxes    has been for the reduction in the amounts of actual pollutants generated   . 
This implies that much careful additional research is needed to establish the 
relative advantages of using environmental taxes for different types of pollutants 
and different countries: also their effect in conjunction with alternative measures. 
Two examples will illustrate the application of environmental taxes in this chapter. 
Figures  5.9  and  5.10  show the dynamics of the shares of the municipal solid waste    
(MSW) stream treated by the three major technologies   : landfi lling   , incineration    and 
recycling    in Austria    and the Netherlands   . On the second axis the actual values of the 
landfi ll    tax are depicted. Although the overall structure of consumption seems to be 
similar in Austria and the Netherlands and the amount of MSW is fairly similar 
stabilising at 600 kg per person per year, and both countries have seen considerable 
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progress in terms of increasing the proportion of waste undergoing complex 
recycling, the Netherlands managed to decrease the proportion of waste which is 
landfi lled even more than did Austria.   

 Perhaps one explanation of this difference lies in the fact that the rate of landfi ll    
tax in the Netherlands    was raised to the level of over 60 Euros in 2000 whereas in 
Austria    it was slightly less than 30 Euros at that time.       

  Fig. 5.7    Environmental tax revenues, EU       
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  Fig. 5.8    Environmental taxation revenue, EU, 1997–2008 mln euro       

  Fig. 5.9    Municipal solid waste    treatment and landfi ll tax in Austria    (1996–2008)       
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  Abstract   This chapter explores the potential of combining two useful ecological-
economic methods: input–output analysis and multi-criteria decision aid. By doing 
so, it assesses the sustainability of investment in various economic sectors, with the 
aim of minimising resource use and generation of emissions. The UK case is taken 
for the purpose of illustration, and (given the availability of the necessary data) this 
methodology might be applied in countries with various economic structures and 
specialisations. An environmentally extended static 123-sector UK input–output 
model is used, linking a range of physical fl ows (domestic extraction, use of water, 
and emissions of CO 

2
 , CH 

4
 , NO 

x
 ) with the economic structure of the UK. A range 

of environmentally adjusted forward and backward linkage coeffi cients has been 
developed, adjusted according to fi nal demand, domestic extraction, publicly supplied 
and directly abstracted water, and emissions of CO 

2
  and NO 

x
 . The data on the fi nal 

demand adjusted and environmentally adjusted forward and backward linkage 
coeffi cients were used in a multi-criteria decision-aid assessment, employing a 
NAIADE method in three different sustainability settings. The assessment was 
constructed in such a way that each sector of the UK economy was assessed by means 
of a panel of sustainability criteria, maximising economic effects and minimising 
environmental effects. This type of multi-criteria analysis, could prove to be a valuable 
basis for similar studies, especially in the developing world, where trade-offs between 
economic development and environmental protection have been the subject of 
considerable debate.  

  Keywords   Input–output analysis  •  Sustainability  •  Key sectors  •  MCDA  •  UK      

   Three Dimensions of Socio-Ecological Transformation 

 Three key elements seem to be crucial for the socio-ecological transformation if our 
society is to reach sustainable development    and overcome growing energy    and 
resource requirements and rising volumes of emissions    and wastes, to facilitate 

    Chapter 6   
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change to renewable energy    sources and conservation of biodiversity   . Firstly, 
this is a the concept of industrial ecology    (Graedel and Allenby  2002  ) , which 
highlights the importance of intersectoral fl ows of matter and energy required 
for the production of goods and services, analysed in detail throughout the whole 
lifecycle of the given product, service or a regional or national system. Secondly, 
it is the system of tools for decision making    (Sö derbaum  2000  )  based on multicrite-
ria methods    which, applied at different levels, would shift the patterns of decision 
making towards more socially equitable and more environmentally friendly as well 
as more economically sound decisions. Thirdly, it is a system of macroeconomic 
goals    or sustainability    assessment methods which dominate on the macroeco-
nomic scene. For a very long time GDP    has been the key variable, which was at the 
heart of macroeconomic policies all over the world. Due to the efforts of ecological 
economists, and, especially, Herman Daly  (  2000  )  a new vision was proposed, 
the vision of sustainable development as a qualitative creative change, as opposed 
to quantitative growth. The idea of incommensurability of values   , incorporated 
in the concept of sustainable development, have lead to the development of 
new alternative sustainable development assessment approaches (Shmelev and 
Rodríguez-Labajos  2009  ) .  

   Environmentally Extended Input-Output Analysis 

 Different countries started to develop input–output tables    after the publication of the 
fi rst balance of the national economy    of the USSR and its subsequent criticism by 
Leontief (Table  6.1 ). Tables for the USA (1919, 1929, and 1947) followed. Later 
Norway    (1948), the Netherlands    (1948), Japan    (1951) and the UK    (1954) joined the 
process. With a little delay, Hungary    (1957), Poland    (1957), USSR (1959) and 
Brazil (1959) continued the trend. The resolution of the input–output tables varied 
signifi cantly: if the fi rst tables for the USA contained 44 and 41 sectors respectively, 
the Netherlands – 35 sectors, it was soon realised that increasing the amount of 
detail allows an unprecedented capacity to understand and manage the complexity 
of intersectoral linkages   . Subsequently, tables for the USA included 400 sectors, 
Japan – 399 sectors; Estonia    – 239 sectors; Lithuania    – 239 sectors; Belorussia 
(500 sectors).  

 The fi rst tables to appear in the USSR after the WWII, including the tables for 
Estonia   , Latvia    and Lithuania    (239 sectors, 1961) have been described in Jasny 
 (  1962  )  and Kossov  (  1964  ) . The fi rst Dutch input–output tables    to appear have been 
reviewed by Rey and Tilanus  (  1963  ) , the fi rst international comparative analysis of 
the economies of the USA, Japan   , Norway   , Italy   , Spain    using input–output tables 
was offered by Simpson and Tsukui  (  1965  ) . 

 Environmentally extended input–output applications started to develop in the 
1970s (Table  6.2 ) following the original publication by Leontief and they covered 
the following issues: energy    and the environment    (Carter  1974,   1976 , Gay and 
Proops  1993 , Herendeen and Tanaka  1976 , Park  1982 , Polenske and Lin  1993 , 
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Proops  1977,   1984  ) ; materials balance and materials fl ows (Duchin  2004 , Giljum 
 2004 , Hoekstra  2005 , Suh  2009 , Tukker et al.  2009  ) ; water (Anderson and Manning 
 1983 , Dietzenbacher and Velázquez  2007 , Lenzen  2009 , Lenzen and Foran  2001 , 
Wang and Wang  2009 , Wang et al.  2005  ) ; waste    (Duchin  1990,   1994 , Kondo and 
Nakamura  2005 , Leontief  1977a , Nakamura  1999 , Nakamura and Kondo  2002, 
  2006  )  and the environmental policy    analysis    (Gutmanis  1975  ) . The UN global model 
project has signifi cantly stimulated interest in the analysis of the environmental 
consequences of economic development    and effects of technological innovation 
(Ayres and Shapanka  1976 , Carter and Petri  1979 , Leontief  1977b , Leontief and 
Duchin  1986 , Petri  1977  ) . Substantial projects focused on the application of 
input–output analysis    to national economies for policy analysis have been started in 
various countries including the UK    (Barker  1981 , Barker et al.  1980 , Stone  1984  ) . 
Dynamic input–output analysis has become one of the most interesting subjects 
for economic research (Duchin and Szyld  1985 , Raa  1986 , Vogt et al.  1975  ) . 
Environmentally extended input–output analysis of the changes in the world economy 
has been carried out by (Duchin  1986 , Fontela  1989 , Leontief and Duchin  1986 , 
Schäfer and Stahmer  1989  ) . Later, this framework was extended to include material 
fl ows    (Duchin  2004  ) , other pollutants    (Duchin  1994,   1998  )  and different types of 
waste (Nakamura  1999  ) . The most recent applications of extended input–output 
analysis today include an environmental key sector analysis by Manfred Lenzen 
(   Lenzen  2003 ), and econometric extended-input–output models of the UK and the 
European Union    (Barker et al.  2007a,   b  ) .  

   Table 6.1    Input-output tables published in world countries   

 Country  Year, referring to  Number of sectors 

 USSR  1923/1924  12 sectors 
 USA  1919  44 sectors 
 USA  1929  41 sector 
 USA  1947, 1958, 1963  400 sectors, 480 intermediate sectors 
 Norway     1948  175 sectors 
 Netherlands     1948–1957  35 sectors 
 Japan     1951, 1973, 1976  399 intermediate sectors (2005) 
 UK     1954, 1961  123 intermediate sectors 
 Hungary     1957  40 sectors 
 Poland     1957  20 sectors 
 USSR  1959  83 sectors 
 Brazil  1959  32 sectors 
 Brazil  1969, 1970  87 sectors 
 Estonia  1961  239 sectors 
 Lithuania  1961  239 sectors 
 Canada  1961  250 industries 
 Belorussia  1962  500 sectors 
 China     1973  61 sector, 
 China     1997  124 commodities 
 Australia  1974  135 sectors 
 OECD  1972, 1977, 1982  48 sectors 
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   Table 6.2    Major contributions in environmentally extended input–output analysis      

 Author, year 
 Country of 
application 

 Sectoral 
dimensions  Extensions 

 (Leontief  1970  )   N/A  2×2  1 pollutant, agriculture and 
manufacturing 

 (Leontief and Ford  1972  )   USA  90 sectors  5 residuals, 1 recipient (air), 
11 fi nal demand categories, 

 (Leontief  1974  )   World  45 sectors, 40 minerals and fuels, 
30 pollutants    

 (Forsund and Strom  1976  )   Norway     86 sectors  35 types of residuals, 28 fi nal 
demand categories 

 (Proops  1977  )   UK     3×3  Energy    intensities 
 (Barker  1981  )   UK     40 sectors  Econometrics, annual time series 

1954–1979, and cross-section 
data in the form of input–output 
tables    1954, 1963, 1968, 1974. 

 (Luptáčik and Böhm  1994  )   N/A  MCDA   , trade-off between 
economic goals and the quality 
of the environment    

 (Kananen et al.  1990  )   Finland     17 sectors  MCDA   , emergency management 
 (Duchin  1992  )   N/A  4×4  Industrial ecology    
 (Gay and Proops  1993  )   UK     38 sectors  CO 

2
     

 (Sonis and Hewings  1998  )   Indonesia  5 sectors  Structural path analysis, SAM 
 (Nakamura  1999  )   Netherlands     20 sectors  Waste   , recycling    and CO 

2
     emissions    

 (Ferrer and Ayres  2000  )   France     30  Waste   , remanufacturing 
 (Moffatt and Hanley  2001  )   Scotland  28 sectors  12 pollution    types 
 (Hoekstra and van den 

Bergh  2002  )  
 N/A  N/A  MFA and structural decomposition 

analysis 
 (Aroche-Reyes  2003  )   Mexico  27 sectors  Qualitative analysis of economic 

structures 
 (Lenzen  2003  )   Australia  134 sectors  Environmentally adjusted linkage 

coeffi cients 
 (Giljum and Hubacek  2004  )   Germany     3×3  Primary material inputs 
 (Lantner and Carluer  2004  )   France     36×36  Spatial dominance: 6 regions, 

6 sectors each 
 (Suh  2005b  )   N/A  MFA and energy    
 (Suh  2005a  )   USA  500 sectors  Life cycle input–output 
 (Peters and Hertwich  2006  )   Norway     49 sectors  Internatonal trade, embodied CO 

2
     

 (Cardenete and Sancho 
 2006  )  

 Spain   , 1995  10 sectors  SAM 

 (Moran and del Rio 
Gonzalez  2007  )  

 Spain     44 sectors  CO 
2
     emissions    

 Figure  6.1  contains a schematic description of material and energy    fl ows in the 
national economy   . The outer, light green box depicts the boundaries of the environ-
ment    system, with a yellow box “Energy”, responsible for the transfer of solar energy 
to ecosystems    and humans. The inner, dark yellow box represents the economic 
system   , forming part of a wider environmental system, and constrained by 
the limitations of the environmental system. The principle of embeddedness of the 
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economic system in the environmental system became the subject of considerable 
debate and a lot of attention from such pioneers of ecological economics    as Herman 
Daly  (  2000  ) . The dark ochre boxes represent fundamental economic activities, such 
as energy generation, production, consumption, and accumulation of capital stock 
and recycling   , a new type of economic activity, designed to bring economic systems 
closer to the sustainable path and to emulate natural ecological metabolic processes. 
Light blue boxes in the chart represent the stocks of renewable and non-renewable 
resources    taken from the natural environment, and emissions    and waste    emitted to 
the environment as a result of the functioning of the economic system. Emissions 
to water and some other factors are not considered here for the sake of simplicity. 
The dark green boxes situated outside the economic system represent the key factors 
which should be taken in the account, when analysing the future development of the 
economy: life support services, ecosystem services, public health   , visual and other 
amenities, and land use    generally. It is a very rough classifi cation of the types of 
impacts which might be adjusted in each individual case. It was successfully 
applied to the analysis of the sustainability    of regional waste management    systems 
(Shmelev and Powell  2006  ) . When such a range of aspects of the development of 
a given regional or national system is considered, it seems desirable to use special 
multicriteria methods    to support decisions at all levels of the decision making    
process, which will be covered in the next section of the paper   .  
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  Fig. 6.1    Economy-environment interdependence (Modifi ed and enhanced from Common and 
Stagl  2005 )       
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 In his pioneering article Lenzen  (  2003  )  introduced the concept of environmentally 
important paths, linkages    and key sectors    in the macroeconomic framework. 
Historically, Rasmussen was the fi rst to introduce the concept of forward and back-
ward inter-industry linkages    as measures of structural interdependence (Hewings 
et al.  1989 , Hirschman  1958 , Rasmussen  1956 , Sonis and Hewings  1999 , Sonis et al. 
 1995  ) . Lenzen  (  2003  )  for the fi rst time introduced the idea of an environmentally 
adjusted forward and backward inter-industry linkages, which are designed 
to highlight the sectors, which have higher than average propensity to cause 
resource extraction and emissions    across the economy. The sectors with the value 
of the forward linkage    coeffi cient higher than one tend to produce a higher than 
average impact “downstream” in their supply chain. Similarly, the sectors with 
the backward linkage    coeffi cient larger than one tend to produce higher than 
average impact on the economy “upstream” in their supply chain. The sectors with 
the value of both forward linkage coeffi cient and backward linkage coeffi cient 
higher than one are usually referred to as the “key sectors”. In this chapter,    such 
an approach is taken one step further and applied to the environmentally extended 
input–output model of the UK    economy, comprising 123 sectors and additional fl ows 
of domestically extracted materials, directly abstracted and publicly supplied 
water and emissions of CO 

2
    , NH 

4
 , NO 

x
 . Environmentally adjusted forward and 

backward oriented linkages are calculated here for all the 6 mentioned environmental 
aggregates and illustrate the pattern of direct and indirect effects of investing in 
particular sectors of the UK economy as of 2000. 

 The particular innovative aspect of the analysis in this chapter is the subsequent 
treatment of the derived forward and backward linkage    coeffi cients with the help 
of multicriteria decision aid    (MCDA   ) tools, which helps to identify the most 
“sustainable” sectors of the British economy in terms of their power to stimulate 
economic development   , producing at the same time, minimal environmental effects 
across the national economy   . 

 Integration of economic input–output analysis    and information on the physical 
fl ows passing through the economy allow us to undertake a detailed analysis of the 
structural physical links in the economy with the aid of environmental key sector 
analysis. Taking into account physical fl ows is a major advantage of this approach, 
as it allows us to look beyond the simple monetary value of transactions in the 
input–output table and explore the rich complexity of physical linkages    which exist 
in the economy. This will prove extremely benefi cial in analysing the economy-wide 
environmental effects of government investment    programmes in times of crisis.  

   Modelling the UK Economy 

 The static UK    input–output model created by the author was used in this paper    
with extensions of resource and environmental fl ows. The input–output 123 sector 
tables referring to the year 2002 were obtained from the UK Offi ce for National 



93Modelling the UK Economy

Statistics, the full sector classifi cation can be seen in the Annex 2 of this paper. 
It should be noted that the results of the subsequent analysis should be treated as a 
fi rst approximation, because not all elements of the UK input–output table are 
available to the public due to confi dentiality regulations. The water accounts of 
the UK had to be adjusted for they do not provide the necessary detail and further 
disaggregation was carried out by the author. The data on material fl ows    has 
been obtained from the MOSUS project, where the author took an active part by 
developing the global database    of material fl ows for 1980–2003, which included all 
countries of the world and around 400 types of fl ows according to EU guidelines 
(Shmelev and Giljum  2004 ). Data on UK CO 

2
     emissions    as well as data on CH 

4
  and 

NO 
x
  emissions come from the UK Offi ce for National Statistics. 

 An integrated illustration of economic and environmental flows in the UK    
economy is depicted in Fig.  6.2 . Each economic sector    (the names and respective 
numbers can be found in Annex 2) is characterised by the share of its domestic 
extraction    of natural resources   , publicly supplied and directly abstracted water, 
emissions    of CO 

2
    , CH 

4
 , consumption and economic output, presented on the 

logarithmic scale. Table  6.3  presents the most relevant sectors (with shares greater 
than 5%) in terms of their direct environmental and economic effects, with respec-
tive percentages of the total fl ow.    

  Fig. 6.2    Economic and physical fl ows in the UK    economy (123 sectors), 2002       
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   Environmentally Adjusted Forward and Backward 
Linkages    in the UK    Economy 

 Figures  6.3  and  6.4  depict fi nal demand and CO 
2
     adjusted coeffi cients of forward 

and backward linkages   , which characterise the national economy    of the United 
Kingdom    in 2002 from the point of view of economic and environmental intensities 
of the physical links among different sectors. In Fig.  6.3  all sectors are grouped into 
four clusters: key sectors   , backward linkage    oriented, forward linkage    oriented, and 
weak oriented sectors. For key sectors the respected value of both forward and back-
ward linkage coeffi cient is greater than 1. The corresponding sector names and 
numbers can be found in Annex 2.   

 We can see from Fig.  6.3 , that in the pure economic sense, which corresponds to 
traditional economic thinking historically applied in different countries, the sectors 
associated with the strongest economic links with the rest of the economy, capable 

   Table 6.3    Direct environmental and economic sectoral impacts   

 Dimension  Sectors  Share 

 Domestic extraction 
 Other mining and quarrying  49.6% 
 Oil and gas extraction  28.0% 
 Agriculture  17.2% 

 Water publicly supplied 
 Water supply  32.4% 

 Water directly abstracted 
 Electricity production and distribution  33.0% 
 Fishing  10.8% 
 Gas distribution  9.0% 
 Fish and fruit processing  5.1% 

 CO 
2
     

 Electricity production and distribution  36.0% 
 Air transport  7.6% 
 Other land transport  6.0% 

 CH 
4
  

 Sewage and sanitary services  42.5% 
 Agriculture  31.5% 
 Gas distribution  11.3% 
 Coal extraction  10.9% 

 Consumption 
 Letting of dwellings  9.9% 
 Public administration and defence  9.8% 
 Hotels, catering, pubs, etc.  8.8% 
 Health and veterinary services  8.1% 

 Output 
 Construction  6.7% 
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of stimulating economic development   , in the UK    in 2002 were construction, other 
business services, motor vehicles, hotels and catering, public administration and 
defence, health    and veterinary services, banking and fi nance. 

 CO 
2
     adjusted forward and backward linkage    coeffi cients for the major industries 

depicted in Fig.  6.4 , give us a different picture. The most CO 
2
  forward and back-

ward linked sector is Electricity production and distribution, other key sectors    in 
relation to CO 

2
  impacts in the UK    economy are Construction, Coke ovens, Refi ned 

petroleum and nuclear    fuel, Motor vehicles, Iron and Steel, Air Transport, Oil 
and Gas Extraction and several others. It is quite natural, that the forward linkage    
coeffi cient for Oil and Gas Extraction is much higher than the backward linkage due 
to the role, that oil    and gas play as fuels in the transport and other sectors. The reverse 
applies to air transport, due to the amount of fuel that is used on fl ights. 
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 Key sectors    in the environmental sense, when domestic extraction    is taken as a 
basis for weighting the coeffi cients (Fig.  6.5 ), were the following: Other mining and 
quarrying, Construction, Coke ovens, refi ned petroleum and nuclear    fuel, Oil and 
Gas Extraction, Agriculture, Electricity production and distribution and some others. 
For these sectors, additional economic activity would mean higher than proportional 
resource extraction impacts further up and down the supply chain; the respective 
coeffi cients are shown on the chart’s axis. For example, for the Oil and Gas Sector, 
domestic extraction, the adjusted forward linkage    coeffi cient is 9.53 and backward 
linkage    coeffi cient is 5.16. This means that oil    and gas extraction generates forward 
oriented extraction impacts that are 9.53 times higher than the domestic extraction 
impact of oil and gas alone. Respective interpretation can be applied to the backward 
linkage coeffi cients.  
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 When the economic system    is considered from the point of view of associated 
emissions    of NO 

x
  (Fig.  6.6 ), the following pattern is produced. The sector, charac-

terised by the largest potential to infl uence the generation of NO 
x
  emissions in the 

UK    in 2002 was Water Transport, followed by Computer Services, Electricity 
Production and Distribution, Construction, Motor Vehicles, Non-Ferrous Metals, 
Coke Ovens etc., Other Land Transport and some others.  

 When the economic system    is considered from the point of view of associated 
water fl ows (directly abstracted and publicly supplied) the following pattern 
emerges. In the case of publicly supplied water the strongest key sectors    are: Water 
Supply, Motor Vehicles, Organic Chemicals, and Construction etc. For directly 
abstracted water the “key sectors” are: Electricity Production and Distribution, Fish 
and Fruit Processing, Fishing and so on (Figs.  6.7  and  6.8 ).    
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  Fig. 6.5    DE adjusted forward and backward linkage    coeffi cients, labelled by sector, UK   , 2002       
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   Macro Sustainability Assessment with MCDA    

 There is a wide spectrum of aspects which should be taken into account when 
discussing sustainability   : the UN system of indicators of sustainability    comprises 
96 indicators with a core of 50 indicators divided into 14 themes: Poverty, 
Governance, Health, Education and Demographics, Natural Hazards, Atmosphere, 
Land, Oceans, Seas and Coasts, Freshwater, Biodiversity, Economic Development, 
Global Economic Partnership, and Consumption and Production Patterns. Therefore 
a whole new class of methods is required to address sustainability problems at 
the local, regional and national level, taking a range of criteria    into account simulta-
neously. Such methods are usually referred to as multicriteria decision aid    (MCDA   ) 
methods and have been developed within many different schools: in France   , in the 
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Netherlands   , in the USA, in Russia    and several other countries. Methodological 
work in this fi eld has been done by (Ferrer and Ayres  2000  )  applying these methods 
to regional problems, (Roy  1985  ) , the author of one of the most famous families 
of multicriteria methods   , outranking methods “ELECTRE   ”; (Janssen  1993  ) , who 
developed a decision support tool called DEFINITE   , the author of the method, called 
NAIADE   , based on fuzzy logic. There is an extensive body of work covering the use 
of multicriteria methods in decision making   . A range of multicriteria programming 
methods has been developed to deal with well structured and quantitatively described 
problems. Numerous applications of MCE exist for regional problems, e.g. waste    
management (Shmelev and Powell  2006  )  or renewable energy    (Madlener and Stagl 
 2005  ) . The novel application of such methods to macro-sustainability assessment    
has been offered in (Shmelev and Rodríguez-Labajos  2009  ) . 
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 The perspective of the MCDA    presents a new paradigm, which is different 
from the classical goal of fi nding an optimal solution subject to a set of constraints 
characteristic of operations research   . 

 A Novel Approach to Imprecise Assessment and Decision Environment 
(NAIADE   ) is a discrete multicriteria method whose impact (or evaluation) matrix 
may include either crisp, stochastic or fuzzy measurements of the performance 
of alternative and with respect to a judgement criterion (Munda  1995,   2005  ) . No 
traditional weighting of criteria    is used in this method. The whole procedure can be 
divided in three main steps:

   pairwise comparison of alternatives   ;  • 
  aggregation of all criteria   ;  • 
  evaluation of alternatives   .    • 
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  Fig. 6.8    Directly abstracted water adjusted forward and backward linkage    coeffi cients, labelled 
by sector, UK   , 2002       
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 The method is based on the concept of fuzzy preference    relation. If A is assumed 
to be a fi nite set of N alternatives   , a fuzzy preference relation is an element of the 
N×N matrix R = (r 

ij
 ), i.e.: 

 r 
ij
  =  m R(a 

i
 , a 

j
 ) with i,j = 1,2,…,N and 0 < =r 

ij
  < =1 

 r 
ij
  = 1 indicates the maximum degree of preference    of a 

i
  over a 

j
 ; each value of r 

ij
  

in the open interval (0.5, 1) indicates a defi nite preference of a 
i
  to a 

j
  (a higher value 

means stronger intensity); r 
ij
  =0.5 indicates the indifference    between a 

i
  and a 

j
 . 

 Six different fuzzy relations are simultaneously considered:

    1.    much greater than (>>)  
    2.    greater than (>)  
    3.    approximately equal to (~)  
    4.    exactly equal to (=)  
    5.    less than (<)  
    6.    much less than (<<).     

 Given the information on the pairwise performance of the alternatives    according 
to each single criterion, these evaluations are aggregated in order to take all criteria    
into account simultaneously. As a fi nal result, the method creates the webs of 
domination relationships    among alternatives, and presents them in a useful graphical 
form. The main distinct feature of NAIADE   , which was particularly important for 
our analysis was the capacity to change the degree of sustainability    (parameter  a ), 
from weak to strong to simulate the changes in perspective on the degree of 
compensation allowed among the criteria. For a more detailed description of the 
NAIADE method the interested reader is referred to (Munda  1995  ) .  

   Application of MCDA    Methods for Sustainability Analysis 

 The only known application of the MCDA    tools in the input–output context 
belongs to (Luptáčik and Böhm  1994  ) . The authors use the input–output model as a 
basis for a multicriteria optimization programme to identify the optimal structure of 
output, which minimises environmental effects under the constraints of primary 
input. Our approach is different in that, working with the real input–output model of 
the UK    economy, we use environmentally adjusted forward and backward linkage    
coeffi cients to fi nd the most environmentally sustainable and economically viable 
industries. The data obtained as a result of the calculation of forward and backward 
linkage coeffi cients has been used in the multicriteria decision aid    (MCDA) system 
NAIADE   , which is an outranking MCDA tool, capable of handling various types of 
data including interval, crisp, stochastic and fuzzy elements. The method produces 
webs of domination relationships   , for weak, neutral and strong sustainability    
settings, which can be seen in detail in Annex 1. 

 Each of the UK    economic sectors was taken into account in the MCDA    assessment 
with eight coeffi cients each respectively: forward and backward linkage    coeffi cients 
adjusted for fi nal demand, domestic extraction   , CO 

2
     and NO 

x
 . It was assumed that it 
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is in the interests of society to maximise the fi nal demand adjusted economic 
multiplier characteristics of certain sectors, at the same time minimising direct 
and induced material extraction, CO 

2
  emissions    and NO 

x
  emissions. The web, 

depicted in Fig.  6.9  could be interpreted in the following way: economic sectors E 
(104, Letting of Dwellings) and K (117, Health and Veterinary Services) turned out 
to be the most sustainable, dominating all the other sectors and occupying the top 
positions in the web under the neutrality assumption about sustainability    (the results 
change in weaker or stronger sustainability settings) .The sectors L (118, Social 
work activities) and J (116, Education) were the next from the top in terms of 
sustainability criteria    outlined here, while the sector M (121, Recreational Services) 
occupied the next “layer in the hierarchy”, however L and J or L and M are not 
comparable between themselves (there are no connecting arrows between the 
two in any pair). The existence of an arrow in such a diagram shows the existence, 
and the direction of the arrow — direction of the domination relationship that 
exists between the alternatives    in question, the lack of such an arrow points to 
incomparability   .  

 The sectors G (111, Market research, management consultancy) and C (100, 
Banking and fi nance) occupied the layer at the bottom of the middle of the web, and 
fi nally, the sectors I (115, Public administration and defence), F (108, Research 
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  Fig. 6.9    The web of domination relationships, UK    most sustainable economic sectors (fi nal demand, 
domestic extraction   , CO 
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 , adjusted linkages   ), 2002       
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and Development), A (92, Hotels, catering and pubs), B (99, Telecommunications), 
H (112, Architectural activities etc.), and D (102, auxiliary fi nancial services) 
occupied the bottom of the web of domination relationships and were the least 
sustainable of the set of sectors identifi ed in this example. It should be stressed that 
the parameter  a  plays a crucial role in determining the shape of the resulting web of 
domination relationship. 

 Table  6.4  presents the summary of the results in terms of the top sustainable 
sectors in all the settings.  

 For a discussion of the differences between strong and weak sustainability    in the 
NAIDE applications, the reader is referred to (Shmelev and Rodríguez-Labajos 
 2009  ) , the key difference being the ease of compensation among the sustainability 
criteria    in the case of weak, and the strong complementarity and lesser compensa-
tion in the strong sustainability setting. 

 It can be seen from Table  6.4  that such sectors as 116 (Education), 117 (Health 
and Veterinary Services), 118 (Social Work Activities), 104 (Letting of Dwellings), 
121 (Recreational Services) feature prominently in almost all sustainability    settings, 
and are those sectors that truly provide the basis for the sustainable development    of 
the United Kingdom    both in the sense of direct effects and indirect effects, thereby 
not infl icting heavy resource use    or pollution    load across the whole spectrum of 
economic sectors. This result is extremely important for the preparation of economic 
recovery programmes by the UK    Government, focused in the neo-Keynesian sense on 
stimulating economic recovery. One would hope that this economic crisis might be 
seen as an opportunity not only to concentrate on pure economic recovery, but also on 
wider resource use and environmental impacts    and on the strategic environmental 
modernisation of the economy. In any case, any reduction in educational or health    
care    budgets according to these results is completely unjustifi ed and would be harmful 
for the economy in the long run, especially if from a sustainability perspective.  

   Table 6.4    Top sustainable sectors in the UK    economy under different assumptions, 2002   

 Scenario  Top 10 sectors 

  a  = 0.1 (weak sustainability   )  104 Letting of dwellings 
 121 Recreational services 
 118 Social work activities 
 116 Education 
 102 Auxilary fi nancial services 

  a  = 0.5 (neutrality)  104 Letting of dwellings 
 117 Health and veterinary services 
 116 Education 
 121 Recreational services 
 118 Social work activities 

  a  = 0.9 (strong sustainability   )  115 Public administration and defence 
 92 Hotels, catering, pubs, etc. 
 117 Health and veterinary services 
 104 Letting of dwellings 
 118 Social work activities 
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   Conclusions 

 As our application shows, the combination of various approaches proves to be 
especially fruitful. In our case, environmentally extended input–output analysis    has 
been combined with multi-criteria    decision aid to identify the sectors, that are “most 
sustainable” both in terms of direct and indirect impacts. The unique aspect of this 
application lies in its use of environmentally adjusted forward and backward linkage    
coeffi cients which show the effects produced through the web of intersectoral 
linkages   . This chapter    presents a novel way of assessing the relative sustainability    
of investment    in particular economic sectors from the point of view of resource use    
and generation of emissions   . The research carried out can be disaggregated into 
the following three steps: an environmentally extended static 123 sector UK    input–
output model has been created, which linked a range of physical fl ows: domestic 
extraction   , use of water, emissions of CO 

2
    , CH 

4
 , NO 

x
 , with an economic structure of the 

UK. Secondly, following a range of environmentally adjusted forward and backward 
linkage coeffi cients has been developed, with a particular focus on fi nal demand, 
domestic extraction, CO 

2
  emissions and NO 

x
  emissions adjusted coeffi cients. Then, 

the data on the fi nal demand and environmentally adjusted forward and backward 
linkage coeffi cients is used in a multicriteria decision aid    (MCDA   ) assessment, 
employing a Novel Approach to Imprecise Assessment and Decision Environments 
(NAIADE   ) method in three different sustainability settings: weak sustainability   , 
strong sustainability and a neutral setting. The assessment is set in such a way that 
each of the 123 sectors of the UK economy is compared with the others using a 
panel of sustainability criteria, with fi nal demand adjusted coeffi cients aimed at 
their maximum and, environmentally adjusted – at their minimum values. 

 The results show that the following sectors:

   117 Health and Veterinary Services  
  104 Letting of Dwellings  
  116 Education  
  121 Recreational Services  
  101 Insurance and Pension Funds  
  118 Social Work Activities  
  99 Telecommunications   

appear with relative stability within the top 10 most sustainable sectors of the UK    
economy from the point of view of both direct and indirect effects in the strong sustain-
ability   , weak sustainability    and neutral assessment. 

 It can be seen that the analysis conducted might be a justifi cation for a substantial 
governmental investment    programme which could not only stimulate the development of 
the economy, but also reduce the direct and indirect environmental consequences of 
such development. Such a programme seems to be particularly desirable in the conditions 
of the current economic crisis, which in our opinion presents a challenge and at the same 
time offers an opportunity for the reorientation of governmental investment priorities 
towards more sustainable industries. Unfortunately this particular aspect of the problem is 
not currently being discussed by any of the political parties in the UK (Figs   .  6.10 – 6.12 )   .    
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  Fig. 6.10    The most sustainable sectors, UK   , 2002,  a  = 0.1 – weak sustainability    setting       
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  Fig. 6.12    The most sustainable sectors, UK   , 2002,  a  = 0.9 – strong sustainability    setting       
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   Nomenclature of Economic Sectors, Input–Output Formulation, 
Offi ce for National Statistics, UK   , 2002    

    1 Agriculture  
  2 Forestry  
  3 Fishing  
  4 Coal extraction  
  5 Oil & gas extraction  
  6 Metal ores extraction  
  7 Other mining & quarrying  
  8 Meat processing  
  9 Fish & fruit processing  

  10 Oils & fats  
  11 Dairy products  
  12 Grain milling & starch  
  13 Animal feed  
  14 Bread, biscuits etc.  
  15 Sugar  
  16 Confectionery  
  17 Other food products  
  18 Alcoholic beverages  
  19 Soft drinks & mineral waters  
  20 Tobacco products  
  21 Textile fi bres  
  22 Textile weaving  
  23 Textile fi nishing  
  24 Made-up textiles  
  25 Carpets & rugs  
  26 Other textiles  
  27 Knitted goods  
  28 Wearing apparel & fur products  
  29 Leather goods  
  30 Footwear  
  31 Wood & wood products  
  32 Pulp, paper    & paperboard  
  33 Paper & paperboard products  
  34 Printing & publishing  
  35 Coke ovens, refi ned petroleum & nuclear    fuel  
  36 Industrial gases & dyes  
  37 Inorganic chemicals  
  38 Organic chemicals  
  39 Fertilisers  
  40 Plastics & synthetic resins etc.  
  41 Pesticides  
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  42 Paints, varnishes, printing ink etc.  
  43 Pharmaceuticals  
  44 Soap & toilet preparations  
  45 Other chemical products  
  46 Man-made fi bres  
  47 Rubber products  
  48 Plastic products  
  49 Glass & glass    products  
  50 Ceramic goods  
  51 Structural clay products  
  52 Cement, lime & plaster  
  53 Articles of concrete, stone etc.  
  54 Iron & steel  
  55 Non-ferrous metals     
  56 Metal castings  
  57 Structural metal products  
  58 Metal boilers & radiators  
  59 Metal forging, pressing etc.  
  60 Cutlery, tools etc.  
  61 Other metal products  
  62 Mechanical power equipment  
  63 General purpose machinery  
  64 Agricultural machinery  
  65 Machine tools  
  66 Special purpose machinery  
  67 Weapons & ammunition  
  68 Domestic appliances nec  
  69 Offi ce machinery & computers  
  70 Electric motors & generators etc.  
  71 Insulated wire & cable  
  72 Electrical equipment nec  
  73 Electronic components  
  74 Transmitters for TV, radio & phone  
  75 Receivers for TV & radio  
  76 Medical & precision instruments  
  77 Motor vehicles  
  78 Shipbuilding & repair  
  79 Other transport equipment  
  80 Aircraft & spacecraft  
  81 Furniture  
  82 Jewellery & related products  
  83 Sports goods & toys  
  84 Miscellaneous manufacturing nec & recycling     
  85 Electricity production & distribution  
  86 Gas distribution  
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  87 Water supply  
  88 Construction  
  89 Motor vehicle distribution & repair, automotive fuel retail  
  90 Wholesale distribution  
  91 Retail distribution  
  92 Hotels, catering, pubs etc.  
  93 Railway transport  
  94 Other land transport  
  95 Water transport  
  96 Air transport  
  97 Ancillary transport services  
  98 Postal & courier services  
  99 Telecommunications  

  100 Banking & fi nance  
  101 Insurance & pension funds  
  102 Auxiliary fi nancial services  
  103 Owning & dealing in real estate  
  104 Letting of dwellings  
  105 Estate agent activities  
  106 Renting of machinery etc.  
  107 Computer services  
  108 Research & development  
  109 Legal activities  
  110 Accountancy services  
  111 Market research, management consultancy  
  112 Architectural activities & technical consultancy  
  113 Advertising  
  114 Other business services  
  115 Public administration & defence  
  116 Education  
  117 Health & veterinary services  
  118 Social work activities  
  119 Sewage & sanitary services  
  120 Membership organisations  
  121 Recreational services  
  122 Other service activities  
  123 Private households with employed persons          
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  Abstract   This chapter focuses on the new  approach  to assessing progress towards 
sustainability based on the application of multicriteria decision-aid tools. Russia was 
chosen as a case study because of the 20 years of economic and social change, which 
have had a substantial impact on regional and sectoral patterns of the development 
of its economy, infrastructure, the quality of the environment, and the well-being of 
its people. The method is particularly suitable for countries in transition, where 
development has often been less than harmonious. 

 The chapter employs the UN Sustainable Development Framework of Indicators 
and assesses the sustainability of Russia using multi-criteria evaluation methods, 
namely the uncertainty randomization multi-criteria evaluation method “Analysis and 
Synthesis of Parameters under Information Defi ciency” (ASPID). The analysis cov-
ers economic, environmental, and social trends in Russia’s development between 
1985 and 2007 and assesses the sustainability of this development from the point of 
view of multiple criteria. 

 The results show the potential of multi-criteria methods for sustainability assess-
ment at the macro level and offer useful insights into the multidimensional nature of 
sustainability and the role of priority setting in the evaluation process. Such an anal-
ysis reveals the degree of harmony in sustainable development policy. It shows how 
different sets of priorities determine the outcome of multidimensional analysis of 
sustainability and might potentially help in assessing progress and designing new 
policy instruments. This chapter is one of the fi rst to apply multi-criteria methods to 
macro sustainability analysis in a dynamic setting.  

  Keywords   Sustainable development  •  Sustainability assessment  •  Macro-scale  
•  Multi-criteria methods  •  Russia      

    Chapter 7   
 Sustainable Development: Measuring Progress           
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 Macro Sustainability Discussion 

 Sustainable development   , understood here as harmonious development, considering 
environmental limitations, is essentially a multidimensional problem. It involves 
simultaneous analysis of environmental, economic, social and institutional aspects 
of the development of a state, a city or a region. The problem of sustainability    on the 
macro scale has been addressed by many researchers: (Costanza and Patten  1995 , 
Daly  1974,   1997 , Daly and Cobb  1989 , England  1998 , Hanley et al.  1999 , Lawn 
 2000,   2003 , Max-Neef  1995 , Neumayer  1999,   2000 , Pearce and Atkinson  1993 , 
Pearce et al.  1996  ) . The alternative sustainability indicators, such as Human 
Development Index    (HDI), Adjusted Net Savings    (ANS) and Index of Sustainable 
Economic Welfare    (ISEW) have been developed. Human Development Index (ul Haq 
 2003  )  is estimated for all countries of the world at the UN and is published in the 
Human Development Reports (UNDP  2009  ) . The Adjusted Net Savings (Pearce 
and Atkinson  1993  )  is currently regularly calculated by the World Bank (Bolt et al. 
 2002  ) . Adjusted net savings is the indicator    of weak sustainability   . The methodol-
ogy of ISEW, developed by H. Daly and J. Cobb (Daly and Cobb  1989  )  has been 
applied to the UK    (Jackson and Marks  1994  ) , Sweden    (Jackson and Stymne  1996  ) , the 
Netherlands    (Gerlagh et al.  2002  ) , Austria    (Stockhammer  1997  )  and other countries. 
The methodology of application of multi-criteria    methods to the environmental 
problems has been developed by (Hovanov  1996 , Janssen  1993 , Larichev  1979 , 
Munda  1995 , Roy  1985  )  and other researchers. Recent applications of multicriteria 
methods    to the analysis of sustainable development    indicators can be found in 
(Munda  2005  ) , etc. 

 Economic, social and environmental aspects of the development of Russia    have 
been the focus of considerable research recently: (Glazyrina  2006 , Granberg et al. 
 2002 , Kalinichenko et al.  2007 , Kuzyk and Yakovetz  2005 , Lvov  2004 , Reteyum 
 2004 , Ryumina  2007  ) . The history of sustainability    analysis in Russia goes back to 
the works of Konstantin G. Gofman and his colleagues, who founded the Russian 
school of economics of nature management or “ecological economics   ” as it was 
sometimes called by Gofman (Gofman  1998,   2007  ) . Sustainability analysis of spe-
cifi c sectors of the economy such as the energy    sector, which is currently the key 
driving force of the Russian economy, has been undertaken in e.g. (Aslanyan et al. 
 2005  ) , although social aspects of the development of the sector have been addressed 
only briefl y. The current issues of sustainable development    in Russia have also 
started to attract international attention (Oldfi eld  2001 , Oldfi eld et al.  2003  ) . 
However, there is still a gap in research on the comprehensive assessment of sus-
tainability on the macro scale in Russia, interpretation of the links among the differ-
ent social, economic and environmental processes and effects as well as strategic 
forward-looking analysis from the point of view of multiple criteria   . A single prior-
ity of facilitating economic growth    by doubling GDP    is defi nitely limiting the sus-
tainable development potential of the Russian economy. 

 It should be pointed out that, despite the value of single dimensional approaches 
to sustainability    assessment – easy communication and use in policy making, there 
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are fundamental problems, highlighted in (Martinez-Alier et al.  1998  ) . Such problems 
include the issues of incomparability    of values – can environmental and economic 
goods be substituted for one another in principle? What are the limits of such sub-
stitution? Have societies already reached these limits? Which production functions 
(Cobb-Douglas, CES type, etc.) should be used to describe most accurately the use 
of natural and economic factors of production? Which weighting should be used in 
such an assessment? There are also dynamic aspects to the  problem. Discounting 
issues are a serious matter: can one discount environmental damages in principle? 
Is major damage done in the distant future considerably less important than damage 
done today? It seems we need to analyse the whole dynamic trajectory of develop-
ment to be able to understand the dynamics of sustainable development   . Some of 
these issues were addressed by (Shmelev and Rodríguez-Labajos  2009  ) . 

 During recent decades, Russia    has undergone dramatic structural, economic, 
social and institutional changes. These changes included the freeing of prices, the 
reviving of the entrepreneurship tradition, seizure of the previously substantial state 
support for science, attraction of direct foreign investment   , development of the 
resource-extraction based economy, the relaxing of terms and conditions for inter-
national trade, fi rst – dramatic deterioration and then a slow recovery in the level of 
consumption and quality of life   , an introduction of a fl at rate tax in 1997, which 
accelerated the growing differentiation between the rich and the poor. Joining the 
Kyoto Protocol in 2004, determining the emergence of government commitment on 
stabilising CO 

2
  emissions   , record the high rates of economic growth    in the past 

several years and declining life expectancy    are additional brushstrokes in the com-
plex picture of the development of the Russian economy. 

 In light of the above, it seems crucial to assess the progress of Russia    towards 
sustainability    by taking a “systems” or “holistic” perspective. This chapter will provide 
an overview of economic, environmental and social aspects of the development of 
Russia over the course of the past 20 years and will therefore analyse explicitly the 
sustainability of Russia’s development. The multidimensional development path of 
Russia will be assessed with the help of multicriteria methods    and an analysis of the 
complex trends and causes of unsustainability will follow. Application of multicri-
teria methods might help in the analysis of trade-offs    among economic, environ-
mental and social priorities. 

 The author will argue that a relative neglect of environmental and social aspects 
of the development of Russia    has and continues to have long term sustainability    
consequences. The spatial aspect of the development of Russia presents another 
challenge, which has not been addressed adequately in the past. 

   Existing Approaches to Measuring Sustainability 

 First, the aggregate sustainability    measures, such as HDI and ANS will be discussed; 
this will be followed by a detailed analysis of the economic, environmental and 
social aspects of Russia   ’s development. It should be underlined that such aggregate 
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methods assume that component indicators are perfect substitutes and large progress 
in one of them can compensate negative tendencies in many others. Such a pecu-
liarity masks the existing multidimensional nature of the development process. It is 
for this reason that the author suggests new methods for the assessment of progress 
in the fi eld of sustainable development   , which are based on the application of 
multicriteria methods   . The chapter will conclude with an application of multicriteria 
assessment    tools and an analysis of multidimensional development trends. 

   Human Development Index 

 Human Development Index    (HDI) is a composite measure, assessing achievements 
in the three main areas of human development: life expectancy   , measured with the 
help of the life expectancy at birth index; education   , measured with the help of the 
adult literacy index and good quality of life   , measured with the help of real GPD per 
capita at PPP (ul Haq  2003  ) . It should be noted that this paper    uses statistical data 
from 1985 to 2007, supplied to the UNDP by the Russian Government; data on the 
component indices for 2006 was not available. 

 The tendencies of change in HDI in Russia    were characterised by a substantial 
drop from 0,858 in 1991 to 0,804 in 1993 and a minimum of 0,747 in 1997. Starting 
from 1998, moderate growth in HDI in Russia is observed, and in 2007 its value 
reached 0,817 (this is the most recent data at the moment of publication of this 
chapter). It is instructive to see how changes in HDI are determined by changes in the 
indices of which it consists. The growth in HDI from 1998 was observed against a 
background of continuing decline in the life expectancy    index; however, the dynamic 
growth in GDP    and the moderate increase in the education    index have led to the gen-
eral change in trend and the positive dynamics of the Human Development Index   . It 
should be noted that from the 28th place in the world in 1980 and 34th in 1990, Russia 
dropped to 52nd place as early as 1992 and reached an absolute minimum in 1995 
(72nd place). In 1999, Russia occupied 55th place, in 2000 – 60th, in 2002 – 57th, but 
unfortunately in 2005 dropped to 67th and reached 71st in 2007. The following coun-
tries are slightly higher than Russia according to their level of development in 2007 – 
Albania, Belorussia, Rumania, Bulgaria, Malaysia; the following are slightly lower: 
Macedonia, Brazil, Columbia, Peru and Turkey. The position of Russia is considerably 
worse than that of Poland   , Slovakia   , Hungary   , Lithuania   , Argentina, Chile, Mexico, or 
Venezuela. The position of Russia is better than that of Ukraine, Georgia, Iran, 
Thailand, China   , Jordan, Tunis, Gabon, Algeria, Indonesia, and Mongolia. 

 The Human Development Index    of Russia    for the period from 1985 to 2007 
according to UNDP reports can be seen in Fig.  7.1 .  

 It can be seen that full compensability between GDP   , life expectancy    and 
education    determined the change in trend when growing GDP and education 
outweighed declining life expectancy. The complexity of the development pattern 
in HDI, therefore, was hidden in the linear aggregation procedure. If the incommen-
surability of values    considered here (education, economic growth    and life expectancy), 
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their different nature and different units of measurement are taken into account, the 
complexity of the development pattern is brought to light. The overall choice of 
the set of indicators becomes a crucial factor, since the number of criteria    and the 
composition of the set will affect the assessment of the trend of development.  

   Adjusted Net Savings    

 Adjusted net savings, an indicator    of “weak sustainability   ”, denotes the level of capital 
which is accumulated within the economy less the depreciation of both  produced and 
natural capital and environmental damage. “Weak” sustainability assumes that any 
type of capital is perfectly substitutable for natural capital as an input to production. 
From the adjusted net savings point of view, for example, a nation which reinvested 
all of its profi ts from the exploitation of non-renewable natural resources    in the for-
mation of human capital through its educational system would have imposed no net 
opportunity cost on future citizens of the country (Bolt et al.  2002  ) . 

 As can be seen from Fig.  7.2 , Adjusted Net Savings    in Russia    declined from 
1995 to 1998; this was determined by the decline in gross national savings, an increase 
in the consumption of fi xed capital, net forest-, energy-    and mineral depletion and 
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CO 
2
     damage   . Since 2001, a tendency for the ANS to increase has been observed, but 

in 2006 its value has not risen above 0, which can be characterised as a struggle to 
minimise unsustainability levels. The most recent data, for 2008 characterise the 
situation as critical, but with some degree of hope. It is interesting to note that, as a 
result of recalculation the two issues of the World Bank ANS dataset are fundamen-
tally different, which raises another concern regarding the reliability of such an 
estimate, especially in respect of to the fact that its constituent components are esti-
mated in monetary terms.  

 If the issue of incommensurability of values    is given equally serious consider-
ation, it becomes apparent that increasing GDP    and declining life expectancy    can-
not be considered equal substitutes. There is a clear need for development to be both 
benefi cial for the economy and not destructive for the population    and the  environment   . 
This requires the application of new methods of strategic policy analysis    and deci-
sion making   . The use of multi-criteria    methods seems to be benefi cial for such 
analysis for the following reasons: multi-criteria tools allow simultaneous consider-
ation of several development objectives, interaction between decision makers and 
decision support systems allows one to gain deeper understanding of the links 
between different parts of the system and emergent properties of the system. Multi-
criteria tools are capable of showing the trade-offs    between often confl icting priori-
ties and provide rankings of scenarios or alternatives    based on multidimensional 
preference    relationships. 

  Fig. 7.2    Adjusted net savings   , Russia    (Source:    World Bank)       
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 The interested reader is invited to explore the paper    (Shmelev and Rodríguez-
Labajos  2009  )  published in the journal Ecological Economics, which explores these 
issues in greater depth, emphasising methods for the analysis of strong sustainability   , 
where incommensurability of values is fully taken into account.   

   Spatial-Temporal Aspects of Development 

 In the following sections a spatial-temporal overview of the development of Russia    
over the past two decades will be given. 

 The trend in GDP    growth has been seen by most observers as a positive tendency. 
The growth of the internal economy after the crisis of 1998 helped to overcome the 
consequences of the reforms and contributed to the alleviation of poverty. However, 
if one considers the structure of production for the range of years starting in 1990, 
it is possible to notice serious changes: a sharp increase in the share of wholesale 
and retail trade, and a decline in the share of agriculture and industry. At the same 
time, the growth of the informal economy has been observed, its share reaching 
22–25% in 2000. 

 Let us consider the tendencies in the rate of domestic extraction    of renewable and 
non-renewable resources    in Russia    (Shmelev and Giljum  2004  ) . Domestic Extraction 
in Russia declined from 5.9 bln tones in 1992 to 4.3 bln tones in 1998, but has recov-
ered since and reached 5.0 bln tones in 2002, which largely refl ects the peculiarities 
of resource-extraction-led economic growth    in Russia. 

 Atmospheric CO 
2
     emissions    in Russia    grew constantly between the end of the 

Second World War and 1980, with a mild decline in the rate of growth since 1980. 
From 1989 and, in particular, from 1990 to 1991 CO 

2
  emissions started to shrink, this 

was caused by the decline in production levels and structural changes in the economy. 
A historical minimum of the level of emissions in 1998 is comparable with the level 
of emissions between 1969 and 1970. Since 1999 emissions have started to grow 
again, but by the year 2002 they had not exceeded the values of emissions of 1996. 
As a whole, the existing tendency might be characterised as a positive one, however 
having declared the goals to double Russia’s GDP    without the proactive introduc-
tion of energy    effi ciency measures, and also gradual transition to renewable energy    
sources, Russia could face diffi culties to meet its Kyoto protocol targets and subse-
quent commitments. 

 Social issues have been one of the most pressing problems for the Russian 
Federation over the past two decades. The dramatic fall in life expectancy    (BMJ 
 1994  )  has been attributed to the increased incidence of heart disease, an increase in 
infant mortality and a rise in the numbers of deaths due to trauma. Of these three, 
the most severe rise has been in trauma, which includes industrial and road acci-
dents, suicides, murders, military accidents and poisonings. Analysts link many of 
these to increased tension in society due to loss of jobs   , restructuring of the econ-
omy and the diffi cult psychological climate in society. 

 The Gini    Index of income inequality    (measured for earnings) in Russia    increased 
from 0.26 in 1991 to 0.409 in 1994 (larger values of the index correspond to the 
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larger inequalities between rich and poor). After a brief decline to 0.375 in 1996, the 
Gini Index went up to 0.4 in 2003, reaching the value of 0.406 in 2004 and 0.423 in 
2008. Therefore, in this dimension, Russia moved from the level of present day 
Austria   , Luxembourg and Finland    to the present day Moldova, Ukraine approaching 
the level of China   , Turkey, the United States, and Uruguay. 

 The Unemployment    rate in Russia    climbed from 5.2% in 1992 to 13.3% in 1998 
and then went down again to 7.8 in 2004. Infl ation    according to offi cial data was 
always lower than that in Poland    and approximately the same as in Ukraine. 

 The development of the Russian economy is characterised by extreme unevenness, 
if the spatial dimension is considered. The most prosperous regions are Moscow 
city, Moscow region, the oil    and gas producing regions in the Urals and Siberia, and 
St Petersburg   . The difference between the gross regional product in the most pros-
perous Moscow city and the less developed parts of Russia    exceeds 100 times. 

 In the environmental dimension, spatial diversity    is also considerable, with dif-
ferences in total air emissions    from stationary sources reaching 100 times, the level 
between certain regions.  

   Application of Multicriteria Methods    

 Taking the UN Sustainable Development Indicator Framework as a starting point, 
we have decided to apply a multicriteria assessment    method to analyse the sustain-
ability    of the multidimensional development path of the Russian economy. 

 The Analysis and Synthesis of Parameters under Information Defi ciency (ASPID   ) 
method, developed by Hovanov (Hovanov  1996  )  is based on the Bayesian model 
of uncertainty randomization. It is designed to compare complex objects, given a 
range of criteria    describing their performance. To generate the set of weights used 
in the assessment, it takes into account non-numeric (ordinal) information on 
weight-coeffi cients values determined by a system  OI(w) = {w  

 r 
   = w  

 s 
  ; w  

 u 
   > w  

 v 
  ;…}  of 

equalities and inequalities for weight coeffi cients (indices  r, s, u, v  take values 
from set  {1,2,…,m} ); non-exact (interval) information on weight coeffi cient values 
determined by a system  II(w) = {a  

 j    < =w  
 j    < =b  

 j   ;…}  of inequalities and equalities 
(when  a  

 j    = b  
 j  ) for weight-coeffi cients (index     j  takes values from set  {1,2,…,m})  and 

non-complete expert knowledge. The fi nal result of the assessment can be described 
as an ordering of analysed objects by estimated degrees of quality under evaluation 
(sustainability    in our case). Therefore, within the framework of assessment, given 
the expressed priorities, the relationships of domination (in the sense of the chosen 
criteria set) emerge among the objects being assessed (the years of the country’s 
performance in our case). The red and blue intercepts of a straight line, seen in the 
diagram, can be read in the following way: an abscissa of a midpoint of a red interval 
shows an average estimation of a correspondent object, while the interval’s length is 
equal to the doubled standard deviation of the constructed aggregated preference    
index; an abscissa of a blue interval’s right end shows the reliability for dominance 
relation between neighbouring aggregated estimations. 
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 The method was applied to two sets of 3 and 10 sustainability    criteria    over the 
same time period (1995–2003). Relational information on prioritisation of different 
criteria determined the weights, and as a result, randomised estimates of the domi-
nation of certain alternatives    over others were obtained. The total list of criteria 
considered, based on the UN CSD Indicators of Sustainable Development (United 
Nations  2007  )  is presented in Table  7.1 .  

   Dynamic Analysis 

 First, ASPID    was applied in the case of three basic sustainability    criteria   : GDP    per 
capita, CO 

2
     emissions    and life expectancy   , representing economic, environmental 

and social dimensions respectively (Figs.  7.3  and  7.4 ). The years from 1995 to 2003 
were considered; this is represented on the vertical axis of the diagram. In each 
scenario assessed a set of assumptions was used to illustrate current policy priorities 
in the form of preference    equalities and inequalities set.   

 First, the following priorities, refl ecting the current policy trend, were set: GDP    is 
more important than life expectancy   , GDP is more important than reduction in CO 

2
     

emissions   , reduction of CO 
2
  emissions is more important than life expectancy. Such 

a set of priorities characterises the real development priorities obtaining in Russia   . 
 It can be seen in Fig.  7.3  that the year 2006 dominates 2005, 2005 dominates 

2004, 2004 dominates the year 2003 and so on, therefore an overall positive trend 
starting in 2000 can be seen. It should be underlined that this positive trend appears 
under specifi c conditions of relative importance of criteria   , namely the priority of 
GDP    over life expectancy    and CO 

2
     emissions    reductions and priority of CO 

2
  emis-

sions reductions over life expectancy. 
 If, however, the different, more humanistic set of policy priorities is chosen as 

opposed to the more technocratic (Fig.  7.4 ), i.e. life expectancy    is considered to be 
more important than GDP   , and reduction in CO 

2
     emissions    is seen as more important 

   Table 7.1    Sustainable development criteria    applied in the analysis of Russian economy (Based on 
the UN CSD Indicators of Sustainable Development  2007  )    

 Theme  Sub-theme  Indicator 

 Poverty  Income inequality  Gini    index of income inequality 
 Health  Mortality  Life expectancy    at birth 
 Governance  Crime  Crimes per 100,000 inhabitants 
 Atmosphere  Climate change  Emissions of CO 

2
     

 Freshwater  Water quality  Water pollution   , Nitrates 
 Economic development  Unemployment     Unemployment    
 Economic development  Macroeconomic performance  GDP    per Capita 
 Economic development  Research and development  Expenditure on R&D as a GDP    

share 
 Consumption and production 

patterns 
 Energy use  Annual energy consumption    

per capita 
 Consumption and production 

patterns 
 Energy use  Share of consumption of 

renewable energy    
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than GDP, then the trend is changing, and the most sustainable years in this 
setting are 2006, followed by 1996 and 1995, then 2005, then 1997, then 2004, then 
1998 and so on. The least sustainable years in this setting were 2001, 2000, 2002, 
2003 and 1999. 

 In the more detailed analysis the following ten criteria    were taken into account: 
economic – GDP    per capita, Total Primary Energy Supply    (TPES) per capita, share 
of renewables   ; environmental: CO 

2
     emissions   , water pollution   ; social: life expec-

tancy   , GINI index of income inequality   , unemployment rate   , crimes per 100,000 
inhabitants; and institutional: investment    in R&D   . 

 The fi rst case (Fig.  7.5 ), illustrates a current policy priority scenario: GDP    growth 
is more important than life expectancy    and CO 

2
     emissions   . As can be seen from 

Fig.  7.5 , given the assumptions above, the “sustainability    trend” appears to be posi-
tive up until 2006 (with minor exceptions), with more recent years dominating the 
previous years.  

 If, however, a different pro-environmental and more humanistic set of policy 
priorities is assumed – an increase in life expectancy    and reduction in CO 

2
     emissions    

to combat climate change    are more important than GDP    growth, etc. the picture 
becomes quite different (Fig.  7.6 ). And now the years 1997 and 1998 dominate 
the other years and since 1998 a decline in sustainable well-being is observed. 
The years 2005, 2006 and 1995 appear to be the least sustainable in this setting. 
It should be noted that due to the larger number of criteria    in the extended set, the 
uncertainties in domination, represented by the length of the red lines around the 
probabilities, are considerably higher.   
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  Fig. 7.5    Assessment results: 1995–2006, 10 criteria   : current policy priorities       
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   Spatial Setting 

 Spatial data presents another important aspect of sustainability    analysis in the 
Russian context. Large disparities between Russian regions in the value of gross 
regional product, life expectancy    and CO 

2
     emissions    make spatial sustainability 

assessment    an interesting and worthwhile exercise. We will show here two major 
results which correspond to the priorities set in the dynamic assessment: emphasis 
on life expectancy and emphasis on economic output. It is interesting to note that if 
life expectancy is taken as a primary sustainability criterion, the fi rst ten most sus-
tainable regions become: Ingushetia, Dagestan, Moscow, Kabardino-Balkaria, 
Karachaevo-Cherkessia, Severnaya Ossetia, Belgorod Oblast, Adygeya, Stavropol 
Oblast and Krasnodarsky Kraj. If economic output is taken as the most important 
criteria   , then Tyumen region (where a large proportion of the natural resources    is 
mined), Moscow (where the taxes are collected), followed by Tatarstan, Lipetskaya 
Oblast, Ingushetia, Tomskaya Oblast, St Petersburg   , Omskaya Oblast, Belgorod 
Oblast and Dagestan become the leading regions in terms of sustainability. The 
results of the analysis allow us to conclude that the development of Russian regions 
is characterised by extreme unevenness. Depending on the chosen set of priorities, 
completely different regions appear as more sustainable in the rating. 

 In light of these facts, it seems extremely important and desirable to undertake 
similar regional assessments using larger    sets of criteria including crime rates, 
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  Fig. 7.6    1995–2006, 10 criteria   : more humanistic policy priorities       
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income differentiation, unemployment, emissions    of substances other than CO 
2
    , 

resource use   , generation of waste   , consumption of energy   , the share of renewables    
in the energy mix and other sustainability    indicators. 

 The methodology presented here could help to highlight regional problems 
which need to be addressed and to fi nd the regional sustainability    leaders which 
need to be supported. It should be underlined that such application of multicriteria 
methods    for the analysis of dynamic tendencies of sustainable development    in the 
Russian context is undertaken for the fi rst time.  

   Discussion 

 Treatment of many confl icting priorities simultaneously is a challenge which many 
national governments and international organisations face today. 

 We have seen that the positive trend in the Human Development Index   , coupled 
with the increasing, and then decreasing values of Adjusted Net Savings   , as well as 
trends in the different additional sustainability    criteria    based on the United Nations 
sustainable development    indicators framework create a multifaceted picture of the 
development of Russian society, further complicated by enormous regional 
disparities. 

 Specifi c policy priorities, as was shown in this chapter   , can determine the result of 
the evaluation of “progress”, the interpretation of which rests heavily on social con-
sensus and shared values. We have seen that placing more emphasis on social aspects 
of development, such as longer and healthier life and reduction of income inequali-
ties, as well as environmental aspects, such as cleaner air, climate change    mitigation, 
increased deployment of renewable energy    technologies   , and contribution towards 
global sustainability    as opposed to increase in the GDP   , change the interpretation of 
the progress that society experienced in a particular time frame. Therefore, the hier-
archy of policy priorities which are supported by the given society or international 
community can stimulate a pattern of more or less sustainable development   . 

 The solution for the current critical situation seems to be the following – growth 
in education    expenditure, increase in government and stimulation of private invest-
ment    in the national economy   ; the use of cleaner technologies    (minimization of CO 

2
     

emissions   ), a transition to more extensive use of renewable energy    (minimisation of 
natural capital depletion    in the long run), and more effi cient use of energy in differ-
ent sectors, development of sustainable waste    management systems, capable of 
returning valuable resources    to economic circulation and thereby reducing environ-
mental impacts   . 

 It can also be seen in the assessment that increasing number of criteria    bringing 
relevant dimensions into the evaluation framework further increases the degree of 
uncertainty of domination of particular periods of assessment over others, which is 
depicted in the length of the bars around the probabilities of domination in respec-
tive charts. The application of multicriteria assessment    methods, therefore, can be a 
valuable tool for policy analysis    and can help deal with high levels of complexity in 
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a sustainability    assessment problem. Such assessments can stimulate debate on the 
nature of sustainability and the vector of development of particular countries or 
regions and can improve understanding of the links between the constituent parts of 
the multidimensional evolving economy-society-environmental system. 

 Thus, the proposed approach offers a comprehensive framework for the assess-
ment of sustainability    at the macro level and could provide necessary support for 
policy makers in establishing priorities for development as well as evaluation of 
progress in a multi-dimensional setting. In the context of the evolving economy of 
Russia   , it seems that more emphasis is needed on the elicitating of social prefer-
ences and democratic articulation of different interests within a society, so that 
social and environmental issues can become as important as the speed of economic 
development;    and the true sustainability of development could be secured. The pro-
posed model also illustrates the need to conduct active policy in these fi elds, which 
are areas of relative “unsustainability” in Russia. Additional measures to reduce the 
gap between rich and poor should be undertaken, for example with the help of a 
progressive taxation    system; active government investment in the sciences should 
support and develop research potential, additional investment    should be directed 
towards the development of the health    care    system, the development of environmen-
tal management    systems, including the preservation of forests, development of the 
waste    management systems, development of renewable energy    systems, as well as 
creation of an environment   , capable of securing an increase in life expectancy   . We 
would like to hope that Russia could achieve more progress in the fi eld of sustain-
able development   .       
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  Abstract   Renewable energy is seen as an alternative to conventional energy 
sources, which are predominantly fossil-fuel based and cause dangerous climate 
change. Various forms of renewable energy also require some resource inputs and 
installations need to be replaced every 30 years or so. This leads an analyst to the 
problem of careful selection of a pool of energy sources. Although the conventional 
form of analysis has largely been centred on cost-minimization, more and more 
additional criteria, belonging to the economic, social, technical, risk, resource and 
emissions realms are introduced to make justifi ed decisions on the selection of one 
technology or of one combination over the other. This chapter makes the fi rst step 
towards this goal by providing taxonomy of criteria used in decision making regard-
ing renewable energy; it also reviews existing modelling approaches which are cur-
rently used in the fi eld. Methodologically, the emphasis in this chapter is on 
multicriteria decision aid tools.  

  Keywords   Renewable energy  •  Decision making  •  MCDA  •  Sustainability  
•  Ecological-economic modelling      

   The Energy System 

 The energy system has been the subject of substantial discussion over the course of 
the last 40 years or so, but each time the discussion intensifi ed, it was for a different 
reason. First, there was an oil crisis and everyone was concerned about energy security, 
“peak oil” and high oil prices, later on the focus shifted toward climate change, with 
the energy system being the largest contributor of anthropogenic GHG emissions. 
Various alternatives have been considered: renewable energy, so called carbon cap-
ture and storage, energy demand reduction. Experiments with reality are usually 
very costly and could lead to undesired consequences. It is for this reason that math-
ematical models have been employed to help understand the functioning of the 
energy system, make justifi ed decisions about its development, choose the best 

    Chapter 8   
 Climate Change and Renewable Energy   : 
How to Choose the Optimal Pool 
of Technologies           
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technologies for combination in a particular region, or design a strategy for CO 
2
  

emissions reduction of 80% over the course of the following 40 years. The energy 
system is complex, with the whole being more than the sum of its parts. 

 Because various elements of the system and different decisions need to be mod-
elled, several approaches have been developed which, taken separately or in combi-
nation, help to improve our understanding of the energy system. It should be noted 
that modelling should not be aimed at providing a fi nal answer, but its main purpose 
is to explore possibilities, learning about the complexities of the system, which often 
come from the interaction between the analyst or decision maker and the model.  

   Methods 

 The most frequently used approaches to the modelling of the energy system have 
been: optimization; input–output analysis (IO), life cycle assessment (LCA) and 
multicriteria decision aid (MCDA). 

 Optimization is a tool invented during the Second World War to plan the 
 effectiveness of military and supply operations. Its main aim is to fi nd the solution 
(a vector in a multidimensional space) which maximises or minimises a certain 
function, subject to certain constraints. Various structures of problems (among the 
standard formulations are such exotic types as “the travelling salesman problem”, 
“the knapsack problem”, or “the diet problem”) determine the most adequate math-
ematical formulation. The options available to the analyst are: continuous or integer 
variables denoting decisions; the shape of the goal function – linear, concave, qua-
dratic; the use of time in the model and dependence of future states of the system on 
past decisions (dynamic programming); the degree of uncertainty associated with 
problem parameters (interval programming, stochastic programming) or the num-
ber of explicit goal functions (single criteria or multiple criteria programming). 

 Historically, Stefan Rath-Nagel and Kenneth Stocks in 1981 developed a multi-
criteria optimization problem that described the functioning of the energy manage-
ment system, had a detailed technological choice component and was designed to 
help in planning over the relatively long periods of time. The most prominent fea-
ture of the article was a “Price/Security” trade-off curve. Later on this model was 
developed further at IEA and became a well known MARKAL model. It is now 
used by all OECD governments to plan their energy systems and draw plans for CO 

2
  

emissions reductions. Unfortunately for the energy system and the development of 
modelling techniques, the idea of a multiple criteria optimization problem was 
abandoned, and the MARKAL model was reduced to the cost-minimization tool. It 
should be said that usually a wealth of aspects of the energy system need to be taken 
into account: economic, social, technical, environmental; and to reduce such com-
plexity to a single-criterion is gravely to oversimplify the real process. 

 Another major method, input–output analysis is used to analyse what will  happen 
to the whole economy if certain changes are made in one part of it (i.e. energy sys-
tem). The method was designed by the Nobel Prize winning economist W. Leontief 



135Methods

and is based on a system of linear equations which link intermediate inputs to 
production processes with fi nal demand. The national economy in this case is con-
sidered as a network of sectors, homogeneous types of economic activity such as car 
manufacturing, aviation or education and health care. The beauty of this method 
comes from the fact that not only direct but also indirect economic impacts can be 
traced. Environmental extensions which exist allow simultaneous  consideration of 
economic and environmental impacts, which could take resource use, emissions of 
various substances as well as the use of water into account. 

 Life cycle assessment is a method for the detailed description of various pro-
cesses from the point of view of inputs and outputs at each stage of the process. A 
system or a process is usually broken down into elementary stages, and the use of 
energy and materials at each stage is meticulously reordered. When all the data is 
collected, aggregate indices of impact are computed, representing global warming 
potential, acidifi cation, toxicity and so on. Such representation allows a comparison 
between certain stages of the process, and is usually aimed at testing alternative 
technological solutions or materials. In the energy sector, many applications are 
focused on individual technologies, e.g. life cycle analysis of nuclear energy, wind 
turbines or solar PV installations. 

 Multicriteria decision aid is a group of methods rooted in the works of the French 
mathematician Prof. Bernard Roy. They are often used when it is necessary to com-
pare several technologies or scenarios from the point of view of a whole spectrum 
of impacts, e.g. economic (installation and management costs), social (employment, 
effects on community), environmental (CO 

2
  and SO 

2
  emissions), resource use, etc. 

Several MCDA tools became more prominent: ELECTRE, PROMETHEE, NAIADE. 
Discrete methods are usually designed to compare several alternatives, whereas 
multicriteria optimization may work with very large spaces of alternatives. 

 There is a substantial literature dealing with the application of multicriteria 
decision aid    (MCDA   ) tools to planning and investment    in energy    alternatives   . Most 
studies were published after 1990. They use a diverse set of MCDA methods, 
including AHP (Chatzimouratidis and Pilavachi  2008 , Noble  2004  ) ; ASPID    (Afgan 
and Carvalho  2002  ) ; MACBETH    (Burton and Hubacek  2007  ) ; ELECTRE    
(Georgopoulou et al.  1997 , Mavrotas et al.  2003 , Siskos and Hubert  1983  ) ; 
PROMETHEE    (Diakoulaki and Karangelis  2007 , Haralambopoulos and Polatidis 
 2003 , Madlener and Stagl  2005  )  and NAIADE    (Cavallaro and Ciraolo  2005 , 
Gamboa and Munda  2007  ) . 

 The fi rst important study is Siskos and Hubert  (  1983  ) , who dealt with the com-
parison of energy    alternatives    in the context of France    from a social and public 
health    point of view. Six major energy systems were compared: oil   , coal   , nuclear   , 
two types of solar thermal    and solar photovoltaic   . The ELECTRE    III MCDA    method 
was used to compare these alternative options where the following set of criteria    
was employed: accidents, public risk, individual risk, collective risk, cost of kWh, 
work content, balance of payments, creation of jobs   , available resources   , securing 
supplies, and technical feasibility   . 

 Georgopoulou et al.  (  1997  )  employed ELECTRE    III to study the choice among 
alternative energy    policies for the Greek island of Crete. The researchers emphasise 
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the multicriteria nature of the strategic problem at hand and criticise dominant 
cost-benefi t approaches. The criteria    identifi ed include: investment    costs, operation 
and maintenance cost   , reliability in covering peak demand   , operationality, stability 
of the network   , cohesion to local activities, regional employment   , air quality   , noise   , 
visual disamenity   , depletion of fi nite energy resources   , risk of climate change   , 
ecosystems    protection, land use   , implementation of EU environmental policy   . 

 Afgan and Carvalho  (  2002  )  use the ASPID    (Analysis and Synthesis of Parameters 
under the Information Defi ciency) MCDA    method to compare the following 
 technologies   : coal   , solar thermal   , geothermal, biomass   , nuclear   , PV solar, wind   , 
ocean, hydro   , and gas using a set of fi ve sustainability    criteria   : effi ciency, installa-
tion cost, electricity cost, CO 

2
     emissions    and area required. 

 Haralambopoulos and Polatidis  (  2003  )  employ the PROMETHEE    II MCDA    tool 
to justify group decision making    on the development of geothermal technology in 
the Greek island of Chios. The following fi ve criteria    were taken into account: con-
ventional energy    saved (toe/year), return of investment    (yearly earnings per initial 
investment) and number of jobs    created, environmental pressures and entrepreneurial 
risk of investment. 

 Mavrotas et al.  (  2003  )  apply a combination of the ELECTRE    TRI approach with 
integer linear programming    to select the best applications for wind    energy    develop-
ment in Greece   . Such an interaction of methods allows us to generate different com-
binations of structural parameters of the problem as well as to carry out a grouping of 
alternatives    when no strict differentiation among alternatives is required (ELECTRE 
TRI is capable of assigning a group of objects to one of the predefi ned classes). 

 Noble  (  2004  )  assesses fi ve development scenarios for the Canadian energy    
system given the following criteria   : atmospheric emissions   , resource effi ciency, 
energy security, economic factors, public health    and safety, etc. Following the 
Delphi method    to extract expert opinions, an Analytical Hierarchy Process (AHP) 
method is applied to perform multicriteria evaluations. At the national level, the 
assessment panel identifi ed alternative A3, which emphasises an increase in renew-
able energies, electricity diversifi cation and improvements in fossil-fuel technolo-
gies    as the preferred option for Canada’s electricity future. Stakeholder and group 
preference    analysis is carried out as well. 

 Cavallaro and Ciraolo  (  2005  )  employ a multicriteria assessment    using the 
NAIADE    method to evaluate the feasibility of installing wind    turbines on the Italian 
island of Salina. Four different scenarios are considered, varying in term of capacity 
and number of installations, using the following criteria   : investment    cost, operating 
and maintenance costs, energy    production capacity, fuel savings, technological 
maturity, realisation times, CO 

2
     emissions    avoided, visual impact, acoustic impact   , 

impact on ecosystems   , social acceptability. 
 Madlener and Stagl  (  2005  )  propose a comprehensive methodology for the 

assessment of renewable energy    technologies    using a structured set of criteria   . The 
set is composed of a range of indicators, representing a biophysical dimension: 
Resource inputs needed for production (land resources   , water, material require-
ments, indirect energy requirements), potential environmental consequences 
(impacts on natural biota, habitats and wildlife, environmental risks   , visual intru-
sion, impact on microclimate, impact on soil productivity, impact of resettlements), 
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potential consequences of energy conversion and use (air pollution   , organic    
emissions   , generation of solid wastes, water pollution, pressure on land and water 
resources and other hazards), and socio-economic impacts (employment, occupa-
tional hazards, noise   , impact on local poverty, household income disparity, demo-
cratic control over markets, safety of power supply, impact on balance of trade, 
long-term economic  viability, local net value added, economic risk to ratepayers, 
impact on fl exibility of supply). The authors suggest that Promethee II be used as 
a MCDA    tool for this type of problem. 

 Gamboa and Munda  (  2007  )  explore the problem of wind    farm location in 
Catalonia, Spain    using the NAIADA MCDA    approach. The following criteria    
are taken into account: land owner’s income, distribution of income, income of 
 municipalities, number of jobs   , visual impact, forest loss, noise    annoyance, avoided 
CO 

2
     emissions   , and installed capacity. Stakeholder analysis is performed to under-

stand how stakeholder    coalitions might be formed. 
 Burton and Hubacek  (  2007  )  study the implementation of renewable energy    

schemes in a local borough of the County of Yorkshire with the help of the 
MACBETH    method. The following technologies    are compared: solar PV, micro-
hydro   , micro-wind   , biomass   , large scale wind, landfi ll    gas, large scale hydro, energy 
from waste   . The criteria    taken into account are: capital cost, operation and mainte-
nance, generation capacity, lifespan, carbon emissions   , noise   , natural environment    
and social consequences. 

 Diakoulaki and Karangelis  (  2007  )  apply the PROMETHEE    method in order to 
compare several energy    strategies for Greece    using the following criteria   : invest-
ment    cost, production cost, guaranteed energy, available power during peak load, 
security of supply, CO 

2
     increase, SO 

2
  emissions   , and NOx emissions. 

 Chatzimouratidis and Pilavachi  (  2008  )  evaluate ten energy    generation technolo-
gies   : coal   , oil   , natural gas turbine, natural gas combined cycle, nuclear   , hydro   , wind   , 
photovoltaic, biomass   , and geothermal using the Analytical Hierarchy Process. The 
following criteria    are taken into account: quality of life    (accident fatalities, 
NMVOCs, CO 

2
    -eq, NOx, SO 

2
 , PM and land required) and socio-economic aspects 

(job creation, compensation rates, social acceptance). 
 All the approaches outlined above are summarised in Table  8.1 , which is an 

important structural element for extracting the taxonomy of criteria    for sustainable 
energy    systems decision making   . One can see that a wide spectrum of methods have 
been used to support energy decisions, and although some papers have been focused 
on the comparison of individual technologies   , others looked at the comparison of 
strategies, including deployment of multiple types of energy technologies.   

   Taxonomy of Criteria 

 Figure  8.1  presents a the taxonomy of sustainable energy    systems decision 
criteria   . They are broadly differentiated between six major groups: economic (C), 
social (S), resource inputs (R), emissions    (E), risks    (K) and technical feasibility    
(T). Each group is represented by a range of criteria found in the literature. 
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Percentages given next to each criterion denote the frequency of occurrence of 
each criterion in the body of research. For example, in the Resource Input section, 
33% of the studies took into account “Land” as a criterion, 8.3% assessed the use 
of “Water”, 16.7% took into account “Material Requirements”, and 8.3% – 
“Indirect Energy Requirements”. The most popular criteria have been: “Capital 

Economic: 
Capital costs C1 (41.6%) 
Operation and maintenance costs C2 (33%) 
Cost of Electricity (KWh) C3 (16.7%) 
Local Gross Value Added (GVA) etc. C4 (25%) 
Internal Rate of Return (IRR) etc. C5 (16.7%) 
Economic factors C6 (16.7%)  
Long-term economic viability C7 (8.3%) 
Impact on the balance of trade C8 (8.3%) 

Social: 

Employment S1 (50%) 
Distribution of Impacts S2 (25%) 
Social acceptability S3 (25%) 
Visual Impact S4 (33%) 
Cohesion to local activities S5 (8.3%) 

Resource inputs: 

Land R1 (33%) 
Water R2 (8.3%) 
Material requirements R3 (16.7%) 
Indirect energy requirements R4 (8.3%) 

Factors of assessment: 
Economic C
Social S
Resource inputs R
Emissions E
Risks K
Technical feasibility T

Emissions: 

Noise E1 (41.6%) 
CO2 Emissions E2 (58.3%) 
NOx Emissions E3 (16.7%) 
SO2 Emissions E4 (16.7%) 
PM E5 (8.3%) 
NMVOC E6 (16.7%) 
Forest loss E7 (8.3%) 
Impacts on ecosystems E8 (25%) 
Solid wastes E9 (8.3%) 
Water pollution E9 (8.3%) 
Impacts on soil productivity E10 (8.3%) 
Impact on microclimate E11 (8.3%) 

Risk:

Accidents K1 (8.3%) 
Individual risk K2 (16.7%) 
Public risk K3 (16.7%) 
Security of supply K4 (33.3%) 
Safety in covering peak demand K5 (8.3%) 
Operational stability of the network  K6 (8.3%) 
Entrepreneurial risk of investment K7 (8.3%) 
Economic risk to ratepayers K8 (8.3%)

Technical Issues: 

Technical Feasibility T1 (8.3%)
Installed capacity T2 (25%)
Time required to install T3 (8.3%)
Lifespan T3 (8.3%)
Available power in peak load T4 (8.3%)
Technological maturity T5 (8.3%)
Impact on flexibility of supply T6 (8.3%)
Efficiency T7 (8.3%)

  Fig. 8.1    Factors of sustainable energy    systems analysis       
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costs” and “Operation and Maintenance Costs” in the economic set; “Employment” 
and “Visual Impact” in the social set; “CO 

2
     emissions” and “Noise” – in the 

emissions set; “Installed Capacity” in the technical set; “Land” in the resource 
inputs set and “Security of Supply” in the risks set. The chart represents the result 
of substantial analytical work and gives a very good overview of how sustainable 
energy issues were addressed in the past. It should be noted perhaps that the fre-
quency of occurrence of a criterion in the literature does not mean that it is the 
only necessary factor to be taken into account, quite the contrary: it makes sense 
to study all the criteria identifi ed and form a selection according to the goals of a 
particular project.  

 It would be interesting to compare existing tools used for energy    planning and mod-
elling, such as MARKAL    with the taxonomy of criteria    presented in Fig.  8.1 . It will be 
clear that the absolute majority of studies do not cover even half of all the important 
aspects of the problem which need to be taken into account.  

   Decision Support Systems 

 Decision support for sustainable energy    systems is a complex task and usually 
requires the application of sophisticated software. Some of the major software pack-
ages which might be used for sustainable energy analysis are compared in Table  8.2 . 
Of all the tools, the following were selected: DREAM    (Open University), LEAP   , 
RetScreen   , GEMIS   , MDM E3   , Homer   , MARKAL   , MESSAGE   . All the packages are 
compared using the same framework and the analysis is focused on the following 
parameters: main purpose; integratedness; main instrument being used; special 
capabilities; static/dynamic character; timescale of the possible model; geographical 
scope; non-energy effects taken into account; sectors of the economy; cost of the 
model, how widely it is used and who developed it.  

 It becomes apparent that, in order to chose the most relevant model for the task, one 
needs to travel across the table and check whether the time scale offered, the geo-
graphical scope, number and types of technologies    being taken into account, the 
detailed description of economic links, the type of instrument used (systems dynam-
ics   , econometrics, input–output analysis   , or optimization) and data availability to fi ll 
the model fi t the purpose of the assessment and the amount of information available. 

 Often, no single tool is capable of addressing all the research needs of a particular 
project. Sometimes, new modelling effort will be required; we live in a very complex 
world, so why should we address it with oversimplifi ed methods of enquiry?  

   Renewable Energy in the UK 

 Let us turn to the current state of affairs in renewable energy    which, after the recent 
nuclear    tragedy in Japan,    will become more politically interesting. It is clear that at 
the present moment renewable energy    alone cannot satisfy all the world’s energy 
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requirements and nuclear energy plays a very important role; however it is clear that 
the future should depend on the new generation of more environmentally friendly 
energy-generation technologies   . 

 The World Wind Energy Report published by the World Wind Energy 
Association announced that in 2008 the total world installed capacity of wind    has 
reached 121 ¢ 188 MW, of which almost a quarter, 27 ¢ 261 MW were added in 
2008. All wind turbines installed by the end of 2008 worldwide generate 260 
TWh per annum, equalling more than 1.5% of global electricity consumption. 
Wind energy    became a global job creator and generated 440,000 jobs    worldwide. 
In 2008, the total turnover of the wind energy sector has reached a mark of 40 bil-
lion euro. USA and Germany    took the lead in share of world installed capacity: 
25,170 and 23,903 MW respectively. UK   , with only 3,200 MW, follows in 8th 
place after Spain   , China   , India, Italy    and France   . The UK installed capacity in 
2008 was equal to one thirds of the wind capacity in India and one fi fth of that of 
Spain. The share of renewable energy    in fi nal energy consumption in the UK is 
currently 0.53%. 

 Figure  8.2  represents UK    fi nal energy    consumption in 2007. We can note that a 
very large share of the mix is occupied by petroleum products (48%), and the  second 
largest category is natural gas (31%) with electricity occupying the third place at 
almost 18%. It should be noted that a major proportion of petroleum products goes 
into the manufacturing of car and aviation fuel, and considerable amounts of gas 
and electricity are used in homes.  

 If we explore the dynamics of renewable energy    generation in the UK    (Fig.  8.3 ) 
it will be clear that the UK managed to more than double the amount of energy 
generated from renewables between 2003 and 2009, with the most rapidly expand-
ing sectors being onshore wind   , off-shore wind, and landfi ll    gas, given that large 
scale hydro    had a stable presence in the mix.  

 The UK    Government is currently trying to establish its long-term strategy devoted 
to the radical reduction of CO 

2
     emissions   , primarily caused by the generation of 

energy    and transport activities. As was shown earlier, there are substantially different 
possible strategies for achieving this, namely, using substantial proportions of nuclear    
energy, natural gas and off-shore wind    or a balanced mix of smaller-scale renewables 
including on-shore wind, hydro   , geothermal, solar and other sources. Characteristically, 
these paths could have surprisingly similar CO 

2
  generation trends.  

   The MARKAL Model 

 To support national-scale decision making    on CO 
2
     emissions    mitigation a model 

called MARKAL    is very often used. This model is an optimization tool developed 
by/for the IEA to assess various strategies of development of the energy    system. It 
is a technological choice model which operates in terms of costs and emissions 
associated with different technologies    and it is usually run in a cost-minimization 
setting. Historically, the MARKAL model, developed at the International Energy 
Agency    (Rath-Nagel and Stocks  1982    ) in the aftermath of the 1970s energy crisis, 
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   Table 8.2    Sustainable energy    assessment software   

 DREAM     LEAP     RetScreen     GEMIS    

  Main purpose   Dynamic regional 
energy 
analysis 

 Long range energy 
alternatives 
planning 
system 

 Clean energy 
project 
analysis 
software 

 Global emission 
model for 
integrated 
systems 

  Integrated-ness   Integrated  Integrated  Series of 
technology 
oriented 
models 

 Integrated 

  Main 
instrument  

 Systems 
dynamics    
modelling 

 Scenario analysis  Project 
analysis 

 Lifecycle 
analysis; 
scenario/
process 
analysis 

  Special 
capabilities  

 Analysis and 
visual 
representation 
of key CO 

2
     

emission and 
abatement 
policy 
scenarios 

 –  Energy policy 
analysis; 

 – Environmental 
Policy 
Analysis; 

 –  Biomass and 
Land-Use 
Assessment; 

 –  Investment 
Project 
Analysis; 

 –  Integrated 
Energy 
Planning; 

 – Full Fuel Cycle 
Analysis; 

 –  Energy 
balances, 

 –  Lifecycle 
diagrams, 

 –  Costs and 
benefi ts, fuel 
transport 

 1. Clean 
Energy 
Project 
Analysis; 

 2. GHG 
Emission 
analysis; 

 3. Financial 
Risk 
Analysis; 
Sensitivity 
analysis 

 1. Lifecycle 
computations 
for a variety 
of emissions   , 
estimation of 
resource use   ; 

 2. Costs 
calculation; 

 3. Aggregation 
of emissions    
into CO 

2
     

equivalents, 
calculation of 
external costs; 

 4. emission 
standards, 

 5. energy    
carriers 

  Static-dynamic   Dynamic  Simple dynamics, 
growth rates, 
Time-series 
wizard 

 Dynamic  Dynamic 
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 Cambridge MDM E3    
model  Homer     Markal  MESSAGE    

 Multisectoral dynamic 
model of the UK    
economy 

 Micropower optimiza-
tion model 

 Energy supply with 
constraints 

 Optimisation    of 
energy    supply 
systems 

 Integrated  Integrated  Integrated  Integrated 

 Econometric 
input–output 
modelling 

 Optimisation    and 
sensitivity    analysis 

 Linear program-
ming, dynamic 
programming 

 Dynamic 
programming 

 Analysis of effects of 
environmental 
policy   , changes in 
energy    prices, 
development in 
particular sectors of 
the economy on the 
rest of the economy 
and the 
environment   ; 

 Energy–Economy–
Environment 
forecasts; Capability 
to take long-term 
development into 
account 

 Simulation: HOMER 
simulates the 
operation of a 
system by making 
energy    balance 
calculations for 
each of the 8,760 h 
in a year. 
Optimization    After 
simulating all of 
the possible system 
confi gurations, 
HOMER displays a 
list of confi gura-
tions, sorted by 

 1. To identify 
least-cost energy    
systems; 

 2. To perform 
prospective 
analysis of 
long-term 
energy    balances 
under different 
scenarios; 

 3. to evaluate new 
technologies    
and priorities for 
R&D; 

 4. to evaluate the 
effects of 
regulations, 
taxes, and 
subsidies; 

 Detailed description 
of energy    end uses 
and (renewable) 
energy technolo-
gies   . MESSAGE    
III evaluates 
energy systems 
costs and capital 
requirements for 
energy planning 
(scenario 
development) and 
CO 

2
     tax impacts 

on energy mix 

 Dynamic  Dynamic  Dynamic  Dynamic 
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 DREAM     LEAP     RetScreen     GEMIS    

  Time scale   Monthly periods  Medium to 
long-term, 
annual time 
steps 

 25 years  1995–2030 

  Geographic 
scope  

 Regional/National  Global/Regional/
National/Local 

 Local with any 
location 
globally 

 Regional 

  Non-energy     
 effects  

 CO 
2
     emissions     Cement process 

emissions: CO 
2
     

Non-biogenic 
landfi ll 
emissions: 
methane; CO 

2
  

sequestration, 
CO 

2
  Non-

biogenic 

 Tonnes of CO 
2
     

per year; 
CH 

4
  and 

N 
2
 O 

emissions    
converted 
to CO 

2
  

equivalent 

 CO 
2
     equivalents, 

SO 
2
  equiva-

lents, and 
Tropospheric 
ozone 
precursor 
potential 
(TOPP), and 
by a 
calculation of 
external costs; 
Employment 
effects; 
Resources 
Use: CEC, 
CER, and 
CMR; Land 
Use – area 
affected by 
processes; 
Costs 
– internal and 
external costs 

Table 8.2 (continued)
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 Cambridge MDM E3    
model  Homer     Markal  MESSAGE    

 1960–2010  8760 1 h periods per 
year 

 Medium, long term 
(40–50 years): 
minimum 
1 year; 
maximum 9 
periods; 9 
periods of 
5 years is most 
common 

 Short, medium, long 
term 

 National (UK   -
MDM-E3), 
European E3ME, 
Global E3MG 
(being developed) 

 Local/Regional  Local, regional, 
national scales 
possible 

 Global (11 Regions) 

 Employment, Impacts 
on related sectors 
and the economy as 
a whole, emissions 

 Different designs of 
the renewable 
energy    system; 
include possibility 
to sell to the grid. 

 CO 
2
     emissions   , 

costs, consumer 
surplus 

 Resource extraction 
analysis;-import/
export of 
energy   ;-energy 
conversion 
analysis;-energy 
transport and 
distribution 
analysis;- fi nal 
energy utilisation 
by consumers 
analysis;-environ-
mental protection 
policy;-investment    
policy;-opportu-
nity costs 
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 DREAM     LEAP     RetScreen     GEMIS    

  Sectors of the 
economy  

 Domestic Sector 
(space 
heating, water 
heating, 
cooking, 
lighting and 
appliances); 
Services 
Sector 
(Offi ces, Pubs 
and Clubs, 
Residential 
(Hotels etc.), 
Commercial 
Services 
(Banks etc.), 
Government, 
Shops, 
Distribution, 
Catering, 
Defence, 
Education, 
Health, 

 Household (urban 
and rural); 
Industry (Iron 
and Steel, Pulp 
and Paper etc.); 
Transport; 
Commercial 

 Renewable 
energy    
sectors 
(project 
specifi c) 

 NACE 
Nomenclature 
(99 sectors) 

  Cost   Free to OU  Free for an 
evaluation 
version 

 Free  Free 

  How widely 
used?  

 Milton Keynes, 
Barcelona 

 100 government 
agencies, 
utilities and 
research 
institutes in 
over 30 
countries 
(Costa Rica, 
Senegal, 
Philippines, 
USA, 
Zimbabwe etc.) 

 Project 
manage-
ment and 
regional 
authorities, 
Canada, 
USA, 
Germany   , 
UK   , 
Denmark   , 
Japan   , 
France   , 
China    etc. 

 Universities, 
companies 
and local 
authorities 
(mostly 
Germany   ) 

  Developer   Dr Godfrey 
Boyle, The 
Open 
University 

 The Boston Center 
of the 
Stockholm 
Environment 
Institute (SEI 
Boston) 

 Natural 
Resources 
Canada 

 Öko-Institut e. V. 
(Institute of 
Applied 
Ecology, 
Germany   ) 

Table 8.2 (continued)
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 Cambridge MDM E3    
model  Homer     Markal  MESSAGE    

 41 industries  Renewable energy    
sectors (project 
specifi c) 

 Energy sector only  Energy sector 

 Not for sale  Free  Expensive  No data 

 UK    government  Almost 9000 users in 
178 countries 

 Most IEA member 
states, 
Indonesia, 
Brazil, Tunisia, 
local communi-
ties, regional 
utilities, etc. 

 IPCC 

 Cambridge 
Econometrics 

 National Renewable 
Energy    Laboratory, 
USA 

 International 
Energy Agency    
(IEA)/ETSAP 

 International Institute 
for Applied 
System Analysis 
(IIASA), Austria    
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  Fig. 8.2    Final energy consumption   , UK   , 2007       

  Fig. 8.3    UK    energy generated from renewables GWh       

was widely used to address the needs of strategic policy formulation related to the 
changing energy mix. It is interesting to note that in the original paper,    the MARKAL 
model has been presented as a multicriteria optimization tool, with a focus on 
analysing effi ciency frontiers or the boundaries of non-dominated solutions. Over 
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the years, the attention of the energy planning community diverged from the initial 
formulation of the energy model and it was simplifi ed to single criterion optimization, 
which, unfortunately, neglects very important aspects of the problem. 

 The MARKAL    model with its extensions is currently used in 79 institutions in 
38 countries: it has been applied in Australia (Naughten  2002  ) , Department of 
Energy’s Offi ce of Policy used MARKAL as the primary tool to analyse the 
impact of the Kyoto Protocol on the U.S. energy    system USA (Morris et al.  2002  ) , 
the UK    (Strachan et al.  2007  ) , the province of Ontario, Canada (Berger et al. 
 1990  ) , China    (Chen  2005  ) , the Netherlands    (Gielen  1995  ) , Latvia    (Shipkovs et al. 
 1999  ) , Estonia    (Agabus et al.  2007  ) , Switzerland (Schulz et al.  2008  ) , Vietnam 
(Nguyen  2007  ) . Applications focused on particular technologies    or policy instru-
ments deal with, among others, green certifi cate market in the Nordic countries 
(Unger and Ahlgren  2005  )  and in Italy    (Contaldi et al.  2007  ) , photovoltaics (Endo 
and Ichinohe  2006  ) , vehicle mix in the passenger car sector in Japan    (Ichinohe 
and Endo  2006  ) . 

 Just as, in the fi nancial sector, the use of the same asset pricing model might 
lead to emerging behaviour for the system as a whole which could lead to a 
crash, the energy    system is no exception. If, following a recommendation from 
the International Energy Agency   , most OECD    countries use a cost-minimising 
MARKAL    model to design their energy strategies, it is not surprising that renew-
ables have not reached a share close to 30–50% in most European countries. There 
seems to be a serious problem in using a single criterion optimization framework 
for forward-looking-innovation-led strategic planning. It is absolutely clear that 
the original intention of using multi-criteria    optimization for energy systems 
modelling was more appropriate for the type of system the energy system is, given 
the multiple dimensions of its performance, depicted in Fig.  8.1 . 

 Tools as alternative to optimization or multicriteria decision aid    have also been used; 
the analysis of the energy    system has been pioneered in the 1970s by John Proops, who 
employed the technique of input–output analysis    (Gay and Proops  1993 , Proops  1977, 
  1984 , Proops and Speck  1996 . A Cambridge group of econometric input–output mod-
ellers, which grew out of the Cambridge Growth project chaired by Richard Stone, has 
produced one of the most detailed energy–environment   –economy models of the UK    
economy, entitled MDM-E3 (Barker  1981 , Barker et al.  1980a,   2007a,   b,   c  ) . 

 It seems that, given the current development of mathematical methods, an area of 
multicriteria optimization of national sustainable energy    systems becomes very 
promising. Chapter   11     deals with a similar issue in the context of sustainable waste    
management. The interested reader will note that mathematically those two prob-
lems are almost identical. It would make perfect sense to explore the so called “effi -
cient sets” of non-dominated solutions and create new and useful tools for comparing 
the elements of those sets. Also it would be highly desirable to undertake full com-
parative analysis of various energy technologies    either taken separately or in various 
mixes using the taxonomy of criteria    outlined in Fig.  8.1 . In this book we cannot 
provide all the answers, something must be left unexplained and it is up to the inter-
ested reader to explore the potentially challenging but highly stimulating problems 
at which this book hints.      
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  Abstract   This chapter summarises research undertaken to develop a methodology 
for a multi-criteria assessment of biodiversity which takes into account a multitude 
of criteria and stakeholder perspectives. The proposed methodology will be of 
particular value for developing countries, where confl icts of interest regarding eco-
systems and biodiversity are numerous and often involve businesses, government, 
local residents, and other stakeholders. The chapter reviews the state of the art in the 
field of multi-criteria methods and assessment of ecosystems and biodiversity. 
It presents the results of analytical work undertaken on the basis of interviews 
carried out in the Provence–Alpes–Côte d’Azur (PACA) region of France, focusing 
on biodiversity in the Réserve Naturelle Coussouls de Crau. 

 The chapter addresses three main issues: selection of the multi-criteria assessment 
method, selection of the assessment criteria, and a comparison of stakeholder 
interests in the context of biodiversity analysis. The identifi cation of potential decision 
criteria was based on a survey of key stakeholders, namely the Management of the 
Réserve Naturelle Coussouls de Crau; the Muséum National d’Histoire Naturelle, a 
national biodiversity research institution; the Laissez-faire Association, protecting 
the interests of the agricultural community; CDC Biodiversité (a branch of Caisse 
des Dépôts), a group carrying out long-term investments in the public interest; 
and the Direction regionale de l’environnement Provence–Alpes–Côte d’Azur 
(DIREN-PACA). Based on these interviews, 14 ecological, nine economic, and 
12 social criteria were identifi ed. Further analysis revealed very few points of 
overlap among the interests of the stakeholders, which complicates the case for 
consensus building. 

 Not accepting the idea that the value of ecosystems and biodiversity can be 
expressed in monetary terms, the author suggests an alternative, more inclusive 
approach, focusing on multiple social, economic, and ecological dimensions of 
ecosystem value, and illustrates the existence of divergent interests among stake-
holders. This experience would be particularly useful in situations where local 
communities have to defend their right to a clean environment and preserve 
important virgin ecosystems for future generations.  

    Chapter 9   
 Biodiversity Loss: New Methods 
for Evaluating Ecosystems              
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  Keywords   Ecosystems  •  Biodiversity  •  Multi-criteria decision aid (MCDA)  
•  Stakeholders  •  Criteria  •  Interests      

     Ecosystems  

 Ecosystems    can be seen as a scarce common-pool resource with a multitude 
of characteristics, seen by potential users from differing perspectives (Adams 
et al.  2003 , Lant et al.  2008 , Ostrom  2008 , Ostrom et al.  1999  ) . According to the 
Millennium Ecosystem Assessment   , “over the past 50 years, humans have changed 
ecosystems    more rapidly and extensively than in any comparable period of time in 
human history, largely to meet rapidly growing demands for food, fresh water, timber, 
fi bre, and fuel. This has resulted in a substantial and largely irreversible loss in the 
diversity    of life on Earth” (Millenium Ecosystem Assessment  2004  ) . There is a need 
to facilitate decisions on the future of ecosystems and to have clear methodologies 
for classifying ecosystems into valuable ecosystems which should be protected, 
parts that should be restored and parts that might be developed. The instrument of 
multidimensional integrated assessment might be a good tool to manage the 
complex resources under study and help to reduce the fragmentation of ecosystems 
and improve their quality. The key question when setting up a mitigation banking 
system becomes how to classify or value ecosystems, what might be the unit of 
value (if anything) and how to fi nd an area of equal value to compensate within the 
mitigation banking mechanism? 

 Ecosystems    are multifunctional, complex systems   , described by a multitude of 
characteristics from the point of view of multiple criteria    (Fig.  9.2 ). How to com-
pare objects with multiple characteristics has been the focus of area of Multi-Criteria 
Decision Aid (MCDA   ). Methods of multi-criteria analysis have been developed to 
address the problem of incommensurable values. These methods seek to account for 
the social, economic and environmental dimensions of decisions. This paper    
presents a review of methods and applications of multi-criteria analysis in the 
context of ecosystems    and biodiversity    assessment, and a selection of the most 
appropriate tool among the MCDA methods and it identifi es a set of criteria relevant 
to the case study in southern France   . A discussion on the diversity    of interests and 
ways of mitigating confl ict will follow. 

 Recently, at regional, corporate and local level, decisions regarding the use of 
natural resources   , investments and other forward looking strategies have been 
guided by monetary methods, notably cost-benefi t analysis. Following Kapp  (  1970  ) , 
O’Neil  (  1997  ) , Foster  (  1997  ) , and Martinez-Alier et al.  (  1998  )  showed the role 
which incommensurability of values    plays in decision making    problems, illustrated 
the inherent limitations of cost-benefi t analysis   , and identifi ed multicriteria methods    
as viable alternatives   . Sustainability problems usually imply relatively low levels 
of substitutability among criteria    to be satisfi ed, given the urgency and complexity of 
the problems we are facing: loss of biodiversity   , climate change   , deterioration 
of public health   , and poverty. We need to understand multiple dimensions of the 
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decisions that are taken today and the links    between these dimensions (Shmelev and 
Shmeleva  2009  ) . In making decisions, it is necessary to assess likely multiple 
consequences of these decisions in the future and to work on innovative strategies 
which would satisfy multiple criteria to the best possible extent. New multicriteria 
methods, when applied at the local, regional and corporate level would allow stimu-
lation of the shift in the development pattern toward sustainability   .  

     Provence Case Study 

 The Nature Reserve of Crau    is situated in the South of France   , southeast of Arles. 
The region is surrounded from the South by the Mediterranean Sea, from the East 
by Étang de Berre, and from the West by the river Rhone. The region is well 
described in the paper    by Buisson (Buisson and Dutoit  2006  ) . Figure  9.1  depicts the 
physical geography of the region of Crau. The Natural Reserve of Crau is embedded 
within a complex network of environmentally sensitive and protected territories. From 
the West it is surrounded by a large RAMSAR    site. The PACA region is covered by 
a few larger and smaller National and Regional Nature Reserves   . The region is also 
neatly covered by the network of marine and land based Zones Naturelles d’Intérêt 
Ecologique Faunistique et Floristique (ZNIEFF). In addition, parts of the Crau 
region are covered by the system of Reserves de Biosphere. The Crau region does 
not have any Reserves Biologiques, or Arretes de Protection de Biotope, neither 
does it have any Parcs Nationaux. However, it is adjoined by the Parc Naturel 
Regional of the Camargue. The system of Natura 2000    territories, 1  largely different 
from the types mentioned above is extremely diverse and covers a considerable 
proportion of the region  

 If we look more closely at the Crau region, the patchiness and multiple designa-
tions of the same little territories becomes apparent. It is often the case that a small 
piece of land is designated simultaneously as a Reserve Naturelle National and Parc 
National Regional or, a Parc Naturelle Regional may be part of a Ramsar site. 
The full structure of the multiplicity of designations in the Crau Region is depicted 
in Table  9.1 . It should be noted that the value of each individual site to be assessed 
with the help of MCDA    would become larger if it fell into several designation 
categories.  

   1   Natura 2000    is an EU-wide network of Special Areas of Conservation    (SAC) and Special 
Protection Areas (SPA). Special Protection Areas (SPAs) are created applying an E.U. directive 
requiring the protection of wild birds (79/409/EEC, 1979). The Department of Ecology of each 
country designates these areas and potential management is planed locally (France   : 103 SPA; 
8,000 km 2 ). The SPA Crau seche was designated in 1990 and covers 11,816 ha. Special Conservation 
Areas (SCAs) are designated applying annex II (animal and plant species of community interest) 
of the E.U. directive requiring the protection of natural habitats (92/43/EEC, 1992). Annex I plans 
for the establishment of a consistent network of SCAs within which SPAs are automatically 
integrated: NATURA 2000. The SCA Crau centrale – Crau se`che was designated in 1996 and 
covers 31,458 ha. (Buisson and Dutoit  2006  ) .  
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 The general problem decision makers are facing in the region is the comparison 
of 60–70 sites within or adjacent to a Nature Reserve and the estimation of which 
sites should be incorporated into the Nature Reserve and which given to developers 
for such projects as a gas pipeline. 

 In cases when there is only one criterion and an infi nite number of alternatives   , 
single criterion    optimization is usually the most appropriate tool; when both the 
number of alternatives is infi nite and the number of criteria is more than one, an 
apparatus of multicriteria optimization may be applied. In the situation, where the 
number of criteria is more than one and the number of objects to be compared is 
fi nite, MCDA    proves to be a viable tool for the development of a robust scientifi c 
assessment methodology, which can be replicated. Alternative    approaches, namely 
citizens’ juries, can be considered, but are not practical because of the relatively 
high number of alternatives (60–70), and also given the existing time constraints 

  Fig. 9.1    Nature reserve of Crau          
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and budget limitations; however the Delphi method    of using expertise and interacting 
with stakeholders will be applied in this study. The chapter will focus on three 
main issues: identifi cation of the assessment criteria, selection of the multi-criteria 
assessment method and the comparison of stakeholder    interests in the context of 
ecosystem and biodiversity    assessment.  

      Integrating Socio-Economic Information in Conservation 
Planning: A Multi-Criteria    Framework 

 Multi-criteria    evaluation of biodiversity    for the purposes of ecological compensation 
and mitigation banking 2  present a methodological as well as a practical challenge. 
Multi-criteria decision tools allow simultaneous consideration of a wide range of 
criteria, representing different dimensions of sustainability   . These may include: 
poverty; governance; health   ; education   ; demographics; natural hazards; atmosphere; 
land; oceans, seas and coasts; freshwater, biodiversity, economic development   , 
global economic partnership, consumption and production patterns (United Nations 
 2007  )  or the social, environmental and economic dimensions of sustainability in 
the previous edition of the United Nations Guidelines. The latest edition of the UN 
Guidelines on indicators of sustainable development    (United Nations  2007  )  
emphasises the link between    different dimensions of sustainability: e.g. the indica-
tor    “Percentage of trees damaged by defoliation” is related to the key thematic 
area “Land” as well as Biodiversity, and Consumption and Production Patterns. 
“Fragmentation of habitat” is related to the key thematic area “Biodiversity” as well 
as to Governance, Land, and Consumption and Production Patterns. 

 In the ecological or more broadly, natural science domain, recent research in 
earth systems science and complexity by V. G. Gorshkov et al.  (  2000  ) , J. Lovelock 
 (  1992  ) , S. Harding  (  2004  )  shows how the complexity of ecosystems    and the 
ecological web and the biosphere    in general can determine climatic stability and 
the resilience of the surrounding region or the global system. Recent research by 
Robert Costanza  (  2008  )  contributes to the debate on the evaluation of a multitude 
of ecosystem services. Thus modern science reveals the increasing importance of 
cross-disciplinary feedback loops. 

 Regan et al.  (  2007  )  present a coherent set of environmental criteria    for evaluating 
biodiversity   . Alexander Moffet  (  2006  )  offers an extensive overview of existing 
applications of multi-criteria methods to the problem of biodiversity evaluation. 
It is interesting to note that the majority of studies reviewed in this paper    have 
been carried out with the help of the MAVT, AHP or goal programming methods. 

   2   Mitigation banking is a tool which emerged in the USA in the 1970s in order to diminish the loss 
of wetland caused by development projects as required by the federal Clean Water Act of 1972. 
The main function of a mitigation bank is to compensate for adverse impacts on natural resources    
by providing for the conservation of a similar resource in another location.  
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It should also be noted that the use of social criteria has been particularly rare in any 
multi-criteria evaluation of biodiversity. 

 In the economic domain, in the spirit of Pearce and Moran  (  1994  )  and Costanza 
et al.  (  1997  ) , increasing efforts have been devoted to attempts to estimate, in eco-
nomic terms, the value of ecosystem services and biodiversity;    this had two major 
aims: to attract public attention to the problem of ecosystem services (which it was 
successful in doing) and to provide the basis for decision making    (at which it was less 
successful). Methods illustrating the economic value of biodiversity have been 
reviewed by Jeroen van den Bergh and Paola Nunes (Nunes and van den Bergh 
 2001  ) , who concluded that the empirical literature fails to apply economic valuation    
to the entire range of biodiversity benefi ts. Therefore, available economic valuation 
estimates should generally be regarded as providing an incomplete perspective on, 
and at best a lower boundary to, the unknown value of biodiversity changes. The 
attempt to assess the value of ecosystem services and biodiversity using a single crite-
rion of money is clearly a simplifi cation in a degree higher than world ecosystems    can 
bear. In our case, incommensurability of certain aspects of value, which is essentially, 
a multidimensional concept, plays a crucial role. This means that the value of ecosys-
tems and biodiversity should be considered using multicriteria methods   , which 
correspond nicely to the multiple dimensions of ecosystem value (see Fig.  9.2 ).  

19 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ecosystem Services 

Economic Ecological Social 

• Water

• Food

• Fibre

• Fuel

• Genetic resources 

• Biochemicals, 
natural medicines 
and
pharmaceuticals

• Biogeochemical cycling (C, 
P, N, etc) 

• Water cycling 

• Primary production 

• Photosynthesis 

• Air quality regulation 

• Climate regulation 

• Water purification and waste 
treatment 

• Cultural diversity 

• Spiritual and religious 
values 

• Knowledge systems 

• Educational values 

• Inspiration 

• Aesthetic values 

• Social relations 

• Sense of place 

  Fig. 9.2    Classifi cation of ecosystem services (Adapted from the Millennium Ecosystem Assessment    
 2004  )        
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 In the social domain, several studies have identifi ed the following socio-political 
criteria    for biodiversity    assessments: economic cost, recreational value, human 
population   , future economic value, scenic beauty, cultural heritage, educational 
value    (Alexander Moffett  2006  ) . The Millennium Ecosystem Assessment    
(Millenium Ecosystem Assessment  2004  )  describes the following cultural services 
provided by ecosystems   : cultural diversity   , spiritual and religious values, knowledge 
systems (traditional and formal), educational values, inspiration, aesthetic values, 
social relations, sense of place, cultural heritage values, recreation and ecotourism 
(Fig.  9.2 ). 

 The social and cultural aspects of biodiversity    conservation, ecosystem health    
and landscape quality have been addressed in a veritable cornucopia of literature 
(Gehlbach  1975 , Inhaber  1977 , Peterson  1974 , Ploeg and Vlijm  1978 , Tubbs and 
Blackwood  1971 , Wright  1977 , Zube et al.  1982  ) . The diversity    of the landscape has 
been proven to be an important feature in providing visual comfort to humans: in a 
series of seminal papers Ulrich  (  1979,   1986  )  showed how important trees and vege-
tation in general are for the health    and wellbeing of an individual. Modern research 
in the public evaluation of landscapes (Nijnik et al.  2008 , Ode et al.  2009 , Tveit 
et al.  2006  )  shows how a multitude of approaches can be applied to the analysis of 
social preferences which stakeholders have towards different scenarios for biodi-
versity and natural ecosystems   . Diversity of the landscape is often reported as an 
important factor for the visual satisfaction humans derive from observing and 
experiencing scenery. Fragmentation has been identifi ed by Taylor  (  2002  )  as an 
important issue in the fi eld of landscape research and planning, which should be 
looked at from different points of view: ecological, socio-cultural, anthropological. 
Lausch and Herzog  (  2002  ) , and Li and Wu  (  2004  )  discuss a range of landscape 
metrics used for the study of regional environmental change, data availability and 
analytical procedures for landscape research. Other integrative attempts to evaluate 
the quality of landscapes include: (Antrop and Eetvelde  2000 , Arriaza et al.  2004 , 
Coeterier  2002 , Dramstad et al.  2006 , De Groot and Van Den Born  2003 , de la 
Fuente de Val et al.  2006  ) . The environmental psychology    school has also made 
interesting contributions to this fi eld (Hagerhall  2001 , Han  2007 ,    Lothian  1999 , 
Van Den Berg et al.  1998  ) . 

 The following approach may be productive when addressing ecological, 
economic and social aspects of biodiversity    evaluation: identifi cation of all rele-
vant stakeholders in the region, design of the questionnaire, where potential 
social, economic and environmental criteria    might be identifi ed, and presentation 
of this questionnaire to all stakeholders with a request to assess on a scale (e.g. from 
1 to 10) the relative importance of various criteria for this particular region. 
Stakeholder responses could be used as a starting point to identify priorities. Then, 
using diverse GIS datasets, depicting various types of protected territories, species 
richness, information on centres of population    density, number of tourists, etc., 
further analysis could be performed with the aim of integrating social preferences 
with ecological data.  
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     Trade-Offs Between Economic and Ecological Outcomes 
in Biodiversity    Offset Decisions 

 In terms of biodiversity    evaluation, the past 20 years have been very productive. 
Anselin et al.  (  1989  )  developed one of the fi rst overviews of how multi-criteria    
methods may be applied to biodiversity assessment   . Margules and Usher  (  1981  )  
summarised the criteria most often used in evaluation: diversity   , rarity   , naturalness   , 
area, threat of human interference, representativeness   , research and educational 
value   , recorded history and potential value, etc. Goldsmith  (  1983  )  proposed a 
distinction between ‘ecological criteria’ such as size, diversity or richness and 
rarity, which can be more or less measured objectively, and ‘conservation criteria’, 
such as potential value and intrinsic appeal    (Van Den Berg et al.  1998  ) , which are 
more in the category of value judgements. Margules and Usher  (  1984  )  suggested a 
further separation of criteria, concluding that, for small sites, ecological fragility, 
threat and both species and habitat were the most important criteria, while represen-
tativeness, size, naturalness and position in an ecological/geographical unit were 
most important for large sites.  

     Multi-Criteria Decision Aid for Ecological Compensation 

 The fi eld of multi-criteria    decision aiding    (MCDA   ) has developed since the 1960s. 
Methodological work focused on discreet methods has been carried out by Roy 
(Roy  1985,   1991 , Roy and Vincke  1981  )  who pioneered the use of multi-criteria 
assessment with the ELECTRE    family of methods. Brans (Brans et al.  1986  )  
created the PROMETHEE    method. Hinloopen and Nijkamp  (  1990  )  developed a 
REGIME    method, while Janssen developed the DEFINITE    package (Janssen  1993  ) . 
Munda  (  1995,   2008  )  developed the NAIADE    method. A survey of multi-criteria 
analysis methods is presented in (Figueira et al.  2005  ) . 

 MCDA    has been applied to a range of regional issues, e.g. industrial develop-
ment   , waste    management, renewable energy   . MCDA methods have also been used 
to analyse the issues of sustainability    assessment on the macro scale. 

 An extensive survey of MCDA    methods was offered by Guitouni and Martel 
 (  1998  )  and a review of several MCDA sustainability    applications was undertaken by 
(De Montis et al.  2004  ) . The paper    by Moffet and Sarkar (Alexander Moffett  2006  )  
presents a good overview of existing approaches to multi-criteria    evaluation of 
biodiversity    in conservation planning. 

 MCDA    presents a new paradigm, which differs from the classical goal of fi nding 
an optimal solution subject to a set of constraints so characteristic of operations 
research   . Within the MCDA paradigm, the primary purpose of analysis becomes a 
search for a compromise solution which satisfi es the decision maker, rather than 
some illusory optimum (Guitouni and Martel  1998  ) . 

 The MCDA    methodological procedure can be described as a non-linear recursive 
process involving four steps (Guitouni and Martel  1998  ) : (i) structuring the decision 
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problem, (ii) articulating and modelling preferences, (iii) aggregating the alternative 
evaluations (preferences), and (iv) making recommendations. 

 Roy  (  2005  )  identifi es the following basic steps in the MCDA    procedure: (i) iden-
tifi cation of alternatives   ; (ii) selection of the family of criteria   ; and (iii) choice of the 
‘problematic’, which may be reformulated as clarifi cation of the type of problem, 
the form of results, and selection of the most appropriate procedure to guide the 
investigation. The following types of problematic are distinguished (Roy and 
Bouyssou  1993 ):

   The choice problematic    (P. • a ): the decision aid is oriented towards the selection 
of a small number of “good” actions in such a way that a single alternative may 
fi nally be chosen;  
  The sorting problematic    (P. • b ): the aid is oriented towards the assignment of 
each action to one category (judged the most appropriate) among a family of 
predefi ned categories;  
  The ranking problematic    (P. • g ): the aid is oriented towards a complete or partial 
pre-order on A, which can be regarded as an appropriate instrument for comparing 
actions;  
  The description problematic (P.  • d ): the aid is oriented towards description in 
appropriate language of the actions and their consequences.    

 A discrete multi-criteria    problem can be described in general terms using the 
following terminology (Munda  1995  ) : 

  A  is a fi nite set of  n  feasible actions (or alternatives   ); 
  m  is the number of different points of view or evaluation criteria     g  

 i 
  ( i  = 1, 2, …,  m ) 

considered relevant in a decision problem, 
 where  g  

 i 
 :  A  →  R  ( i  = 1, 2, …,  m)  is a real valued function representing the  i -th 

criterion according to a non-decreasing preference   , 
 while the action  a  is evaluated to be better than action  b  according to the  i -th point 

of view if-and-only-if  g  
 i 
 ( a ) >  g  

 i 
 ( b ). 

 Therefore a decision problem may be represented in a tabular or matrix form. 
Given the sets  A  (of alternatives   ) and  G  (of evaluation criteria   ) and assuming the exis-
tence of n alternatives and m criteria, it is possible to build an  n * m  matrix  P , called an 
evaluation or impact matrix, whose typical element  p  

 ij 
  ( i  = 1, 2, …,  m ;  j  = 1, 2, …,  n ) 

represents the evaluation of the  j -th alternative by means of the  i -th criterion. The 
impact matrix may include quantitative, qualitative or both types of information. 

 According to Roy  (  2005  ) , the most frequently used decision aiding methods are 
based on mathematically explicit multi-criteria    aggregation procedures (MCAP). 
By defi nition, an MCAP is a procedure which, for any given pair of potential actions, 
gives a clear answer to the aggregation problem. This implies:

    1.    various inter-criteria    parameters, such as weights, scaling constants, veto, 
aspiration levels, rejection levels, etc., which allow us to defi ne the specifi c role 
that each criterion can play with respect to others;  

    2.    a logic of aggregation, which usually takes into account:

   the possible types of dependence which we might want to bring into play • 
concerning criteria   ;  
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  the conditions under which we accept or refuse compensation between “good” • 
and “bad” performances 3 .        

 Roy emphasises the significance of the logic of aggregation of the MCAP. 
He differentiates three types of MCAP approaches:

    1.    Incomparability is not allowed and the rule (aggregation function) is explicitly 
stated. An aggregation function might be a weighted sum, additive, multiplicative 
or lexicographic;  

    2.    Incomparability is accepted, and instead of an aggregation rule, a set of tests, 
which focus on the conditions that must be verifi ed for outranking, is specifi ed. 
In ELECTRE methods such a set uses the concepts of concordance and 
discordance;  

    3.    Primary importance is given to local judgements without considering any 
explicit rules of aggregation. This approach uses a formal protocol orga-
nising the interaction between the decision maker and the analyst in a 
logical way.     

 When assessing the relative importance of particular sites for the purposes of 
biodiversity    compensation (or mitigation banking), the problematic  b  is the most 
relevant. In this case each site might be assigned to a predefi ned quality class, 
e.g. from extremely valuable, to not at all valuable, with 5–7 classes 4  in between. 
Therefore, a decision might be made as to which quality class a particular site 
belongs to and which other sites belonging to a similar class might be used as 
compensation (i.e. as an offset), should it be necessary to use the fi rst site for 
development purposes. The MCDA    method ELECTRE    TRI designed to address 
the problematic  b  5 , focused on the assignment of objects to one of several predefi ned 
classes, and developed at University Paris Dauphine, might be a good candidate for 
such an application. The method requires explicitly defi ned boundaries in each 
criterion for each class under consideration. Other alternative methods might be 
considered, but a decision should be made as to which level of compensation among 
criteria    is appropriate for biodiversity    evaluation schemes, with more compensation 
implying weaker sustainability    and less compensation implying stronger sustai-
nability solutions. The general distinction between weak and strong sustainability 
is understood in the following way: more compensation among sustainability 
dimensions or more substitution of factors is acceptable in the case of weak, and 
less compensation among various sustainability dimensions or less substitution of 

   3    The term “performance” is used to refer to the value of   g  
 i 
  (  a  ), emphasising the fact that some 

of the   g  
 j 
  (  a  ) may not have cardinal interpretations and might be defi ned on a purely ordinal 

scale. When it is useful to emphasise the quantitative nature of   g  
 i 
  (  a  ), the term “performance” 

is replaced by “valuation” (when a criterion is a gradation) or “utility” (when the criterion is 
a measure).   
   4    The standard Likert scale is much used in various fi elds of research and usually comprises from 
four to nine points. The use of a seven to nine point scale will allow necessary quality differentiation 
at the same time keeping the number of categories of value manageable.   
   5    Alternative methods, such as IRIS, PREFDIS, ORCLASS, and TOMASO, addressing problema-
tique   b   could also be considered.   
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factors is possible in the case of strong sustainability. It should be noted that each 
of the MCDA    methods requires careful tuning with the aid of a range of parameters, 
such as threshold levels, priorities, etc. The robustness of recommendations in this 
context is usually assessed using the sensitivity    analysis.  

     Stakeholder Interviews 

 In order to reveal the web of stakeholder    interests regarding the Nature reserve of 
Crau, and to create a basis for discussion of the decision criteria   , several Delphi 6  type 
interviews with key stakeholders, involved in the consultation process regarding 
the management of the Crau, and supervised by the Ministry of the Environment, 
were arranged. Stakeholders involved in this process represent a diversity    of 
organisations and have different goals and priorities regarding the conservation 
of biodiversity    in the region but share an interest in the Nature reserve of Crau. 
The following stakeholders were approached for this survey: the Government of 
Provence-Alpes-Côte d’Azur    (Deputy Chef de Mission), the Muséum National 
d’Histore Naturelle    (Scientifi c Researcher), CDC Biodiversité, Caisse des Dépôts    
(Chef de projet Sud-Est), the Réserve Naturelle Coussouls de Crau    (Manager of the 
Reserve Naturelle), Laissez-faire Farmers Association    (Director). The composition 
of the stakeholder group is justifi ed by the fact that they represent the key interest 
groups having a stake in the future of the Crau region. It was only recently that these 
stakeholders were gathered at the same table under the auspices of the Ministry 
of the Environment, and were able to negotiate important issues related to the 
collaborative management of the Crau region. The local residents in the area are 
mostly farmers and they are represented by the Laissez-faire Farmers Association. 
It would of course be benefi cial to conduct additional interviews with the farmers 
directly, but budget and time constraints did not allow us to do so. 

 Each stakeholder    was asked the same basic questions plus some additional 
questions unique to each stakeholder. The basic set of questions was the following:

    1.    What does the Crau Nature Reserve mean to you?  
    2.    Which criteria    do you think are the most important for the evaluation of different 

small pieces of land? (Social, Economic, Environmental)?  
    3.    How, do you think your interests regarding the nature reserve differ from the 

interests of other stakeholders?     

 Based on the stakeholder    responses, a structured list of 35 economic, social and 
environmental criteria    was compiled (Table  9.2 ). In Table  9.2  each of the criteria 

   6    Delphi method     , Delphi technique – a method of using questionnaires to arrive at consensual 
judgements (Shorter Oxford English Dictionary). Delphi method was developed in the USA during 
the 1950–1960s by Project RAND (Olaf Helmer, Norman Dalkey, and Nicholas Rescher).   
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was marked according to whether it was mentioned by the stakeholder or fell within 
the spectrum of his interests. Development of such a set of criteria is a useful fi rst 
step towards a full scale MCDA    of the sites in the region. It should be noted that an 
individual scale should be developed for each of the criteria identifi ed. This might 
be a quantitative or qualitative scale, with a particular method of assessment or 
measurement.   

     Analysis 

 Figure  9.3  depicts in graphic form the areas of intersection between the interests of 
various stakeholders. It is interesting to note that, although 35 different criteria    for 
assessment were expressed by the stakeholders, no single criterion was suggested 
by all stakeholders. The management of the Reserve Naturelle and DIREN PACA 
share an interest in preservation of the ecological habitat (1) and protection of 
species (2) the Museum National d’Histoire Naturelle expresses an interest in the 
benefi t of tourism (17). Laissez-faire and the Caisse des Dépôts    share an interest in 
the fi nancial value of land (18). The value of undertaking a full-scale multi-criteria 
evaluation of biodiversity    would be to account for the whole spectrum of stake-
holder    interests.   

  Fig. 9.3    Intersection of the sets of stakeholder    interests       

��������
��	
������
�����

�����������

��
�

��������
������
���������

�

����������
� !"	���#�
�������$�
��

%�&��
������'�$�
���#�������
������������

 



170 9 Biodiversity Loss: New Methods for Evaluating Ecosystems   

     Discussion and Suggestions for Further Research 

 The analysis undertaken within this project has shown that it is possible to 
develop a holistic methodology which might integrate economic, social and 
environmental information within a multi-criteria    decision aid framework to 
refl ect the different values of particular plots of land for the purposes of ecological 
compensation or mitigation banking. The crucial elements of this approach are the 
following:

   identifi cation of a minimal coherent set of criteria    to be taken into account • 
(extensive stakeholder    consultations are required to reach consensus on which 
criteria should be included and the total number of criteria);  
  identifi cation of alternatives    to be compared – GIS maps of the various plots of • 
land to be evaluated need to be developed (e.g. using satellite imagery);  
  selection of a multi-criteria    aggregation procedure – we suggest the ELECTRE    • 
TRI method or its analogues, which are capable of assigning a range of objects 
(e.g. plots of land) to predefi ned quality classes.    

 Once a decision on the criteria   , alternatives    and aggregation procedure has 
been made, a multi-criteria evaluation can be undertaken, with due attention to the 
sensitivity    of the parameters used in the procedure (e.g. threshold levels and other 
parameters). Full scale application of ELECTRE    TRI and similar methods to the 
case of the Natural Reserve of Crau remains a task for future research. 

 Such an evaluation approach might be part of a wider system of adaptive gover-
nance, which is being created around the Nature Reserve. Following (Ostrom  2008  ) , 
such a system should comply with the following fi ve principles, which have been 
identifi ed on the basis of interdisciplinary studies of failed and successful common 
pool resource governance systems:

    1.     achieving accurate and relevant information : the use of GIS and modern tech-
nologies   , as well as building collaboration between local users, public offi cials, 
and scientifi c experts are identifi ed as key elements here (the fi rst steps in this 
direction have already been made in the Crau);  

    2.     dealing with confl ict : Ostrom highlights the idea that the possibility of confl ict, 
which in the case of the Crau is present due to very different sets of interests 
among stakeholders (Fig.  9.3 ), should not be underestimated;  

    3.     enhancing rule compliance : formal rules may become effective when participants 
see them as legitimate, fair, enforced, and likely to achieve intended purposes. This 
principle illustrates the need for extensive consultations with the stakeholders, 
which may ensure that the evaluation method is effective.  

    4.     providing infrastructure : particular attention should be paid to the existing farmers 
property rights over parts of the Crau;  

    5.     encourage adaptation and change  (the stakeholders should be open to negotia-
tions, be ready to adapt and legitimise change, which emerges out of friendly 
collaboration).     
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 One would hope that using the principles outlined above, it might be possible to 
develop an effective governance system which will be capable of dealing with the 
contradictions highlighted in this paper   .      
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  Abstract   This chapter explores the problem of integrated interdisciplinary research 
in the fi eld of sustainable cities. The problematique of urban sustainability is studied 
in its historical and international context. Current research in the fi eld is reviewed, 
and major gaps in interdisciplinary analysis are identifi ed. This chapter makes fi rst 
steps towards the development of an innovative methodology for the analysis of 
interdisciplinary links between various sustainability dimensions in the urban con-
text. The dimensions taken into consideration are: sustainable energy, sustainable 
transport, material fl ows and waste management, quality of life, health, psychology 
of interaction with the environment, green space, biodiversity, preservation of the 
natural and cultural heritage, landscape architecture, ecodesign and democratic par-
ticipation. Two great European cities, London and St Petersburg, are analysed from 
the point of view of integrative policies and instruments applied in the fi eld of sus-
tainable urban development. The two cities are compared using a panel of sustain-
ability indicators.  

  Keywords   Sustainable development  •  Urban sustainability  •  Interdisciplinary 
research  •  London  •  St Petersburg      

     Sustainable Urban Development: International Context 

 Urbanisation is one of the key tendencies of the twenty and twenty-fi rst centuries. 
According to United Nations forecasts, between 2005 and 2030 the share of world 
population   , living in cities, will grow from 48.7% to 59.9%. (United Nations  2005  ) . 

 The growing concern of governments of developed and developing countries 
regarding socio-economic consequences and environmental impacts    of rapid global 
urbanisation process resulted in a substantial programme of the United Nations 
activities: the fi rst United Nations Conference on Human Settlements    Habitat–I 
(United Nations  1976  ) , held in Vancouver (Canada) in 1976; the resolution of the 
General Assembly of the United Nations on the creation of the Commission on 

    Chapter 10   
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Urban Dwellings in 1977; and the foundation of the UN HABITAT    centre in 1978. 
The HABITAT centre started to coordinate all types of activities in the fi eld of sus-
tainable urban development   . The following activities were chosen as key: (a) policy 
and strategic issues in the fi eld of the development of urban dwellings; (b) development 
planning for urban dwellings; (c) housing and utility services; (d) development of 
local communities; (e) development of infrastructure of the urban dwellings; (f) 
land use   ; (g) mobilisation of fi nancial resources    for the development of urban dwell-
ings; (h) organisation and management of construction of the urban dwellings 
(UN-HABITAT  2008  ) . 

 The second United Nations Conference on Human Settlements    (Habitat II) held 
in Istanbul in 1996 (United Nations  1996b  )  adopted the following major documents 
of the UN Habitat Centre – «Habitat Agenda   » – the world agenda on the sustainable 
development    of urban dwellings, and «Istanbul Declaration», which defi ned the 
responsibilities of heads of states and governments of the countries of the world on 
securing the livelihood, productivity and sustainable development of urban dwell-
ings for the whole planet. 

 The concept of “Sustainable development   ” was introduced in the report by the 
United Nations Commission on Environment and Development, headed by the 
Prime Minister of Norway   , G. H. Brundtland, which bore the title «Our common 
future» (WCED  1987  ) . Sustainable development is understood by the scientifi c 
community as a process of harmonious economic development   , satisfying principles 
of social justice and environmental responsibility. Sustainable development is a 
compromise path between economic, environmental and social goals, between 
the present and the future. It should be pointed out that sustainable development    
is viewed as a dynamically developing concept rather than a fi nally formulated 
idea. Many researchers highlight the diffi culties of precisely defi ning “sustainable 
development” as well as differences in interpretation of the notion of sustainable 
development in the cross-cultural context, (Fodor and Houdebine  2006 , Moiseev 
 2000 , Schmuck and Schulz  2002  ) . The ecological economist H. Daly defi nes 
sustainable development as “a gradual social improvement without economic 
growth    going beyond the carrying capacity    of the ecosystem. Growth means 
increase, whereas development means improvement” (Daly  1999  ) . 

 The literature review demonstrates that the sustainable cities    concept emerged 
in the process of the general sustainability    discussion. Traditionally and for a con-
siderable period of time cities were left out of the context of debates about the 
means of achieving sustainability (Bulkeley and Betsill  2003  ) . This situation can 
be explained by the prominence of the nature preservation concept, which domi-
nated in the fi eld of environmental thought from the beginning of the nineteenth to 
the end of the twentieth century. In this context, rural and wild nature were associ-
ated with the environment   , which needed to be protected from advancing cities and 
culture. Therefore, throughout the last century the environment was seen as some-
thing external to the city. Efforts were made to integrate environmental issues 
within the scope of general urban design and management problems only with the 
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mass introduction of water and sewage systems, creation of parks and recreation 
zones, and the development of land-use    planning traditions. 

 In the Brundtland report mentioned above, these issues received support in the 
form of a special chapter, devoted to urban environmental problems. It was under-
lined that, because the majority of the world population    will live in cities in the 
future, cities should be the central focus of deliberations concerning sustainable 
development   . 

 The Expert Group on the Urban Environment    had a special task to support the 
cities in advancing the sustainable development    concept. However, only after the 
conference in Rio de Janeiro in 1992 were cities recognised as an important sphere of 
application of sustainable development ideas. Then the initiative was passed to 
local municipal authorities under the auspices of the International Union of Local 
Authorities    (IULA)) and World Federation of United Cities    (WFUC), which pro-
moted local community initiatives. The Chap. 28 of the Agenda 21, a global plan of 
action to reduce human impact on the environment    (United Nations  1992  )  contained 
an appeal to national and local governments to assist in the implementation of sus-
tainable development principles on a local scale. At local community level this pro-
vided an impetus for the development of independent initiatives, as in London    
(London 21  1998  ) . Without a doubt, the Conference in Rio de Janeiro had two 
important consequences for defi ning the role of cities: the fact that sustainable urban 
development    is, to a great extent, a solution to environmental problems, and that 
there is a great potential for international cooperation among between as e.g. in the 
Baltic Sea region. Agenda 21 was supported by the Habitat II Programme. 

 The special 25th session of the United Nations General Assembly “Istanbul+5”, 
devoted to the implementation of the “Habitat Agenda   ” took place in July 2001 in 
New York. This session confi rmed that during its 5 years of operation, through the 
development of international cooperation, UN Habitat had achieved signifi cant 
results in improving the conditions of life of poor social groups. The Assembly 
unanimously adopted the «Declaration on Cities and Other Human Settlements in 
the New Millennium» (United Nations  1996b  ) , in which the principles and goals of 
sustainable urban development    were outlined. The status of the Habitat Centre was 
raised to the level of the United Nations Habitat Programme in 2001, headquartered 
in Nairobi, Kenya. 

 Strategic plans for sustainable development    and Agenda XXI    were discussed at 
the World Summit for Sustainable Development in Johannesburg in 2002 (United 
Nations  2002  )  and at subsequent international meetings. For example, during the 
conference “The City of the XXI Century” (REC  2000  )  the strategy for improve-
ment of quality of life    in the city, including environmental, cultural, political, insti-
tutional, social and economic components was included as a key element of the 
urban sustainable development strategies. 

 The European Union    considers sustainable urban development    to be one of the 
priority directions of its activities, a Thematic strategy on Urban Environment was 
adopted by the commission in 2006 (European Commission  2006  ) .  
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     Sustainable City: Formulating the Problem 

 The development of a methodology for the study of the city and management of the 
city as a complex multi-layered holistic system poses certain diffi culties. We share 
the point of view of many authors, conducting research in this fi eld: (Girardet  2004 , 
Hall  2006  ) . The methodological starting point of such approaches is the move away 
from a mono-disciplinary approach, where the complex multi-dimensional system 
is split into a multitude of separate objects, each of which requires an individual 
method of enquiry, analysis and management. The systems analysis theory suggests 
that the behaviour of complex systems    is often characterised by emergent proper-
ties, appearing as a result of the interaction of the elements or subsystems of the 
system under consideration. Therefore an interdisciplinary approach is capable of 
providing a qualitatively novel understanding of the problems of urban development    
and management, determined by multidimensional synthesis. Methodologically, the 
systems approach seems to be the most productive, allowing us to conceptualise the 
multidimensional interdependencies among the most relevant components of the object 
under consideration. The ideal and real model can be substantially different in terms of 
the quality, complexity and the direction of links   . 

 The literature on the integrative sustainable urban development    problems is sub-
stantial. A review of the literature on sustainable cities    reveals the following main 
problem areas (Fig.  10.1 ):  energy     (Boyle  2004 , Nijkamp et al.  1999  ) ;  sustainable 
transport     (Banister  2005  ) ;  material fl ows      and urban metabolism     (Swyngedouw and 
Heynen  2005  ) ;  landscape architecture      and design  (Carmona et al.  2003 , Nefedov 
 2002  ) ;  green space     (Clark  2006 , Rees  2002  ) ;  economic activity and planning  
(Banister et al.  1999  ) ;  environmental design      and architecture  (Orr  2004  ) ;  psychol-
ogy of interaction with the urban environment     (Chernoushek  1989 , Gifford  2002 , 
Lynch  1960 , Milgram  1974 , Shteinbach  2004  ) ;  democratic participation      in the 
decision making      process  (ECOM  2005  ) ,  cities in the context of globalisation  (Eade 
and Mele  2002 , Hall and Pfeifer  2004  ) , as well as the studies using  integrative 
approach  focusing on two or several urban sustainability    problems: (Hall  2006 , 
Kinzing  2005 , Ravetz  2000  ) .  

 Figure  10.1 , based on frequencies of keyword occurrence in the Scopus citation 
database   , presents the distribution of studies on sustainable cities    according to the 
dimensions highlighted above. It is interesting to note that although analysis of 
planning and water management issues together with energy   , transport, waste    man-
agement and health    have been the dominant focuses of attention, there has been 
relatively less attention devoted to governance, material fl ows   , quality of life   , envi-
ronmental psychology   , green space   , and natural and cultural heritage. 

 A brief review of a number of signifi cant publications on sustainable cities    will 
be presented further. (Balocco et al.  2004  )  in their research use the concept of 
entropy and energy    indicators for the study of sustainability    of cities; Bennet and 
Newboroough  (  2001  )  suggest the methodology of an energy audit of cities and 
regions within the framework of national and international obligations to reduce 
CO 

2
     emissions    and implementation of the Agenda 21; Brownsword et al.  (  2005  )  
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consider the results of the analysis of energy demand on the scale of the city of 
Leicester (UK   ). An optimisation model of energy use is being created taking into 
account measures for improving energy effi ciency and use of renewable energy    
technologies   . Nijkamp and Pepping  (  1998  )  consider the contribution of energy pol-
icy towards sustainability in urban systems   . A comparative analysis of the use of 
renewable energy technologies in large (Amsterdam, Rotterdam, Milan, Turin, 
Thessaloniki, Chania) and small cities of Italy   , the Netherlands   , and Greece    is made. 
Muniz and Galindo  (  2005  )  analyse the determining factors of the environmental 
impact    of passenger movements among the different districts of the Barcelona 
metropolis. It is shown that urban planning plays a signifi cant role in the difference 
in ecological impact. (Rees  2003  )  considers ecosystem principles of the analysis of cities 
and pays particular attention to the concept of ecological footprint (Wackernagel 
and Rees  1996  )  and its use at city level. However, our experience of its application 
in the German context showed its artifi cial character, the limitations and the need for 
deeper methodological justifi cation (Giljum et al.  2007  ) . Nijkamp et al.  (  1997  )  
apply the spider-web model to the analysis of urban transport systems   . Eight dimen-
sions of sustainability of transport systems are considered, including spatial, institu-
tional, economic and socio-psychological factors and the key management impacts 
in the system are analysed. Several scenarios of the development of the transport 
system are considered and the total CO 

2
  emissions from the functioning of the sys-

tem are assessed. The need to strengthen the role of public transport    is underlined. 

  Fig. 10.1    Sustainable cities literature devoted to different sustainability    dimensions (based on 
precise keyword search, January, 2009) (Source:   www.scopus.com    )       
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(Hammer and Giljum  2006  )  analyse material fl ows    on the scale of the city and study 
material balances of such cities as Hamburg, Vienna and Leipzig. Leach  (  1997  )  
offer a model for material fl ows analysis    in an urban system (using the example of 
paper    fl ows). The authors use the method, integrating life cycle analysis    and input-
output analysis   . (Camagni et al.  1998  )  consider positive and negative externalities 
in urban systems in static and dynamic settings as well as strategies for improving 
urban sustainability   . (Fung and Kennedy  2005  )  develop an econometric model, 
linking parameters of urban metabolism    with economic variables. This model is 
applied to the analysis of the Toronto metropolis (Canada). The authors reviewed 
different modelling methods, used in urban development    analysis- regional eco-
nomic models (including econometric and input-output), land use    models, urban 
metabolism models, spatial ecological models. The results of the modelling experi-
ments focused on CO 

2
  are analysed; (Holden and Norland  2005  )  consider the con-

nection between land use characteristics in cities and energy use in transport and in 
households. Their results support the thesis on the advantages of the compact city as 
a sustainable urban form using Oslo (Norway   ) as an example. 

 Finally, there is a group of articles using the integrative approach. First, a paper    
by (Button  2002  ) , devoted to the problem of choosing environmental, economic and 
social indicators for the analysis of urban development should be mentioned   . It 
considers market, political and administrative feedback loops in the dynamic system 
of urban development. Suggests a set of indicators for the evaluation of urban or 
regional sustainability   , and uses an interdisciplinary approach in his overview, 
which is based on the principles of integrated assessment. (Shane and Graedel  2000  )  
developed a method of representation of valuation results based on a set of urban 
sustainability    criteria   . The proposed criteria-set is applied to the analysis of the city 
of Vancouver (Canada). (Wiek and Binder  2005  )  offer a new approach to the evalu-
ation of the sustainability of cities and regions, based on taking the three main short-
comings of the existing studies into account – the use of unrelated indicators, lack 
of coherent analysis of goals, neglect of interdisciplinary approaches. Special 
emphasis in the article is put on the synergic and contradictory consequences of 
decisions taken. In our opinion, this paper gives the most comprehensive systems 
overview of the problem of urban sustainability. 

 Undoubtedly, publications covering real problems and describing the real experi-
ence of the realisation of Local Agenda 21 in different cities of the world are of 
great interest (Bowin  1997  ) . 

 An important place among urban studies is occupied by psychological and social 
aspects of city development and functioning. Works by K. Lynch, which appeared 
in 1960s (Lynch  1960  )  stimulated a large number of studies on the cognitive and 
mental representation of cities, and research on psychological mapping of such 
large cities as Paris and New York (Milgram  1974  ) , perception of architectural 
space, and urban design, taking environmental psychology    principles into account 
(Churchman  2002  ) . Research by Prochansky (Proshansky  1978 , Proshansky et al. 
 1983  )  served as a stimulus for the study of urban stress, and led to the analysis of 
place identity and attachment to place of residence (Gouveia  2002  ) . The works by 
(Barker  1968  )  and his idea of «behavioural setting» in psychology – the  environment    
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in which the behavioural model is observed – served as a basis for the study of 
problems of behaviour in the urban environment, antisocial and aggressive behav-
iour, social helplessness and mutual help, the problems of neighbourhood and local 
communities, the problems of quality of life    in cities and perception and under-
standing of the city as a holistic social organism (Gifford  2002  ) . Undoubtedly, pub-
lications where the psychological aspects of the realisation of the Local Agenda 21 
are analysed, are of great interest, since they explore attitudes towards the problem 
of sustainable development    at the local level (Lindström  2003 , Schmuck and Schulz 
 2002  ) . Taking into account the fact that most environmental problems in cities are 
created and solved by the people, the study of the psychology of the environmental 
conscience and behaviour towards the environment (Kaufmann-Hayoz  2006 , 
Medvedev and Aldasheva  2001 , Shmeleva  2006  )  seems to be extremely relevant. 

 Generalisation of the results of the published research, fulfi lled projects, as well 
as outcomes of conferences and seminars (Shmeleva and Shmelev  2007  )  allows us 
to distinguish the key problem areas of the interdisciplinary description of the city 
as a sustainable development    object (Fig.  10.2 ).  
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  Fig. 10.2    The key problem areas in the fi eld of sustainable urban development          
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 A “sustainable city   ” is a concept characterising the development of the city as a 
holistic system, in which social, economic, environmental and institutional aspects 
of development are harmoniously integrated. Our vision of the main aspects of sus-
tainable development    of a city in their interrelation and interdependence is depicted 
in the form of a graph (Fig.  10.2 ). The nodes of the graph represent the major prob-
lem fi elds. The arrows connecting the nodes highlight the links of infl uence existing 
among the problem areas. For example, development of a sustainable public trans-
port    system in a city will improve the quality of life    and public health   , reduce 
impacts on green space    and biodiversity   , reduce total energy    requirements and help 
to preserve natural and cultural heritage sites due to avoidance of emissions   . 

 A city is a complex system   , in which a multitude of objects and processes are 
interlinked in time and space. The houses where people live, enterprises where 
people work, museums, sport halls, restaurants, cafés, were people spend their free 
time are connected in space by the infrastructure of roads, energy    and information 
networks. All enterprises, universities, restaurants, banks use energy and material 
resources   ; energy and material resources    are also spent on transportation of goods 
and services and transfer of citizens from the places where they live to the places 
where they work and back, on heating buildings, lighting houses and courtyards, 
streets and avenues. A city is a live, dynamic organism, which every second con-
sumes water and energy, and produces liquid, solid and gaseous biological and 
chemical wastes, creating an impact on the environment   . 

 Different types of spatial organisation (streets, squares, avenues, regional cen-
tres, multi-storey housing, low-storey housing, parks and gardens), composition of 
various methods of energy    generation (nuclear   , wind   , solar, gas, coal   ), different 
ways of organising the transport system (priority to private or public transport   , 
trams, railways, aviation), energy saving    in houses and enterprises, recycling    of 
waste as opposed to landfi lling    and incineration   , creation of conditions for the 
development of trade, leisure, sport activities, play a key role in determining the 
ecological impacts of the city on the environment    on the one hand and the impacts 
of the environment on the citizens on the other. 

 A city is a social and information environment   , where communities reside, con-
nected in social and information networks. Citizens, independent of their age, ethnic 
and professional group, social status, incomes, and so on would like life in the city 
to be happy, comfortable, healthy, and safe, and they would like the environment 
surrounding them to be convenient, aesthetically pleasing and environmentally 
clean. Participation in decision making    on matters of urban development    (demo-
cratic participation   ) gives the citizens a feeling of attachment to their city, a place 
identity, a sense of belonging to the community of fellow citizens and opportunities 
for self-realisation. Experience shows that when a city administration actively fol-
lows the principles of sustainable development   , it can offer opportunities and create 
conditions for satisfaction of these needs. When it does not happen, confl ict situa-
tions emerge, which may often be focused on the destruction of historic city centres, 
destruction of parks and gardens, and excessive construction. 

 A city is history, the place where our ancestors lived, and our descendants will 
live. It is a space, where the landscapes and architectural monuments of the past are 
present. But, as a human organism, the city gets older; its monuments require care 
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and effort for their preservation. The city space is a space, where old and new interact, 
which can become a space of contradictions or a space of harmony. The city is a 
repository of the cultural heritage of mankind, with its museums, archives, theatres, 
exhibitions, concerts, libraries, universities, and scientifi c institutes. 

 The city is a geographical environment   , geology, landscape, bodies of water (riv-
ers, lakes, seas, oceans, coastal areas), weather, climate, nature – fauna and fl ora, 
ecosystems   , biodiversity   , parks and gardens, forests, birds and insects, domestic, 
wild and homeless animals and even natural resources    deposited in the ground. 

 Acting as a dynamic economic and political agent, the modern city is linked 
with the infrastructure of the whole region, country, continent and the world as a 
whole. Its economy is linked with the economies of other regions and countries, 
fuel, food and other goods are delivered to the city from the region, supporting it 
and other areas, goods produced in the city are shipped to other regions and coun-
tries. The sectoral structure of the city’s economy determines the quality of the 
impacts of the city on the environment    and allows us to fi nd the sensitivity    points; 
by infl uencing these we may be able to stimulate a more environmentally friendly 
development. 

 Therefore, this description allows us to represent the city as a complex multidi-
mensional object of study and management from the sustainable development    point 
of view. It should be said that the detailed description, quantifi cation and further 
conceptualisation of links existing between the problem fi elds identifi ed remain an 
important fi eld for future research.  

      Sustainable Development    Strategies 
for a Large City: London 

 The capital of Great Britain, London    has unique experience of strategic planning for 
sustainable development    and is one of the leaders among large European capitals in 
this fi eld. The initiatives of the London administration are supported by Londoners 
and the national government. The former Mayor of London, K. Livingstone acted as 
an initiator of many strategic changes. The London Assembly undertakes substan-
tial efforts to encourage democratic participation   , popularise ideas of sustainable 
development of the city and clarify its policy to citizens. Recently, a whole range of 
“Environmental strategies” was adopted by the Mayor of London, which acted as a 
framework for formulating tasks to develop a plan of actions with the aim of making 
London a cleaner, greener and more sustainable city   . 

 These strategies are as follows:

   Air Quality Strategy   ;  • 
  Ambient Noise Strategy   ;  • 
  Biodiversity Strategy   ;  • 
  Energy Strategy   ;  • 
  Municipal Waste Strategy   ;  • 
  Business Waste Management Strategy   ;  • 
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  Economic Development Strategy   ;  • 
  Culture Strategy   ;  • 
  Transport Strategy   ;  • 
  Food Strategy   ;  • 
  Housing Strategy     • 
  Water Strategy       • 

 The Health Inequality Strategy is being developed. 
 We will consider some of the strategies listed and the results of their implementa-

tion in more detail. The recently introduced congestion charge may be seen as an 
example of an interdisciplinary solution to the problem, as it affects four problem 
areas at the same time: sustainable transport   , quality of life    and health   , material 
fl ows    and psychology of interaction with the environment   . This charge produced 
results that cannot be ignored: the number of cars in the area, where the charge has 
been operating, was reduced by 26%, CO 

2
  emissions    went down 16.4% from 2002 

to 2003, PM 
10

  – by 15.5%, NO 
x
  – by 13,4%. The funds obtained through exercising 

this tax were channelled towards the modernisation of the public transport    sys-
tem, which relieved psychological tension which emerged after the introduction 
of this tax. 

 According to the results of monitoring and research, the main sources of air pol-
lution    in London    are cars and aviation, and to a lesser extent buildings and industry. 
The air quality    in London (GLA  2002a  )  is regulated in the following way: the UK    
government has set targets to reduce the emissions    of nine major pollutants   . The 
concentrations of seven of them, which are nitrous oxide (NO 

2
 ), particulate matter 

(PM 
10

 ), sulphur dioxide (SO 
2
 ), carbon monoxide, benzene, 1,3-butadiene and lead 

have to be addressed at the local level, and the two others – ozone and polycyclic 
aromatic hydrocarbons    at the national level and at European Union    level. National 
reduction goals determine the average levels of concentration of such substances in 
the atmosphere at different time periods (for example annually or daily, depending 
on health    impacts), which need to be achieved to a particular deadline. According to 
UK laws, the Mayor of London is responsible for the reduction of emissions of the 
seven local pollutants to achieve the targets, set by government. 

 The key priorities in the fi eld of transport, according to the Transport strategy of 
London    (GLA  2001  ) , are: reduction in the number of traffi c jams, increase in con-
struction investment   , redesign and maintenance of the underground system, radical 
improvement of the bus transport system, improvement of integration of the regional 
railway trains into the overall London transport system, improvement in the carry-
ing capacity    of the transport system – creation of public transport    lanes, creation of 
rules for buses to stop on demand within designated stopping zones, reduction of 
dependency on private transport by offering the whole spectrum of opportunities for 
the use of public transport, development of a system of electro transport (e.g. trams 
as an environmentally friendly means of transport), support of local initiatives, 
including walking and cycling, improvement in the reliability and effectiveness of 
transporting goods and services, thereby reducing environmental impacts    at the 
same time; improved accessibility to transport in London, including for the people 
with disabilities, as well as the increasing the integratedness of the whole transport 
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system – development of transfer stations, improvement in information support and 
improvement in the state of stops. 

 The goals of the energy    strategy of London    (GLA  2004  )  are the reduction of 
impact of London on global climate change    by minimising CO 

2
     emissions    in all 

sectors (commercial, household, industry and transport) by improving energy effi -
ciency and using renewable energy    sources, reduction of “fuel poverty”, securing 
access to heating even for the least privileged social groups, as well as supporting 
the contribution of the energy system to the economy of London by increasing 
employment and promoting innovations in the fi eld of energy technologies   . 

 The Municipal Waste Management Strategy    (GLA  2003  )  has as its main goals 
changing the lifestyle of Londoners, aimed at minimisation of the generation of 
waste and reduction in environmental impacts   . Reduction, reuse and recycling    of 
waste    are announced as the main priorities until 2020. According to statistical data 
in 2001/2002 about 73% of municipal solid waste was sent to landfi ll and only 8% 
was recycled. According to the strategy the large-scale separate waste collection is 
planned, as well as an increase in landfi ll    tipping fees. 

 The London    biodiversity    strategy (GLA  2002b  )  includes 14 activity directions, 
among which are preservation, the management and improvement of biodiversity in 
London, the organisation of the network of waterways, rivers and canals, “The Blue 
Ribbon”; the improvement and creation of new parks, improvement of access and stim-
ulation of interest in nature; support of farming traditions and biodiversity in agricul-
ture in the nearest suburbs, encouragement for the greening of the city, support for 
ecological education   , popularisation of species of plants and animals living in London, 
preservation of existing parks and green areas in the central part of London and so on. 

 Apart from planning aimed at the functioning of the system as a whole, London    
has many independent projects, related to sustainable development    at the local level, 
for example the building of new energy-   effi cient offi ce buildings or living quarters 
and construction using the principle of minimisation of current CO 

2
  emissions    

related to their functioning. The BedZed complex in West London might be an 
example of such development. 

 One of the priority tasks of the sustainable development    of London    for over 
20 years has been the task of stimulating the activity of local communities (residents 
of municipalities of London) in the implementation of Local Agenda 21, involving 
citizens and other stakeholders in decision making    at the level of local administra-
tion, the development of network interaction within London 21 Sustainability 
Network (Jopling  1999  ) .  

      Sustainable Development    of St Petersburg   : 
Between Past and Present 

 Saint Petersburg    is the second largest Russian city, the fourth largest city in Europe 
after Moscow, Paris and London   . It has been called the «Northern Venice», 
«Magnifi cent St Petersburg   », one of the slightly over a dozen European cities, the 
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whole central part of which is on the UNESCO World Heritage list. Its geopolitical 
and cultural importance in the context of European development is very signifi cant. 
(Yagya  2005  ) . 

 The main goals of development of St Petersburg for 2005–2025 are defi ned in the 
General Plan (LASP  2005  ) . The main development goals according to the General 
plan are the ongoing improvement of the quality of life    of all strata of the population    
of St Petersburg    with intention of securing European standards of living, the devel-
opment of St Petersburg as a multifunctional city, integrated into the Russian and 
world economy, providing a high quality business environment   , and strengthening 
St Petersburg as the main Russian contact centre of the Baltic Sea region and the 
North-West of Russia   . The goals of territorial planning in St Petersburg are: secur-
ing the sustainable development    of St Petersburg; improving the quality of the urban 
environment, preserving and regenerating the historical and cultural heritage; devel-
oping engineering, transport and social infrastructure; securing taking into account 
the interests of the Russian Federation, the interests of the citizens of St Petersburg 
and their groups, and interests of intra-city municipal units in St Petersburg. 

 The General Plan of development of St Petersburg    implies the development of a 
whole range of local St Petersburg laws, aimed at regulating the main fi elds of the 
city’s development:

   On the cultural heritage sites (historical and cultural monuments) in St Petersburg   , • 
including documents, regulating the preservation of the centre of St Petersburg 
as a UNESCO world heritage site;  
  On the natural-healing resources   , medical-recreational sites and resorts  • 
  On specially protected natural territories;  • 
  On the Earth’s Interior;  • 
  On Soils;  • 
  On Waste Management;  • 
  On Forests;  • 
  On Fauna;  • 
  On nature management and environmental protection;  • 
  On the Preservation of Air Quality;  • 
  On Protection from Noise;  • 
  On Radiological Safety;  • 
  On Electromagnetic Safety.    • 

 Despite the fact that sustainable development    is denoted as a priority goal of the 
development of St Petersburg   , it should be mentioned that in the list of the “priori-
ties of socio-economic development   ” listed under the heading “The Goals of 
Territorial Planning” there are no environmental goals, the majority of the listed 
priorities relate to the development of certain sectors of industry, trade, science, and 
the commercial sector. The General Development Plan is a cause of big debates and 
much resentment according to the press, it seems that the main dimensions of sus-
tainable development are not linked in it at all; the key concepts on which the devel-
opment of St Petersburg is based, according to the city Administration are stability, 
balance, reconstruction and organic    growth, whereas the non-fi nancial components 
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of quality of life   , democratic governance in decision making   , and reduction of 
 environmental impacts    are not listed as key priorities. Given the current priorities 
one can expect a further increase in pressure on the environment    from industry and 
transport. The speed, coordination and degree of the planned innovation in the area 
of public transport    and the organisation of ergonomic, safe and human-friendly liv-
ing space seem to be insuffi cient. 

 At the same time, monitoring of the quality of the environment    is constantly car-
ried out by the Environmental Protection and Ecological Safety Committee of the 
Administration of St Petersburg   . The annual report on the quality of the Environment 
in St Petersburg is published regularly (ASP  2005  ) . Several years ago an interna-
tional project on «Information and Communication Technologies to Strengthen 
Sustainable City Management» was started; this was focused on the creation of an 
interactive information system, which could help decision makers to receive infor-
mation on the concentration of pollutants   , total emissions   , the quality of the green 
areas, the generation of waste    and other spatially distributed data. 

 The situation in St Petersburg    today from the citizen’s point of view is character-
ised by the following: development of the transport system cannot keep up with the 
development of the city, traffi c jams have become an inherent part of urban life, 
construction of much needed new underground lines is delayed for several decades, 
tramway routes are being demolished throughout the city to give priority to private 
transport, public transport    is not seen as a priority, there is no system for regulating 
parking on major city streets, there are no cycle paths inside modern districts. The 
satisfaction of the immediate economic interests of building companies leads to the 
destruction of green areas: parks, trees in the streets, and green spaces are deliber-
ately taken out of Park Management control and given to developers to create multi-
storey buildings, with ecological expertise often applied in a very superfi cial way, and 
the opinions of citizens largely ignored by the administration. The historic centre is 
being slowly destroyed by the careless construction and renovation process. All 
these factors adversely affect the quality of life    of the citizens, pose a threat to their 
health   , and deepen their psychological stress and discomfort. It is obvious that the 
solution to these problems requires their consideration as the public goods manage-
ment problems and the problems of interaction of the human being and the environ-
ment   . On this basis, taking a systems interdisciplinary approach, evolutionary 
strategies for the development of St Petersburg might be formed. In our opinion it is 
not too late to change the vector of the evolution of St Petersburg as a European city 
towards sustainability   .  

     Sustainable Development    Indicators: Two Case Studies 

 The set of sustainable development    indicators, created for the UN Commission on 
Sustainable Development   , was fi rst published in 1996 (United Nations  1996a  ) . 
Then, in 2001 it was reconsidered and included four main groups of indicators – 
economic, environmental, social and institutional. In 2005 the restructurizing of the 
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set of sustainable development indicators took place, and 50 core indicators were 
chosen out of 96 present in the previous edition (United Nations  2007  ) . As a result, 
a decision was made that the key indicators should satisfy the following criteria   : (1) 
address problems which relate to the sustainable development process in the major-
ity of countries, and not in a single country; (2) give useful information, not avail-
able from other indicators (3) provide an opportunity to calculate them for the 
majority of countries on the basis of the available data. 

 Respectively, indicators in the new edition are not subdivided into the four groups 
named above, which, in our opinion, refl ects the interdisciplinary nature of the sus-
tainable development    idea and an understanding of the deep connections between 
processes of varying nature, taking place in complex open systems. This corre-
sponds to V. Vernadsky’s idea proclaimed in the middle of the twentieth century that 
science should specialise in problems rather than in scientifi c disciplines (Vernadsky 
 1936  ) . 

 At the moment all indicators are grouped in 14 thematic categories, each of them 
containing subcategories, for example in the “Atmosphere” thematic category, sub-
category “Climate Change”, we fi nd the indicator    “CO 

2
     emissions   ” and so on. 

Therefore, all indicators are joined in a “goal tree”, which allows to quantify them 
with the help of available statistical parameters. These divisions are as follows:

   Poverty  • 
  Governance  • 
  Health  • 
  Education  • 
  Demography  • 
  Natural hazards  • 
  Atmosphere  • 
  Land  • 
  Freshwater  • 
  Oceans, Seas, and Coasts  • 
  Biodiversity  • 
  Global Economic Partnership  • 
  Economic Development  • 
  Consumption and Production Patterns    • 

 Drawing on the available regional sustainability    statistical data, we will try to 
compare the two cities, and explore the major differences (Fig.  10.3 ). The sustain-
ability indicators covered in this comparative analysis are: total regional GVA, 
unemployment, total consumption of electricity and gas, representing the economic 
dimension; total population   , life expectancy    at birth for males and females, and 
recorded crimes, representing the social dimension, and total area,% of green space   , 
GHG emissions   : CO 

2
    , NH 

4
 , NO 

x
 , precursors of acidifi cation: SO 

2
 , NH 

4
 , and trans-

port related emissions CO, PM 
10

 , NMVOC, representing an environmental dimen-
sion. It should be noted that some data is not collected by the statistical authorities 
and is not available (e.g. the weight of generated MSW in St Petersburg   ). Figure  10.3  
highlights the similarities and differences between the two great cities.  
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 It is interesting to note, that although the total area of London    and St Petersburg    
is very similar (1,596 and 1,439 sq. km respectively), the population    of London 
being around 65% higher, the economic output of London is 12.5 times higher than 
that of St Petersburg, Londoners on average live longer lives (the difference in male 
life expectancy    is more than 13 years). By contrast, St Petersburg has much less 
unemployment and recorded crimes. Both cities have remarkably similar rates of 
availability of green space    per capita (80.25 and 82.95 m 2  respectively). Electricity 
consumption in St Petersburg is slightly higher and gas consumption is lower, since 
hot water and heating are supplied centrally. The emission profi les of the two cities 
are characteristically different. London generates considerably higher emissions    of 
CH 

4
  (by a factor of 5.9), produces 32% more NO 

x
  emissions, and NMVOC (by a 

factor of 2.7). However St Petersburg generates considerably more CO (by a factor 
of 2.1), and municipal solid waste    (according to unoffi cial data).  

     Conclusion 

 Large cities in Europe experience similar problems due to the need to supply grow-
ing amounts of energy    to satisfy increasing demands, to manage increasing fl ows of 
municipal solid waste   , and to tackle emissions    from the expanding car fl eet. 
Solutions that have been found historically – development of public transport    sys-
tems   , waste recycling   , a change in lifestyle, including teleworking, the intelligent 
design of energy systems and the shift towards renewables are implemented to a 
different extent in large European cities, with some being leaders in one fi eld and 
some in another. It is interesting to see how the populations of the two cities can 
produce considerably different economic value, which can perhaps be explained by 
London    being the fi nancial capital of Europe and a centre of governmental  activities. 

  Fig. 10.3    Comparative sustainability    analysis of London    and St Petersburg          
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The tendency of the St Petersburg    population    to live shorter lives is worrying, and 
one explanation might be increased work pressure, a lack of a work/life balance, 
low levels of pay, lower levels of ambient air quality    and background stress, caused 
by the ineffi ciencies of the public transport system design. Both cities have devel-
oped a set of policy instruments to tackle wider sustainability    issues, with St 
Petersburg relying on the City Development Plan and local laws and London basing 
its policies on a set of sustainability strategies. It seems that the legal responsibility 
of the Mayor of London for reducing concentrations of certain emissions and the 
lack of such obligations for the Mayor of St Petersburg play a role in the levels of 
success in addressing sustainability issues. Also, thematic strategies in London 
allow more fl exibility and opportunity to adjust to changing conditions than the 
relatively more rigid legal framework in St Petersburg. Democratic participation in 
the governance process in St Petersburg is at a much lower level than in London. A 
holistic approach to urban sustainability    incorporating the diversity    of perspectives: 
the overview of the extent of research in the relevant problem areas to identify 
knowledge gaps, the analysis of interdisciplinary links among different sustainabil-
ity dimensions to reveal the problem complexity and hidden connections, and com-
parative sustainability assessment    to highlight differences in performance and 
policies used, create a solid methodological basis for further detailed investigation.      
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  Abstract   This chapter is devoted to sustainable waste management. It summarises 
some recent work exploring the development of a multi-criteria optimisation tool 
for achieving sustainable solutions for municipal solid waste management systems 
(MSWMS). Aiming to provide a new methodological background for regional solid 
waste management modelling it takes into account spatial and temporal patterns of 
waste generation and processing, environmental as well as economic impacts of the 
system’s development with a particular emphasis on public health and biodiversity. 

 Three different approaches to the spatial-temporal analysis of the MSWMS are 
used together, namely a life cycle inventory analysis, which helps to identify emis-
sion patterns within the MSWMS, a multi-criteria optimisation approach, which 
helps to fi nd compromise solutions among environmentally and economically pre-
ferred options, and a geographic information systems approach, which provides a 
tool for identifying waste management facilities, transportation environmental and 
social impacts; it also gives an analysis of environmental impacts on valuable eco-
systems. A Russian methodology for calculating environmental damage was used to 
weight the importance of different sub-territories covered by the system as well as 
simplifying the analysis of emissions from waste treatment plants. The approach 
provides a new perspective for the analysis of municipal solid waste management 
systems on the regional scale. The principal novelty of the proposed complex 
MSW strategic management model is an integration of the different types of data: 
geographical, environmental and economic, using relational database technology. 

 Simulations using the dataset for Gloucestershire illustrate the performance of a 
simplifi ed version of the model. Simulations were undertaken to explore the poten-
tial effects on the waste management infrastructure of introducing the EU Landfi ll 
Directive. The chapter shows how methodological synthesis and a systems perspec-
tive give useful support to the decision-maker regarding potential development 
paths and trade-offs between the economic and environmental performance of a 
proposed waste management system.  

  Keywords   Ecological–economic modelling  •  Waste management  •  Optimisation  
•  Life cycle analysis  •  UK      

    Chapter 11   
 Regional Waste Management: 
Multicriteria Modelling                    
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     Strategic Waste Management Planning 

 Strategic decision-making for dealing with municipal solid waste    is a problem 
 currently exercising the minds of many local governments throughout the European 
Union    (EU) and across the world. This chapter is devoted to ecological–economic 
modelling    of strategic developments in Municipal Solid Waste    (MSW) Management 
Systems at the regional level. 

 The waste    management problem in the EU is characterised by increasing per 
capita production of waste materials (Figs.  11.1 – 11.3 ), the need for high levels of 
investment    in physical infrastructure (incinerators, landfi ll sites, recycling    facili-
ties), institutional barriers (such as the long-term nature of contracts), a wide range 
of stakeholders and a dynamic policy arena (e.g. the Waste Electrical and Electronic 
Equipment and Landfi ll Directives are two instruments aimed at reducing the 
amounts of biodegradable and electronic waste being landfi lled). The waste stream 
itself varies in composition over time and space with seasonal and longer term 
changes in the quantity and amounts of various materials and the market for ‘recy-
cled’ materials is characterised by uncertain demand and fl uctuating prices. Strategic 
decision-making for waste is a complex problem which appears to offer scope for 
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  Fig. 11.1    Municipal solid waste    generation per capita, EU, 1995       
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mathematical modelling procedures in order to fi nd “optimal” solutions. Although 
standard modelling approaches are limited as the ideal solution looks very different 
depending where you are situated: from the household or local government point of 
view the best solution would be to eliminate the waste and remove the need for any 
waste service provision in the fi rst place, while the view from the waste industry 
would be one of maximising the number of waste streams and quantities of waste 
over time to ensure survival of the industry. This paper    considers whether ecological 
economic modelling approach has anything new to offer the policymaker.     

     Description of the Waste Management Problem 

 Ecological–economic modelling is an aid to strategic decision-making for waste    
management where there is nearly always strong local opposition to the siting    of 
waste facilities, where alternative waste management    approaches place heavy 
demands on the environment   , and where future EU policy threatens to put the onus 
on producer responsibility and thus remove signifi cant quantities of high value 
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  Fig. 11.2    Municipal solid waste    generation per capita, EU, 2000       
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materials from the waste stream, and solutions are driven as much by local politics 
as by economic factors. Standard economic modelling approaches seeking the opti-
mum or least cost solution fail as they cannot incorporate the wide range of factors 
which need to be included in a decision which must be based on achieving the Best 
Practicable Environmental Option (BPEO)   . Decision-makers do need assistance in 
making strategic choices which cause social and environmental impacts   , and tie up 
large amounts of money and land for signifi cant periods of time. The approach pre-
sented here is a fi rst step in developing an ecological economic modelling approach 
which attempts to integrate life cycle inventory    analysis   , environmental impact    
assessment and economic appraisal within a geographic information system (GIS)    
framework. The aim is not to provide an “optimum” solution but to highlight to 
decision-makers the trade-offs    inherent in investing in different mixes of waste 
management technology at a range of scales from the local to the regional. In other 
words, it can reveal, for a particular area or region, how waste management should 
be ‘integrated’ in order to achieve the BPEO solution. 

 The UK    has made promising progress in this fi eld (Fig.  11.4 ), but it is still lagging 
behind most Western European states in the way it treats its municipal waste   . 
We can see that the share of MSW going to landfi ll    in the UK has been steadily 
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  Fig. 11.3    Municipal solid waste    generation per capita, EU, 2005       
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decreasing from the year 2001, which happened to some degree due to increases in 
landfi ll tax, introduced in 1996.  

 The waste    management problem has a complex nature with a range of important 
dimensions such as multiplicity of types of waste generated in the system, complex 
spatial pattern of waste generation, the necessity to transport waste long distances 
for processing, a variety of emissions    from waste collection, transporting and treat-
ment which affect the environment   , and the almost unpredictable and localised 
character of the impact of these emissions on humans and ecosystems   . And although 
there have been attempts to analyse regional waste management    systems taking into 
account the environmental impacts    of processes under study, most of them have not 
formed a holistic method for analysing all spatial, temporal and qualitative aspects 
of the problem. Therefore, the aim of this chapter    is to provide a new methodological 
background developing regional municipal solid waste management modelling, 
taking into account spatio-temporal patterns of waste generation    and processing, 
environmental as well as economic impacts of development of the system with a 
particular emphasis on public health    and biodiversity   . 

 This chapter    takes the fi rst steps in developing a model for municipal solid waste    
management system at the regional level. The paper analyses the post-consumption 
stages of the waste life cycle, namely collection, sorting, treatment and fi nal dis-
posal. The municipal solid waste management    system under study is illustrated by 
Fig.  11.5 , which shows the main material fl ows    within the system. The fi gure reveals 
that the whole life cycle of materials entering and leaving the waste management 
system consists of several stages – raw materials extraction, processing, sale, con-
sumption, fi nally becoming waste when they are discarded by consumers.  

 These materials in the waste    stream then undergo collection, sorting (removal of 
recyclable materials) and treatment (which can be thermal or biological), with the 
fi nal stage being disposal in landfi ll   . The shaded areas in the diagram are the stages 
of the life cycle explicitly taken account of in this chapter.  

  Fig. 11.4    Municipal solid waste    treatment and landfi ll tax, UK    (1995–2008)       
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        Approaches to Waste Management Modelling 

 There have been many attempts to analyse municipal solid waste    management 
 systems over the past decade. Economic as well as environmental and social aspects 
of their performance have been taken into account. Despite the large amount of 
research done, the application of the major methods employed does not provide a 
holistic picture of municipal solid waste management    systems which can examine 
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  Fig. 11.5    The municipal solid waste    management system: material fl ows       
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environmental impacts    and the economic costs of siting   , technological processes 
involved, transportation, impacts and their spatio-temporal distribution, or identify 
the parties affected (Fig.  11.5 ). The main spheres of research in the fi eld of MSWMS 
in 1990s have been: analysis of waste    generation determinants (Chen and Chang 
 2000 , Daskalopoulos  1998 , Hockett  1995  ) , siting    of waste management    facilities 
(Chang and Wang  1997      , Fredriksson  2000 , Huang et al.  1995  ) , the choice of waste 
treatment method    (Dalemo  1998 , Highfi ll  2001 , Huhtala  1997  ) , environmental 
impacts    of different waste management technologies    (Nixon  1997 , Powell et al. 
 1996 , Slater  2001  ) , economic mechanism of managing MSWS (Fullerton  1998 , 
Hong  1999 , Jenkins  2000 , Morris  1994 , Palmer  1997  ) , transportation of waste (Bhat 
 1996 , Kulcar  1996  ) , macroeconomics of recycling    (Ferrer and Ayres  2000 , Masui 
 2000 , Nakamura  1999  )  and complex planning (Chang and Lin  1997 , Chang and 
Wang  1997   , Haastrup et al.  1998 , Huang  1997  ) . In the majority of this research, the 
focus has been on single aspects of the problem, for example, (Chang and Wang 
 1997    )  looked at management costs   , air pollution    and the recycling goals   , but missed 
out water and soil pollution, noise   , road congestion, employment and health    impacts; 
Haastrup et al.  (  1998  )  concentrated on costs, air, water and soil pollution, road con-
gestion, technological reliability, but did not cover noise, employment, health 
impacts or recycling goals. 

 A substantial amount of research on local aspects of municipal solid waste    man-
agement modelling has been carried out using LCI methodology based on the recent 
models developed by White et al.  (  1999  )  and the Environment Agency   ’s WISARD    
model. J.C. Powell (Powell et al.  1996  ) , for example, compared environmental and 
social impacts of a kerbside collection scheme for recyclable household waste with 
a bring scheme, using life cycle assessments and economic valuation    for assigning 
relative weights to these impacts, while Powell et al. (Powell  1998  )  explored alter-
native approaches to waste management    for six district councils in Gloucestershire. 
Powell  (  2000  )  investigated the potential for using LCI analysis in local authority 
waste management decision making      .  

 Many aspects of waste    management systems performance were not integrated in 
a holistic model taking into account spatial distribution of environmental as well as 
economic impacts, nor were transportation, technological and siting    issues analysed 
simultaneously. Unfortunately, almost all these models are of minimal use by decision-
makers as they miss some of the key institutional dimensions of waste management    
as identifi ed by Vigileos  (  2002  ) , in particular the unequal social impacts of waste 
management, the nature of contracts drawn up between the industry and local 
authorities which are long-term, and sometimes require delivery of guaranteed 
amounts of waste, political pressures to recycle, barriers imposed by government 
regulations and the lack of communication between different participants in the 
waste management sector. 

 Although there are examples of environmental–economic analysis of munici-
pal solid waste    management systems on the regional level by Chang and Lin 
 (  1997  ) , Haastrup  (  1998  ) , and Chang and Wang  (  1996  ) , many applications do not 
incorporate an integrated analysis of environmental impacts    from all stages of the 
life cycle of municipal solid waste, spatial ecological–economic modelling    of the 
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distribution of impacts, non-substitutable treatment of environmental and economic 
characteristics of the development of the system, including non-monetary valuation 
of environmental damage    (Fig.  11.6 ). What is missing is a technique for solving 
regional waste problems which inevitably have a large number of possible solu-
tions due to variable population    densities, incomes, multiple (actual and potential) 
locations for waste management    infrastructure, protected landscape areas and 
high value ecological sites. There is thus an urgent need for improved methods for 
identifying BPEO solutions to waste management problems at the regional level. 
The range of potential development paths for a solid waste management system, 
for example, could include a large centralised regional facility, or a set of small 
localised ones, depending on the physical conditions, and this represents a situation 
of choice between multidimensional scenarios.  

       A Comparison of Methodological Approaches 

 Among the methods used for analysis of MSWMS during the past 10 years several 
should be mentioned here: input–output approach (Ferrer and Ayres  2000 , Nakamura 
 1999  ) , multiple regression analysis    (Daskalopoulos  1998 , Hockett  1995  ) , life cycle 
analysis    (Craighill and Powell  1996 , Powell  1998,   2000 , Song and Hyun  1999  ) , 
operations research    methods (Chang and Wang  1997 , Chang et al.  1997  ) , 
 multi-criteria    assessment (Hokkanen and Salminen  1997 , Rogers and Bruen  1998 , 
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Salminen  1998  )  and expert systems    (Barlishen and Baetz  1996 , Haastrup et al. 
 1998  ) . All of these methods have particular uses in specifi c areas and Table 26 
below identifi es their strengths and weaknesses. 

 The life cycle inventory    approach (see Fig.  11.7 ) provides information on the 
spectrum and quantity of emissions    from a given technological process and when it 
comes to comparing different scenarios, sophisticated methods of multi-criteria    
assessment (Munda and Romo  2001  )  may be applied. However, LCI methodology 
does not include any geographical or time dimension nor does it provide any esti-
mate of the effect of the emissions inventoried. When used in isolation, it cannot 
identify the best solution (i.e. BPEO) of the waste    management problem.  

 MCDA   , optimisation, Delphi on the other hand allow for comparison between 
alternatives    which need to be integrated with an approach which can analyse the 
waste    management system itself. 

 Geographic Information technology is a powerful tool for analysing and exhibit-
ing spatial data. However, the rating and scoring of several scenarios (which is done 
often in geospatial environmental impact    assessment, EIA) is not suffi cient for per-
forming an integrated analysis of the development of the municipal solid waste    
management system. 

 It is necessary to perform a signifi cant number of simulation    experiments, chang-
ing different spatial siting    patterns, processing capacities, and waste    collection 
and sorting schemes to arrive at the decision space from which a selection can be 
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made. All these approaches need to be underpinned by some impact assessment 
 methodology. The one selected here is the Russian methodology for environmental 
damage    calculation which was developed by Balatsky et al. (Vremennaja tipovaja 
metodika  1983 , Vremennaja metodika  1999  )  and allows for taking into account the 
spatial dimension of environmental impacts    in the form of coeffi cients of environ-
mental value of the territories or regions (Vremennaja metodika  1999  ) . At the same 
time, it reduces the dimension of the analysed vector of environmental characteris-
tics of the given waste    management system, which can be in turn divided into the 
negative effects of recycling   , incineration    and other waste treatment options, as well 
as negative effects on air, water and soil. Such reducing of the dimension simplifi es 
the decision-making signifi cantly and allows for dealing with only two dimensions 
of the waste management    planning problem – environmental and economic. 

 The Russian methodology for estimating environmental damage    uses coeffi -
cients of environmental harm, attributed to each type of emission into water and into 
air. These coeffi cients are developed from laboratory based biological research on 
animals (i.e. standard toxicological studies) and extrapolation of these effects on 
humans. This information is then integrated with another set of coeffi cients – 
coeffi cients of the environmental value of the territories or regions which are based 
on the ecosystem value of the major biomes, soils, water reserves, located in the 
territory of the given region. 

 In summary, we can say that LCI is good at modelling the waste    system but is 
only a fi rst stage in identifying environmental impacts    as it concentrates on emis-
sions    to water, land and air, but does not provide any indication of the impact or 
signifi cance of emissions locally. It needs to be integrated with other techniques 
such as EIA which can provide the impact analysis needed based on the siting    of 
infrastructure, or movement of waste and with some optimisation procedure which 
can begin to deal with the issues of trading off economic costs and benefi ts against 
the social and environmental impacts of alternative waste management    systems. 

 Thus, it is clear that what is required is a combination of several methods in order 
to perform the complex analysis of the potential development of the municipal solid 
waste    system. 

 Several studies have already tried to combine some of these methods. During the 
1990s, for example, GIS and EIA were combined into a geo-spatial EIA (Antunes 
et al.  2001 , Patil et al.  2002  ) , GIS and MCDA    were combined by Dai et al.  (  2001  ) , 
LCI and MCDA were integrated by Powell et al.  (  1996  ) , and Munda and Romo 
 (  2001  )  and Powell et al.  (  1999  )  integrated a simple multi-criteria    approach to exam-
ine environmental impacts    from alternative waste    management scenarios for the 
city of Bristol. 

 In summary, these studies are still limited and cannot be used to solve regional 
waste    problems because they have not yet elaborated all the complex factors infl u-
encing waste management    processes at the regional level – namely spatial distribu-
tion of waste generation, impact of transportation and processing of waste as well 
as the multidimensional character of these emissions   , the time dimension in waste 
generation   , the building of new or expansion of existing facilities and the spatial 
distribution of impacts of waste treatment processes on humans and on valuable 
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ecosystems   . This chapter draws on research (Shmelev  2003 , Shmelev and Powell 
 2004    ) which focused on the integration of three different approaches to the 
 spatio-temporal  analysis of the MSWM problem, namely a life cycle inventory    
approach (LCI module), which helps to identify emission patterns within the 
MSWMS, a multi-criteria    optimisation approach (MO module), which helps to 
fi nd compromise solutions among the environmentally, economically and socially 
preferred options, and a geographic information systems approach (GIS module), 
which provides a base for siting    waste management facilities, transportation, social 
impacts, and assessing environmental impacts    on valuable ecosystems. A Russian 
approach to calculating environmental damage    was utilised to weigh the impor-
tance of different sub-territories covered by the system. It is hoped that this 
approach will provide a new perspective for the analysis of municipal solid waste 
management systems. 

   Development of the Integrated Methodology 

 Based on an understanding of the weaknesses of the methods identifi ed in Table  11.1  
above, it was decided that by combining different methods a more useful tool might 
be developed for the development of strategic municipal solid waste    management 
planning. The aim therefore was to develop an integrated technique which would 
give useful support to the decision maker regarding potential development paths and 
tradeoffs between the economic and the environmental performance of alternative 
waste systems.  

 Research carried out in Russia    (St. Petersburg and the region) and the UK    
(Gloucestershire) concentrated on a complex analysis of the MSWMS, taking 
ecological, economic and social aspects of the management of municipal solid 
waste    into account. 

 Due to software limitations, it was decided to limit the analysis of the municipal 
solid waste    management system to the examination of fi ve major components: i.e. the 
economic costs of running the system, public health   , the state of the fl ora and fauna, 
saving of material resources    and landscape quality. Four out of the fi ve factors cho-
sen to characterise the waste management    system relate to the main goals of the EU 
Landfi ll Directive    (European Council  1999 ) (reduction of adverse effects of landfi ll    
of waste on the environment   , in particular on surface water, groundwater, soil, air 
and human health   ) and also correspond to the most relevant themes of the UN 
Sustainable Development Indicators: social (health   ), environmental (atmosphere, 
biodiversity   ) and economic (consumption and production patterns) (United Nations 
 2001 ). The fi fth component, ‘landscape quality’, was selected to refl ect the impor-
tant role which landscape plays in local communities as stated in the European 
Landscape Convention, which identifi es landscape as “a key element of individual and 
social well-being”. Under Chap.   2     of the Convention, signatories agree to “integrate 
landscape into…regional and town planning policies…as well as in any other poli-
cies with possible direct or indirect impact on landscape” (Council of Europe  2000 ). 
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   Table 11.1    Analytical tools for municipal solid waste    decision making      

 Method  Strengths  Weaknesses 

  LCI – life cycle 
inventory     

 • Refl ects a wide spectrum of 
emissions 

 • Allows integration of environmental 
data with economic data 

 • Flexible, allows easy comparison of 
different scenarios 

 • Only an inventory of 
emissions 

 • No information on 
impacts to the 
recipients 

 •  No time or space 
related dimensions 

 •  Unable to make local/
regional/global 
trade-offs    

  MCDA      – multi-criteria     
 decision analysis  

 • Allows comparison of multi-attribute 
or multi-objective scenarios 

 •  Problems with weight 
estimation 

 • Flexibility in the choice of criteria  •  Limitations by 
comparing only a 
relative small number 
of alternatives   , which 
could not represent 
the effi cient set of 
solutions 

 • Allows integration of quantitative and 
qualitative data 

  Optimisation      •  Gives the best solution from the 
feasible set 

 • Permits solving of multi-objective 
problems by employing goal 
programming, compromise program-
ming techniques, etc. 

 • Allows the user to identify the 
effi cient frontier of the solution space 
for subsequent decision-making 

 • The opportunity to 
solve large scale 
non-linear mixed 
integer problems 
limited by the existing 
algorithms 

 • Certain assumptions 
about the relationships 
in the model have to 
be made 

  GIS – geo-information 
systems  

 •  Refl ects spatial patterns of the 
geographical distribution of actors, 
fl ows and sensitive areas 

 • Does not have a time 
dimension 

 •  Requires integration 
with other techniques 
for performing 
comparative analysis 
of scenarios intersec-
tion, overlapping of 
different objects, etc. 

 • The amount of output 
information is too 
high for decision-
making 

 • Allows the user to perform geo-
graphic analysis based on 

  Environmental damage     
 calculation method-
ology     , Russia      
(1983, 1999)  

 •  Allows for integration of many types 
of emissions    into a single measure 
of environmental damage 

 •  Explicitly takes into account 
geographical peculiarities of the 
given territories 

 •  No common and 
recognised measure-
ment unit of 
environmental damage 

 •  No account taken of 
the receptors of 
polluting emissions    

(continued)
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 Method  Strengths  Weaknesses 

  Delphi method      • Allows the user to analyse complex 
situations with uncertain information 
and/or lack of time/resources    for 
decision-making using experts 

 • Subjectivism of 
estimates 

 • Possibilities of 
unequal understanding 
the problem in 
question by the 
experts 

  Environmental impact 
assessment      (EIA)  

 • Allows detailed examination of all 
the impacts from specifi c sites and 
technologies    

 • Can combine economic, environmen-
tal and social information 

 •  Very expensive in 
terms of time, 
resources   , data 
demands 

 • Necessary to combine 
with dispersion 
modelling 

 •  Very superfi cial types 
of studies 

 • Focus is on the 
impacts and not the 
waste    system itself 

  Pollution dispersion 
models     

 • Show detailed spatial distribution of 
emissions    given the relief, climate 
and the characteristics of the source 
of emissions 

 •  Substantial computa-
tional power is needed 
(esp. for multiple 
sources) 

 •  A very expensive tool 
 •  Diffi cult to analyse 

the impacts on the 
fi nal recipients 

Table 11.1 (continued)

These fi ve components offered a relatively simple and straightforward means of 
analysing economic–environmental trade-offs   . The monetary costs of operating a 
waste management system are of critical concern to local authorities, materials sav-
ings (i.e. recycling   ) are of national concern, and for strategic decision-making pur-
poses both these elements need to be directly compared with the impacts on 
environmental and social factors (i.e. human health, environmental ‘health’ and 
landscape quality). The data on the selected components were also available and 
relatively easy to obtain. 

 Life cycle analysis    using the model was integrated with a GIS and an optimisa-
tion technique. The LCA model allowed the researchers to examine a wide range of 
emissions    from alternative waste    management scenarios; the GIS allowed actual 
and proposed waste management    sites, along with ecological sensitivity    of the land-
scape to be mapped; the single criteria    optimisation technique permits the possibil-
ity of deriving a unique solution of the problem. 

 The most diffi cult choice was that of the optimisation procedure. There are well 
known, rapid and reliable methods for solving linear problems, whereas it becomes 
more complex when the situation requires mixed-integer programming. There are 



208 11 Regional Waste Management: Multicriteria Modelling

ways of reducing the multidimensional problems to single-criterion ones, however, 
and several objectives may be taken into account simultaneously. The type of optimi-
sation problem employed here (linear mixed integer programming problem) is com-
plex and demands signifi cant computational power and effi cient algorithms, especially 
for real scale modelling. Constraints on resources    and computational power led to a 
focus on a two-dimensional problem by examining single-criteria    overall system cost 
minimisation with simultaneous calculation of an additional parameter (such as the 
environmental damage    caused by the system performance). Although limited, this 
two-dimensional solution space nevertheless provides a useful starting point for 
understanding how useful such an integrated methodology might be. 

 The large sets of heterogeneous data used in the model (geographical, economic, 
environmental and social) are integrated using relational database    technology. The 
database system consists of several interrelated tables representing different aspects 
of the problem under study (e.g. different types of waste    analysed, spatially distrib-
uted waste generation    centres, a range of waste treatment facilities, a multitude of 
emission types, etc.).  

   Modules within the Integrated Method 

   The GIS Module 

 The key elements of the GIS module are the digitised maps of the county of 
Gloucestershire, UK   , obtained from a range of different sources. The maps are over-
laid and allow graphical analysis of the location of the physical waste    infrastructure 
and transport routes in relation to environmentally sensitive areas and centres of 
population    density. The census ward was taken as a minimal geographical unit for 
population data.   

   The Impact Assessment Module 

 It should be noted that the methods of analysis and comparison of the emission 
inventory results within life cycle analysis    is an area open to debate. In some 
cases, the list of emissions    analysed numbers several hundred items. In order to 
deal with this vast amount of information in the current research, the methodology 
expressed in the Vremennaja metodika  (  1999  )  and Vremennaja tipovaja metodika 
 (  1983  )  was taken as an instrument for comparing scenarios with heterogeneous 
outputs. The list of substances taken into account in the analysis can be seen in 
Appendix  1 . The toxicity coeffi cients database    for all pollutants    allows conversion 
of the wide spectrum of different substances into a unifi ed index of environmental 
damage   , which reduces the dimension of the problem substantially and simplifi es 
the solution procedure. 
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 The method is used here to provide the spatial dimension of environmental 
 damage    around waste    treatment infrastructure sites in the form of the coeffi cients of 
the signifi cance of the territories adjacent to the waste treatment plants. Such coef-
fi cients were derived by performing a series of operations on GIS maps. The disper-
sion of pollutants    from the various waste treatment facilities was approximated by a 
5-km radius circle around each of the sites. The coeffi cients of signifi cance were 
derived based on the weighting of sensitive areas by a group of experts based at the 
University of Gloucestershire using a Delphi approach. Standard national designa-
tions of ecological and landscape importance were utilised by the experts: Sites of 
Special Scientifi c Interest    (SSSI), National Nature Reserves    (NNR), Special Areas 
of Conservation    (SAC), Specially Protected Areas    (SPA), RAMSAR    sites and an 
indicator    of population    density. The average number of people living within a 5-km 
radius of the waste treatment plants was calculated using the average population 
density of neighbouring wards covered by the circle. The experts were asked to rate 
their perceptions of the relative sensitivity    of the designated areas to the potential 
emissions    from the waste management    facilities on a 1–10 scale. This information 
was then integrated into a Randomised Preferences method (Hovanov  1996 ), which 
took the relational data derived from the experts to derive weighting factors. A 
Delphi approach was utilised because of the complexity and uncertainty over the 
impacts of the regional waste management system on the different aspects of the 
human and natural environments. The Delphi approach provided a quicker and 
cheaper alternative to more narrowly defi ned pollution    dispersion modelling 
approaches. The Delphi approach has the added advantage of enabling localised 
priorities to be integrated into the signifi cance measures, but the methodology 
employed needs to be transparent in order to understand the trade-offs    generated. 
Thus, such an approach will provide variations in signifi cance measures in different 
regions, related to population geography and protected areas. 

 Next overall indices of the importance of the territories around the waste    treatment 
plants were obtained. First, all the 5-km radius circles around the waste treatment 
plants were overlayed onto maps of the different types of sensitive areas (including 
centres of population    density). 

 Then the percentage of the intersection of each circle by each type of the sensitive 
area was multiplied by the importance factor for a given sensitive territory and it 
was summated over all six types of areas analysed according to the formula:
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 The borders of each of the geographical objects are stored in the digital database    
with additional information such as the name of the object, areas and geographical 
coordinates. The centre points of the census wards are used to defi ne the waste    gen-
eration sites, and transport routes are considered here as the links connecting the 
centroids of the wards and the waste treatment plants.  

   The LCI Module 

 In the framework of the analysis carried out here, the life cycle analysis    is bounded 
on the one side by the post-consumption generation of waste    and on the other side 
by fi nal disposal. It includes the analysis of a municipal solid waste stream compris-
ing eight components – paper   , glass   , ferrous and non-ferrous metals   , plastics    (fi lm), 
plastics (rigid), textile   , organic    and “other”. 

 For each of the types of waste    mentioned three basic treatment technologies    are 
analysed: recycling   , incineration    with energy    recovery and landfi lling   . The emissions    
to air, water and soil are analysed. In order to produce an integral index of environmental 
damage   , the amounts of the polluting emissions are multiplied by the respective 
coeffi cients of environmental harm, according to Vremennaja metodika  (  1999  )  and 
Vremennaja tipovaja metodika  (  1983  )  as described above.  

   Optimisation    Module 

 This module integrates the information on plant locations and distances between 
centres of population    density and waste    treatment plants from the GIS module and 
information on the level of emissions    from each type of waste, collected, sorted and 
treated by each of the technologies    from the LCI module. It is here that the choice 
of collection systems, sorting and treatment technologies, and the geographical dis-
tribution of aste management    facilities are optimised over the time period of interest 
according to the total system cost minimisation criteria   . The problem which is being 
analysed here belongs to the class of linear mixed-integer programming problems. 
LINGO optimisation software uses branch and bound methods to solve problems of 
this type. The information on the problem dimensions for the Gloucestershire case 
study is laid out in Table  11.2 .  

 The initial problem is set in a single-criteria    cost minimisation framework. The 
reason for this is that all the improvements in the environmental performance of 
waste    management systems are bound by the budgets of the relative administrative 
units, and cost minimisation is still the dominant criteria for waste management    
system development. The environmental damage    is calculated here as a by-product 
of the minimum costs scenario according to the formula:

    1 1
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where ED is total systems environmental damage   , I 
k
  is an importance score of 

the territory around k th  waste    treatment plant, E 
kl
  is the level of emissions    of the l th  

type (l = 1…L) (from the LCI module) and  g  
l
  is an environmental damage coeffi cient 

for the emission type l. 
 The fi nal two-dimensional solution space in the form presented in Fig.  11.13  is 

obtained by performing a sensitivity    analysis, which varies waste    treatment capacity, 
relative to landfi ll    space. It allows the decision-maker to analyse the given waste 
management    system in terms of the trade-offs    between environmental and economic 
objectives. 

 The simplifi ed version of the model utilised here, based on the work of Baetz and 
Neebe ( 1994 ) was built using LINGO 7.0 optimisation software. The model only 
permitted examination of a reduced set of problem dimensions: three waste    treat-
ment technologies    – recycling   , incineration    and landfi lling    were considered over 10 
time periods with no consideration of the spatial dimension. The dimensions of the 
problem were determined by the constraints in the number of Boolean and continuous 
variables in the Demo version of LINGO 7.0. Due to resource constraints (software 
limitations), the model has not been realised to its full potential. 

 Two versions of the model were developed, which use Open Data Base 
Connectivity (ODBC) technology for transferring data from one software package 
to the other. The usefulness of the developed model is that it allows the user to 
change the initial data outside the model and then to “plug-in” the new datasets for 
subsequent solving. It is useful in the case of sensitivity    analysis involving a large 
number of parameter changes. 

 It should be stressed here that solving this problem in real dimensions with 
standard tools would require handling vectors of model variables with 15,000,000 
 components. This will defi nitely require using more powerful database     management 
systems (e.g. SQL Server) and the problem could be solved faster if its special struc-
ture could be taken into account. 

 The problems which can be analysed include the choice of waste    processing 
technology (e.g. among landfi lling   , composting, waste-to-energy    incineration   , recy-
cling   ), waste-management-   facility-plant siting    and the optimisation of the whole 
MSWMS performance using different goal functions. 

 The next section examines a simple application of the model to waste    manage-
ment in Gloucestershire.   

   Table 11.2    Real problem 
dimensions for 
Gloucestershire   

 Set  Defi nition  Quantity of elements 

  J   Waste generation points  145 
  H   Waste types  9 
  I   Waste treatment centres  86 
  K   Waste treatment technologies     6 
  T   Periods of system functioning  20 

  The total amounts to 13,560,480 variables in the mixed integer 
programming model, including integer variables: 92,880; real 
variables: 13,467,600 and number of constraints: 13,591,278 
(without trivial constraints, stating the non-negativity of the deci-
sion variables – 123,678)  



212 11 Regional Waste Management: Multicriteria Modelling

   Case Study of Gloucestershire 

 Gloucestershire lies in the west of England (South West Region), has a total area of 
2,618,000 km 2  and a population    of 574,000 (2001). Gloucestershire comprises six 
local authorities: Cheltenham Borough, Cotswolds District, Gloucester City, Forest 
of Dean District, Stroud District and Tewksbury Borough. 

 Average number of people in households is 2.41. The average disposable income 
per person per year is £10,073 (1999, data for the South West Region), and annual 
waste    generated range from a low of 280 to a high of 432 kg of municipal solid waste 
per person per year in Gloucestershire. The annual recycling    rate in 1998/1999 ranged 
from 6% in Gloucester to 19% in Cotswolds District. The dominant municipal solid 
waste    tr   eatment method is landfi lling    (82% in the South West Region of the UK   ). 

 The average composition of municipal solid waste    in Gloucestershire is presented 
in Table  11.3  and Fig.  11.8  illustrates location of waste    facilities.  

 Simulations using the dataset for Gloucestershire were performed on the sim-
plifi ed version of the model. Eight thousand one hundred and forty simulations 
were undertaken (see Fig.  11.8 ), where the waste    treatment capacities for 
recycling   ,  incineration    and landfi lling    were changed. This could illustrate, for 
example, the possible consequences of introducing the EU Landfi ll Directive    in the 
county, which may result in fewer landfi lls and increased recycling capacity, with 
consequent impacts on transport routes and costs across the county. The objective of 
the directive is to prevent or reduce as far as possible negative effects on the environ-
ment    from the landfi lling of waste, by introducing stringent technical requirements 
for waste and landfi ll, and by reducing the quantity of biodegradable material going 
to landfi ll   . The scenarios examined here show the potential effects of reductions in 
available landfi ll space as a result of the Directive and explore the impact of increased 
tipping fees and recycling subsidies on the environmental and economic perfor-
mance of the system. 

   Table 11.3    Composition of municipal solid waste    in Gloucestershire, 1998/1999   

 Material  Gloucestershire average, %  National average, % 

  Fines   2.3  7 
  Ferrous   4.0  6 
  Glass   3.4  9 
  Green   11.3  21 
  Putrescibles   34.4 
  Misc.com.   5.8  8 
  Misc.non-com.   0.5  2.20 
  Non-ferrous   1.0  2 
  Paper and card   20.8  32 
  Plastic fi lm   4.9  5 
  Rigid plastics      7.6  6 
  Textiles   3.9  2 

  Gloucestershire fi gures do not include recycled waste  
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 Figure  11.13  illustrates the combinations of minimal costs and corresponding 
environmental damage for the whole range of scenarios examined. All the combina-
tions of potential environmental damage    and economic costs are given here under 
equal economic conditions. Only the landfi ll    and waste    treatment capacities were 
changed in this analysis.  

   Results of the Simulation Experiments  

 The results of a series of simulation    experiments are depicted in Figs.  11.9 – 11.13 . The 
study of the developed model of the regional waste    management system was con-
ducted along the following main lines: it was decided to study the sensitivity    of the 
model fi rst to the changes in technological parameters of the available capacity of 

Waste treatment facilities

Incineration with energy recovery
Civic amenity sites
Landfills
Materials recycling facilities

Scrapyards
Transfer stations

Administrative borders

Administrative borders of wards

  Fig. 11.8    Regional waste management system in Gloucestershire, UK          
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existing landfi ll    under different combinations with other technological parameters 
being fi xed, and later to changes in price parameters – the cost of recycling    of a tonne 
of waste    and costs of collection and transporting waste to landfi ll. The  combinations 
of the system parameters used in sensitivity    analysis are shown in Table  11.4 .       

 ED – environmental damage    denotes the index of environmental damage and 
C – costs denotes total management costs    in British pounds. 

 In the fi rst Scenario, recycling    and incineration    capacity was limited to 
200,000 tonnes/year; there was no opportunity to open an additional landfi ll site   . 

   Table 11.4    Parameters changed in sensitivity    analysis   

 Set of simulation    
experiments  LL  RE  W  L 

 Changed 
parameter 

 The interval 
of change 

  1   0  200  200  L  10:10,000 
  2   1,000  200  200  L  10:10,000 
  3   5,000  200  200  L  10:10,000 
  4   0  600  200  L  10:10,000 
  5   0  400  400  L  10:10,000 
  6   0  600  200  5,000  A  55:145 
  7   0  600  200  5,000  B  10:300 

   L  available capacity of the existing landfi ll   , thousands m 3 ,  LL  available capacity of the additional 
landfi ll, thousands m 3 ,  RE  recycling    capacity, thousands of tonnes per year,  W  incinerating capacity, 
thousands of tonnes per year  
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  Fig. 11.13    Two-dimensional solution space       
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With parameter L decreasing at fi rst against a background of considerable growth in 
costs, slow growth in environmental damage    takes place, caused by intensive use of 
incineration as an alternative to decreasing landfi ll capacity; then with decreasing 
L < 5,500 the substitutional transition to recycling part of the waste    takes place, 
causing a considerable decrease in environmental damage by a factor of 1.08. 

 In Scenario 2, there is an option of opening a small additional landfi ll    with the 
capacity of 1,000,000 m 3 . The fi rst local minimum of environmental damage    is 
found at L = 5,500. Such a sharp decrease in environmental damage is caused by the 
growth in recycling   , instead of harmful use of landfi ll sites; the subsequent growth 
in damage is caused by the opening of an additional landfi ll site in the 9th period; 
and the rapid decrease in environmental damage starting at L = 4,500 can be 
explained by the ever increasing rate of recycling. At the same time the costs are 
naturally starting to grow at a faster rate. 

 In scenario 3 (Fig.  11.9 ), the rapid decrease in environmental damage    as L 
approaches the value of 5,500 is caused by the growth of the proportion of recycling   ; 
the rapid growth in environmental damage    after L < 4,500 is caused by the opening 
of a new landfi ll    site for 5,000,000 m 3  in the 6th period, with simultaneous decrease 
in the share of recycling and incineration   . After that, the proportion of waste    being 
incinerated increases. The following local minima can be explained by the shift of 
the moment of opening an additional landfi ll site in the 5th, 4th period and so on. 

 The tendency for environmental damage    and minimal management costs    to 
change in scenario 4 (Fig.  11.10 ) might be divided into three different stages – 
10,000 > L > 5,500, 5,500 > L > 100, L < 100. In the fi rst stage, gradual growth in the 
proportion of waste    being incinerated takes place, this causes slower growth in envi-
ronmental damage and costs; decreasing environmental damage and costs growing 
at the faster rate in the second stage are caused by the growth in the proportion of 
waste undergoing complex recycling    at L < 100; when landfi lling    capacity for placing 
even incineration    residue becomes critical, the shift towards recycling on a larger 
scale takes place. 

 In the 5th scenario, everything develops similarly to the 4th; however, due to the 
larger planned incineration    capacity and smaller recycling    capacity, the shift to the 
second stage of intensive recycling takes place later, at about L = 750, and to the third, 
earlier, around L = 200. 

 The sensitivity    of the solution of the problem to changes in price parameters is 
illustrated in Figs.  11.11  and  11.12 . 

 Analysing the changes in environmental damage    caused by the decreasing price 
of complex recycling    of a tonne of waste    (parameter A, recycling costs, Fig.  11.12 ), 
we come to a conclusion about regarding the lack of changes in environmental dam-
age with parameter A being reduced from 145 to 110. Then, the sharp decrease in 
environmental damage – by more than a factor of 1.7 with the subsequent decrease 
in A to 80, and again, at the interval, [55…80] environmental damage is at a lower 
level than in the fi rst case, but is nevertheless stable. 

 Changes in the parameter B – costs of collection and transportation of waste    to 
the landfi ll site    in Landfi ll 1 could suggest the optimal level for transport costs set 
up in the interests of environmental protection (under conditions of legal waste 
 discharges by the companies and municipalities). The results of the simulations 
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experiments which may be seen in Fig.  11.12  show that, as transport costs increase 
up to a certain level (in our case B = 120) and given that the law is observed, trans-
porting waste to landfi ll    may become less desirable than recycling   . 

 The main result of the work – two-dimensional solution space, which is an inte-
gration of the results of sets of simulation    experiments 1–5 (Table  11.4 ), shows that, 
by increasing total system management costs    by a factor of 1.82, it is possible to 
diminish total environmental damage    by a factor of 2.99. 

 The shape of the thick curve representing the set of non-dominated solutions 
(solutions which are equal or at least not worse than the rest) depicts the peculiari-
ties of the complex problem of the development of a waste    management system, 
giving the decision-maker the range of options he or she can choose from and 
thereby helping him trade-off economic versus environmental aspects of the devel-
opment of the system in question. We are defi nitely not proposing “the best solu-
tion” or BPEO to the decision-maker, but providing him or her with freedom of 
informed choice, however, hard it may be to make a choice. 

 This latter aspect appears in the realm of pure political decision making.   

   Discussion 

 The results presented here illustrate an application of a simplifi ed ecological–economic 
model of a municipal solid waste    management system. Full development of the 
model would facilitate the solution of more complex problems involving real decisions 
of siting   , choice of treatment technology, collection and sorting method. Certain 
weaknesses remain in the approach taken here, primarily software limitations and 
probably lack of pollution    dispersion modelling. 

 The main strength of the model is that it allows the decision- maker to analyse the 
ecological–economic trade-offs    in the development of the municipal solid waste    man-
agement system. It examines possible strategies for the development of the system, 
taking into account different siting    options and choice of waste treatment technologies; 
it allows    preliminary investment    planning and explicitly takes account of the spatial 
dimension of environmental impacts    on public health    and valuable ecosystems   . 

 In the life cycle analysis    performed here, the boundaries are defi ned by post-
consumption solid waste    generation through to the moment of fi nal disposal. If the 
boundaries were altered to include elements related to the production of waste pro-
cessing equipment, the transportation fuel life cycle, analysis of materials and prod-
ucts the solid waste was derived from, results could change signifi cantly. 

 The model presented in this chapter    might be developed further to take into 
account the real dimensions of the problem, such as transportation of waste   , 
improved pollution    dispersion models and the introduction of hyperbolic discount-
ing (Daly and Farley  2004 ). If we take into account the origins of waste, and work 
on material fl ows    accounting of products entering the system in the fi rst place then, 
with programming improvement, a full scale decision-support tool for strategic 
regional waste management    might be created. The next steps are to apply more 
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powerful software, possibly to integrate pollution dispersion models for all sources 
of pollution and to analyse more rigorously the chains of impacts. It might be valu-
able to integrate the analysis of the environmental impacts    of transportation, taking 
into account noise    and congestion impacts. 

 Models of this type might then be expanded and applied at a regional level in the 
EU, in order to provide improved information on the tradeoffs to be made in what 
are inherently diffi cult political problems.       

   Appendix    1 The List of Emission Coeffi cients    

 Sector of the 
ecosystem  Emission type  Recycling  Incineration  Landfi lling 

 Damage 
coeffi cients 

 Air  Particulates  0.00327  0.00002  0  2.7 
 Air  CO  0.00228  0.0004  3.125E–06  0.4 
 Air  CO 

2
   0  1.1293  0.2209825  0.4 

 Air  CH 
4
   0  0  0.098215  0.7 

 Air  NOx  0.00231  0.0016  0  16.5 
 Air  N 

2
 O  0.000053  0  0  30 

 Air  SOx  0.003947  0.0003  0  20 
 Air  HCl  0.0000033  0.0001  1.625E–05  20 
 Air  HF  5E–09  0  3.25E–06  500 
 Air  H 

2
 S  0.000012  0  0.00005  500 

 Air  HC  0.001692  0.0001  0.0005  20 
 Air  Chlor. HC  0  0.0001  8.75E–06  50 
 Air  Dioxins/furans  0  5E–13  0  50,000 
 Air  NH 

3
   0.0000004  0  0  28.5 

 Air  As  0  0.0000025  0  500 
 Air  Cd  0  0.0000005  1.4E–09  500 
 Air  Cr  0  0.0000063  1.65E–10  1670 
 Air  Cu  0  0.0000063  0  500 
 Air  Pb  0  0.0000063  1.275E–09  5000 
 Air  Hg  3E–09  0.0000005  1.025E–11  5000 
 Air  Ni  0  0.00000025  0  500 
 Air  Zn  0  0.00000063  1.875E–08  500 
 Air  Landfi ll gas 

(250 nm 3 /t) 
generation (t/t) 

 0  0  250  0 

 Water  BOD  0.00239  0  0.0004751  5 
 Water  COD  0.02084  0  0.0004751  2 
 Water  Sus. sol.  0  0  0.000015  0.15 
 Water  TOG  0.000004  0  0.0000003  50 
 Water  AOX  0.0000025  0  0.0000003  1000 
 Water  Chlor. HCs  0  0  1.545E–07  0 
 Water  Dioxins/furans  0  0  4.8E–14  0 

(continued)
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 Sector of the 
ecosystem  Emission type  Recycling  Incineration  Landfi lling 

 Damage 
coeffi cients 

 Water  Phenol  0  0  5.7E–08  0 
 Water  NH 

4
   4.47E–07  0  0.0000315  1 

 Water  Tot. metals  0  0  1.442E–05  0 
 Water  As  0  0  2.1E–09  90 
 Water  Cd  0  0  2.1E–09  250 
 Water  Cr  0  0  9E–09  550 
 Water  Cu  0  0  8.1E–09  550 
 Water  Fe  0  0  1.425E–05  1 
 Water  Pb  0  0  9.45E–09  11 
 Water  Hg  0  0  9E–11  15,000 
 Water  Ni  0  0  2.55E–08  90 
 Water  Zn  0  0  1.02E–07  90 
 Water  Cl  0.000011  0  0.0000885  550 
 Water  F  9.7E–07  0  5.85E–08  550 
 Water  NO 

3
   0  0  0  0.2 

 Water  S −   0.000006  0  0  550 

   Appendix 2 Types of Environmentally Sensitive Areas 
Taken into Account by the Model 

 AONB (Areas of Outstanding Natural Beauty) – the areas protected by the 
Government of the UK    since 1949 “National Parks and Access to the Countryside 
Act”. The main goal of the designation AONB is preservation of the natural beauty 
of the landscape, and recreational use is not a major goal here and is permitted only 
to the extent that such use is in accordance with the preservation of natural beauty 
and the needs of agriculture, forestry    and other spheres of regional development as 
well as the economic and social interest of local communities. Such areas number 
41 in 2002 – they cover approximately 15% of the territory of England and Wales. 

 SSSI (Sites of Special Scientifi c Interest   ) – the land designated as such according 
to the 1981 “Wildlife and Countryside Act” (UK   ) (as amended). 

 NNR (National Nature Reserves   ) – lands designated according to the “National 
Parks and the Access to the Countryside Act” of 1949 (UK   ). 

 SAC (Special Areas of Conservation   ) – lands, whose status is drawn in the EC 
Directive 92/43/EEC on Conservation of the natural environments, wild fauna and 
fl ora   . The data acquired have a status “candidate”. 

 SPA (Special Protection Areas) – lands, classifi ed according to the EC Directive 
79/409 on the preservation of wild birds. The data acquired has the status 
“classifi ed”. 

 RAMSAR    (unique wetland complexes) – the land, which has a status of the 
Wetlands of International Importance according to the Ramsar convention. The 
Convention on Wetlands, signed in Ramsar, Iran, in 1971, is an intergovernmental treaty, 

(continued)
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which provides a framework for national action and international cooperation for 
the conservation and wise use of wetlands and their resources   . There are presently 
138 Contracting Parties to the Convention, with 1364.30 wetland sites, totalling 
119.6 million hectares, designated for inclusion in the Ramsar List of Wetlands of 
International Importance.  

   Appendix 3 Data Requirements 

 The dynamic spatial ecological–economic model of the MSWMS built here links 
different types of data: GIS data sets, environmental impact    information, economic 
information, specifi c waste    related information, time information. 

 The required GIS data sets include:

   County, district and ward boundaries;  • 
  General purpose layers: rivers and waterways, motorways, urbanised areas;  • 
  Population density within wards;  • 
  Areas of ecological signifi cance: Sites of Special Scientifi c    Interest (SSI), • 
National Nature Reserves    (NNR), Special Areas of Conservation (SAC), Special 
Protection Areas (SPA);  
  Sites of existing and proposed waste    management facilities;  • 
  Distances between the points in question (between waste    treatment plants • 
and centroids of the chosen population    areas), other characteristics of trans-
port routes.    

  The environmental impact      information needed will consist of: 

   Emission coeffi cients of waste    treatment by different technologies    (recycling   , • 
RDF, landfi lling   , etc.), taking into account the analysed types of waste    (paper   , 
glass   , etc.) and the list of substances of interest;  
  Emission coeffi cients of using different types of fuel for transporting waste   ;  • 
  Coeffi cients of environmental harm from different substances emitted into air and • 
water according to Russian environmental damage    estimation methodology;  
  Expert weighting of relative importance of the environmentally sensitive areas • 
examined with respect to placing waste    treatment plants near them.    

  Economic information comprises: 

   Costs of processing different types of waste    by various technologies   ;  • 
  Investment costs for building new waste    processing plants;  • 
  Transportation costs;  • 
  Prices of recycled materials and energy    derived from waste   .    • 

  Specifi c waste      related information: 

   Types of waste    under consideration;  • 
  Respective technologies    used for processing each of the types of waste   ;  • 
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  Waste composition in various districts;  • 
  Sorting and collection information.    • 

  Time related information: 

   Timescale of the model (number of periods under consideration, length of • 
periods);  
  Impacts which could differ over time (e.g. gaseous emissions    from landfi ll). • 
Time factor in economic decisions (discount factor).      
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  Abstract   This chapter focuses on the role of business in the quest for sustainable 
development. It addresses the concept of corporate social responsibility and outlines 
the history of sustainability reporting, placing emphasis on the Global Reporting 
Initiative. Central to the chapter is the concept of “stakeholder” as opposed to the 
“shareholder” of the profi t maximising tradition of the past. The dynamics of CSR 
publication is shown alongside the full list of CSR reporting criteria. A new way of 
assessing the sustainability performance of companies is suggested and experience 
of development of CSR traditions in China, Japan, Germany, UK and France is 
reviewed. Cross-cultural differences in CSR discourse in the USA, UK and Germany 
are presented.  

  Keywords   CSR  •  Corporate sustainability  •  GRI  •  Assessment  •  Discourse      

 Corporate Sustainability 

 Corporate sustainability    has become a buzz-word in the past decade and a consider-
able amount of literature has been devoted to it in most recent years: (Dunphy  2003 , 
Hand and Charity Finance Directors’ Group (Great Britain)  2009 , Henriques  2004 , 
Steger  2004 , Van Tulder and Van der Zwart  2006 , Verbeke  2009 , Werther  2011  ) . 

 Conceptual articles on the new model of corporate social responsibility appeared 
as early as 1970s: (Carroll  1974,   1979  ) , the more detailed discussion emerged in the 
1990s: (Carroll  1991,   1999 , Ulhoi  1995  )  followed by many others: (Azapagic  2003 , 
Dyllick  2002 , Figge and Hahn  2004 , Miles et al.  2009 , Stubbs and Cocklin  2008 , 
Taneja et al.  2011 , Welford  2002  ) . Although originally some attention has been 
given to monetary assessment of environmental damages, which the author of this 
volume doesn’t quite share (Atkinson  2000  ) , more recently diverse indicator    sets 
(Callens and Tyteca  1999 , Wang and Lin  2007  )  and multi-stakeholder    approaches 
become more popular (Angus-Leppan et al.  2010 , Clifton and Amran  2011 , 
O’Connor and Spangenberg  2008 , Welford et al.  2008  ) . There has been a steady 
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interest in the systemic evolution of the Global Reporting Initiative    (Brown et al. 
 2009a,   b , Isaksson and Steimle  2009 , Line et al.  2002  )  as well as experience of 
applying corporate sustainability    principles in various regions of the world: Canada 
(Nitkin and Brooks  1998  ) , US and the EU (Tschopp  2005  ) , the UK    (Idowu and 
Towler  2004  ) , Germany    (Gamerschlag et al.  2010  ) , France    (Delbard  2008  ) , Latin 
America (Tschopp  2005  ) , Sweden    (Hedberg and von Malmborg  2003  ) , Switzerland 
(Daub  2007  ) , Brazil (Duarte  2010  ) .  

 The main philosophy behind Corporate Social Responsibility    or, as it is fre-
quently referred to, Corporate Citizenship   , Corporate Responsibility, Corporate 
Social Performance, Corporate Accountability   , Sustainability, and Triple Bottom 
Line has been to include additional stakeholders (Fig.  12.1 ) in the corporate man-
agement framework. In other words, the management paradigm has shifted from 
“maximising profi ts for shareholders” to “creating value for a society at large”, 
with the latter represented by the employees, clients, suppliers, local communities, 
investors, NGOs, government, and various interest groups (Table  12.1 ). Leading 
international organisations have developed strategies for the improvement of 
corporate performance in the fi eld of sustainability   , with UN Global Compact    and 
its Ten Principles leading the way (Box 12.1). 

 Global Reporting Initiative 

 One such programme designed to infl uence corporate performance was The 
Global Reporting Initiative    started in 1997–1998. The main idea behind this 
initiative was to create a new disclosure framework on sustainability    at the 
corporate level so that companies might have an opportunity to show not only 

Government
Shareholders

Interest groups

Investors 

NGOs

Employees

Suppliers Clients

Local
communities 

Company 

  Fig. 12.1    Corporate stakeholders       
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   Box 12.1 UN Global Compact. Ten Principles    

     Human Rights

     • Principle 1 : Businesses should support and respect the protection of inter-
nationally proclaimed human rights; and  
   • Principle 2 : make sure that they are not complicit in human rights abuses.     

   Labour 

    • Principle 3 : Businesses should uphold the freedom of association and the 
effective recognition of the right to collective bargaining;  
   • Principle 4 : the elimination of all forms of forced and compulsory labour;  
   • Principle 5 : the effective abolition of child labour; and  
   • Principle 6 : the elimination of discrimination in respect of employment 
and occupation.     

   Environment 

    • Principle 7 : Businesses should support a precautionary approach to envi-
ronmental challenges;  
   • Principle 8 : undertake initiatives to promote greater environmental respon-
sibility; and  
   • Principle 9 : encourage the development and diffusion of environmentally 
friendly technologies.     

   Anti-Corruption 

    • Principle 10 : Businesses should work against corruption in all its forms, 
including extortion and bribery.        

   Table 12.1    Factors driving 
enterprises to release CSR      

 Rank  Factor 

 Company image 
 Supporting government policy 
 Leader’s consciousness 
 Public opinion pressure 
 Demands from suppliers 
 Investor pressure 
 Demands from industry standards 
 Abiding by laws and regulations 
 Demands of capital markets 
 Demands of innovation 
 Mass consciousness 
 Consumer pressure 
 Power of NGOs 
 Local community impact 



228 12 Business and Sustainable Development: CSR in Practice

   Table 12.2    GRI reporting 
dynamics (1999–2006)   

 GRI Reporting 

 Year  Number of organisations 

 1999  20 
 2000  50 
 2001  80 
 2002  150 
 2003  325 
 2004  500 
 2005  750 
 2006  850+ 

  Fig. 12.2    Corporate sustainability reports according to GRI, 1999–2010       

their profi ts, assets and various fi nancial ratios, but also their performance on 
the sustainability front. UNEP joined as a partner in 1999 and draft sustainability 
reporting guidelines were issued. The GRI’s fi rst Sustainability Reporting 
Guidelines were issued in 2000. The second generation of guidelines (“G2”) 
was released in 2002. The third generation of the GRI guidelines (“G3”) was 
produced in 2005.   

 Sustainability reports are usually complied by a company’s management team 
internally or externally, with assurance provided by consultancies like CERES, 
SustainAbility, SGS, Corporate Citizenship   , Ernst&Young, Deloitte, Det Norske 
Veritas, Two Tomorrows, CSR Network, Just Assurance, PriceWaterhouseCoopers, 
ERM Certifi cation and Verifi cation Services, Gerling Consulting Group GmbH, 
KPMG Sustainability B.V., Denkstatt GmnH.  

 According to the GRI website, there were over 1,800 companies, which 
 produced a Corporate Sustainability Report following GRI standards in 2010. 
Exploring the evolution in CSR reporting patterns (Fig.  12.2  and Table  12.2 ) one 
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may note the importance of European companies in this process, occupying 
around 50% of the list every year, as well as two important tendencies: the growth 
of the proportion of Asian and Latin American companies, particularly noticeable 
after 2005. 

 Corporate Sustainability Indicators 

 Sustainable Development reporting now follows the Global Reporting Initiative    
(GRI) guidelines (G3 edition) promoted by the UN Global Compact   . The guidelines 
recommend the use of certain principles when compiling corporate sustainability    
reports. In order to defi ne report content, principles of materiality, stakeholder    
 inclusiveness, sustainability context and completeness are applied. In order to 
ensure report quality the principles of balance, comparability, accuracy, timeliness, 
clarity and reliability are used. G3 comes with a recommended set of 79 carefully 
selected indicators, which are grouped in the following categories:

   Economic (EC1 to EC9);  • 
  Environmental (EN1 to EN30), subdivided into• 

   Materials (EN1 to EN2);  • 
  Energy (EN3 to EN7);  • 
  Water (EN8 to EN10);  • 
  Biodiversity (EN11 to EN15);  • 
  Aspect: Emissions, Effl uents and Waste (EN16 to EN25);  • 
  Aspect: Products and Services (EN26 to EN27);  • 
  Aspect: Compliance (EN28);  • 
  Aspect: Transport (EN29);  • 
  Aspect: Overall (EN30);     • 

  Social, subdivided into:• 

   Labour Practices & Decent Work (LA1 to LA14);  • 
  Human Rights    (HR1 to HR9);  • 
  Society (SO1 to SO8);  • 
  Product Responsibility    (PR1 to PR9).       • 

 Each group of indicators is divided in turn into Core, which are compulsory for 
disclosure and Additional, which are optional (Table  12.3 ).  

 The following strategy might prove useful for the analysis of corporate sustain-
ability   : sustainability reports of Company X might be assessed from the point of 
view of the latest GRI G3 reporting standards. Performance on each criteria    might 
be seen as an element of a multicriteria decision matrix. Such an assessment might 
be performed for one company over time or for a whole sector in a comparative 
manner. On the basis of the results one can identify the areas of improvement for a 
company’s overall sustainability performance, as well as its relative competitive 
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position within the sector. Identifi cation of gaps in available information will also 
help improve the quality of sustainability reporting. 

 The results will inform the management of a general multidimensional trend 
towards sustainability    at the corporate level, taking all sustainability criteria    into 
account simultaneously. This methodology was pioneered by the author and applied 
to various systems for improved sustainability analysis. An example of such an 
assessment is given in Fig.  12.3 .  

 Figure  12.3 , which represents the web of domination relationships among vari-
ous years of evolution of a Company X, might be interpreted in the following way: 
each letter denotes a particular year of the Company’s performance, A being 1995 
and I being 2003. If there is a domination relationship between various years, it will 
be indicated by an arrow. As can be seen from the chart hypothetical Company X 
was most successful along the path towards sustainability    in the years 2001 (G), 
2002 (H) and 2000 (F), but was not so successful in the years 1995 (A) and 1996 
(B). This allows us to reach a conclusion on the sustainability progress of Company X, 
giving complex and detailed advice. All the GRI recommended indicators or a 
smaller subset may be taken into account when making an assessment. Alternative    
methods capable of dealing with a small set of indicators or a very large set should 
be considered here. 

  Fig. 12.3    Sustainability assessment chart using multiple criteria          
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 On the basis of such an analysis, a complex of concise recommendations might 
be offered, addressing each area of sustainability    performance in detail and offering 
practical steps for achieving further improvement on the path towards creating real 
sustainability value. 

 Cross-Country Comparisons 

 Undoubtedly it will be interesting to explore the extent to which CSR has been 
developed in various countries and the cross-cultural differences which can be 
indentifi ed in the factors infl uencing the uptake of the CSR practices. 

 China    (Xinyu et al.  2010  )  has been one of the most interesting cases in corporate 
sustainability    reporting. The fi rst ever CSR report in China was issued in 1999 by Shell 
and was followed by CNPC, Ford Motors, Baogang Steel, Ping An Insurance, Toshiba 
China and Jiangxi Mobile. Seven CSR reports were published in China in 2005, and 18 
in 2006, reaching a total greater than 80 in 2008. For companies working in China, two 
major motivations for issuing CSR reports have been shown to be the most important: 
economic reasons and reasons of competitiveness in the case of multinationals working 
in China; and government regulation in the case of Chinese companies. 

 The case of Japanese companies is also quite special. The launch of CSR in 
Japan    is usually associated with the year 2003 (Fukukawa and Teramoto  2009  ) . In 
Japan, CSR is understood to describe those corporate principles or policies, which 
have long been infl uencing corporate activities, principles such as “to put utmost 
priority on respecting human dignity, safety and legal compliance” or “to contribute 
to society via our business”. Sustainability is understood as a long-term pursuit of 
the company, as well as a means to support the successful continuation of its busi-
ness. Most Japanese managers taking part in the survey referred to the word “glo-
balisation” as one of the reasons for their company to adopt CSR management 
practices. Interestingly, the subject of human rights the managers found diffi cult. 

 In Germany    (Gamerschlag et al.  2010  )  it was shown that on average, CSR disclo-
sure is positively associated with company visibility, CSR disclosure is positively 
associated with profi tability, CSR reports are more detailed for companies involved 
in the “heavier” or “polluting industries”: automobile, chemicals, energy   , utilities, 
construction; also, the presence of a company on the New York Stock Exchange has 
been shown to be related to the quality of its CSR reports. 

 The situation in the UK    might be characterised by the presence of very large 
companies which embraced the CSR ideas and government support of the CSR 
process manifested in the creation of the CSR minister in 2000. The UK govern-
ment in the 1970s passed many Acts of Parliament relevant to CSR (Idowu and 
Towler  2004  )  such as the Equal Pay Act 1970, Health and Safety at Work Act 1974, 
Sex Discrimination Act 1975, Race Relations Act 1976. The recommendations of 
the EU’s Fifth Action Programme on the Environment summarised in the report 
“Towards Sustainability” (1992) contributed to the interest in CSR. The EC’s 1993 
Environmental Management and Audit Scheme (EMAS) encouraged companies to 



237Cross-Country Comparisons

disclose relevant environmental information and initiate eco-auditing. Many com-
panies have produced full-scale CSR reports (among them several banks which 
went totally bankrupt during the recession of 2007–2009); some have added a few 
pages of CSR information in their general reports. The results of the recent study 
show a weak positive relationship between the depth of CSR disclosure and the 
Earnings per Share for respected companies. 

 In France,    the disclosure of the social and environmental impacts    of a company’s 
activities if it is registered on the Paris stock market became obligatory under the New 
Law on Economic Regulation (Blasco and Zølner  2010 , Delbard  2008 ). Three hun-
dred and seventy three French companies participate in the UN Global Compact    and 
France ranks Number 4 in the world on the global report list with external assurance. 

  Fig. 12.4    Concept map for US CSR reports (Chen and Bouvain  2009  )        
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Catholic traditions shaped the French mentality, where property ownership and 
commerce were considered appropriate only if they are not excessive. Later on, with 
the arrival of the fi rst Socialist government in 1936, social issues became even more 
prominent in French political discourse. New legislation on the “ bilan social ” intro-
duced in 1977 was later used in the preparation of the NRE and resulted in a rather 
limited coverage of social issues, mostly confi ned to employment relationships, 
excluding human rights issues. At the moment, companies are faced with an ambig-
uous situation where they have to comply with French law to include sustainability    
issues in their general reports complying with NRE and also produce separate CSR 
reports according to GRI guidelines. 

  Fig. 12.5    Concept map for UK    CSR reports (Chen and Bouvain  2009  )        
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 The cross-cultural differences in the scope and the emphasis of CSR reports are 
probably best illustrated by the sophisticated semantic differential analysis carried 
out by (Chen and Bouvain  2009  )  with the help of Leximancer Software. Analysing 
hundreds of CSR reports produced in the USA, UK   , Australia and Germany    the 
authors identifi ed six major themes which commonly recurred in the reports: work-
ers, customers, suppliers, community, environment   , and society. As Figs.  12.4 – 12.6  
show, the concept maps for each of the chosen countries are quite different. In the 
US CSR reports, a relatively high importance is placed on community and employee-
related issues; in the UK reports, employee and community related issues remain 
signifi cant, but are related to health    and safety issues. German company reports are 
clearly very distinct from all other countries in the sample. While employees remain 
central, there is much clear emphasis on environmental and social issues.         

  Fig. 12.6    Concept map for German CSR reports (Chen and Bouvain  2009  )        
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