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Abstract

Titulo Modeling a sustainable urban structure

An application to the Metropolitadrea of Porto
Nome Luis Nuno Ferreira Pacheco Quental
Doutoramento  em Engenharia do Territorio
Orientador Doutora Julia Maria Brandao Barbosa Loureng

Co-orientador Doutor Fernando José Silva e Nunes da Silva

Abstract

A conceptual frameworkabout sustainable urban development was develofexn several
scientific and political approaches to sustainabilgveralterritorial structure dimensions
were then researchedwith the objective of understanding how thewfluence mobility
patterns residental energy consumption, residential water consumption, and urban growth.
The scale of analysis is the borough. The overarching goal was to contribute to a better
understanding of urban dynamics, namely how selected urban sustairgdaligyconflict with
each other. Indicators comprisingeveral urban sustainability domains were gathered,
thematically aggregated, and processed for the 130 boroughs of the Metropolitan Area of
Porto. Statistical methods includingfructural equations,multiple regression, gemalized
estimating equations and support vector machines were applied to nradbllity patterns
residential energy and water consumptiamiminality,and urban growthResults showthat
socioeconomic factors particularlyincome educationand familysize- are the most relevant

in shapingmobility and consumption patterns at tHmrough level. Uban form also plays a
significant role i determining mobility patterns and, to a lesser extergsidential energy
consumption.Urban growth is largely detenined by the level of accessibility taighway
infrastructure.During the last decadeshcomeshave been increasinéamily sizegliminishing

and populationdensities decreasing, but llathese trends push urban areas away from
sustainabilitySince hum@a capabilitiesare not supposed todecrease, planning for a compact
urban form could at least attemfib counteract the negative environmental effects caused by

socioeconomic trends

Keywords : sustainable development; urban sustainabilityan form sustainability indicators;

energy, water and mobility patterngtban growth;Metropolitan Area of Porto
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Resumo

Titulo Modeling a sustainable urban structure

An application to the Metropolitan Area of Port
Nome Luis Nuno Ferreira Pacheco Quental
Doutoramen to em Engenharia do Territorio
Orientador Doutora Julia Maria Brandao Barbosa Loureng

Co-orientador Doutor Fernando José Silva e Nunes da Silva

Resumo

Desenvolvetse uma estrutura conceptuaklativa asustentabilidadeurbana resultantede
diversosmodelos cientificos e politicode desenvolvimento sustentavévestigaranse de

seguida diversas dimensfes da estrutura urbac@em o intuito de compreendera sua
influéncianos padrbes de mobilidade, no consumo residencial de energia, no consumo
residendal de agua, e na expansdo urbana. A escala de andlise é a da freguesia. O objectivo
ultimo deste trabalho é contribuir para um conhecimento mais aprofundado das dinamicas
urbanas, nomeadamente de que forma alguns dos objectivos de sustentabilidadepadzmna

entrar em conflito uns com o0s outrosRecolherarrse, agregarafse tematicamente e
processaranse indicadores relativamente aos diversos dominios da sustentabilidade para as
130 freguesias da Area Metropolitana do Porto. Modelasa@os padrées de mabdade,o
consumo residencial de agua e energia, a criminalidade e o crescimento urbans dgavé
métodos estatisticos como equacles estruturaegressdo multiplagequacdes de estimacao
generalizadag® maquinas de suporte vectoriaDs resultados mosam que as variaveis
socioecondémicas especialmente o rendiment@ educacd@ o tamanho da familia sdo os

gue mais fortemente influenciam os padrées de mobilidade e de consumo adsdedguesia

A forma urbanatambémdesempenha um papel significatha determinagédo dos padrdes de
mobilidade e, em menor escala, no consumo residencial de energia. O crescimento urbano é
em grande parte explicado pelos niveis de acessibilidade eestftauras rodoviarias. Nas
Ultimas décadas osendiments tém aumerddo, o tamanho das familias diminuido e as
densidades populacionais decrescido, mas estas tendéncias afastam as cidades da
sustentabilidade. Visto que as capacidades humanas ndo devem diminuir, planear formas
urbanas compactas poderia pelo menos contradsrimpactes ambientais negativos causados

pelas tendéncias socioeconémicas.

Palavras-chave: desenvolvimento sustentayekustentabilidade urbanaforma urbana
indicadores de sustentabilidgdpadres de consumo de energia, agua e de mobilidade;

crescimaito urbano; Area Metropolitana do Porto
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Acronyms and glossary

(The following tables clarify thmeaning of some terms used throughout this thesis.

Basic terminology relateto data analysis.

Term Meaning

Variable General term designating any property of a system that can change its value.

Raw data  Data collected on source that has not been subjected to processing or any other manipulation.

Indicator A symbolic represention designed to communicate a property or trend in a complex system or
entity (Moldan & Dahl, 2007 Indicators are partial reflections of reality, based on uncertain and
imperfect modelsNleadows, 1998

Factor An unobserved variable describing the common variability among observed variables as obtain
statistical factomnalysis. One factor may be able to summarize severatlonensional indicators
with increased reliability.

Dataset In this thesis, two datasets were used as the basisnodeling a longitudinal (1992001) and a
crosssectional (2006). Each is compdsby factors and by other relevant indicators.

Model A formalized expression of a theory or the causal situation which is regarded as having generat
observed data. In statistical analysis the model is generally expressed in symbols (in a mathem
form), but diagrammatic models are also fouECD, 2009. Sets of assumptions about how the
world works, what is important, what should be measui®teadows, 198). See also the definition
of framework

Framework The broad and schematic representation of model components and their interrelations. In this tt

frameworkefers to the most general diagram portrayedrigure4.2-1, whilemodefefers to more

specific and goal based submodels.
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Basic terminology related to the components of human ecosystem.

Term Meaning

Human ecosystem A coherent system of biophysical and social factors capable of adaptation and bilgtain
over time. Human ecosystems can be described at several spatial scales, and these <
are hierarchically linkedMachlis & Force, 1997

Territorial structure  The spatial configuration of resources, including human capabilities, to the spatial
or urban structure configuration of physical capital amdnsportation system, and to the spatial configuratio
of the processes that enable the proper functioning of the human ecosystem, which in

the economy and the life supporting systems.

Urban form or built ~ The spatial configuration of &d elements within a metropolitan region, including the
environment spatial pattern of land uses and their densities as well as the spatial design of transpo
communication infrastructureAnderson, Kanaroglou, & Miller996; Handy, 2006 Urban

form is a component of the territorial structure.

Interactions The flows of goods, people and information among different locations in the city

(Anderson, et al., 1996the metabolism of societynd the impacts caused by them.

Metabolism The exchange of energy antatter between social and natural systeriiss¢herKowalski
& Haberl, 2007.

Urban design The physical form of the public realm over a limited physicea of the city. Lies between
the design scales of architecture, which is concerned with the physical form of the priv
realm of the individual building, and town and regional planning, which is concerned w
the organization of the public realm its wider context (Gosling and Maitland, 1984, as
cited inFrey, 1999 Urban design must also set some rules for the design of those
elements of the private realm that are involved in the formation of the public reBey(
1999.

Conflicts Detrimental impacts on the quality of life of people such as criminality, accidents, certe

diseases, etc.
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1. Intro duction

1.1 The importance of sustainability research

Sustainability as an imperative

The power of human beings in the colonization of nature has mbeen so significards in
present timesHibbard, et al. (2007has named thiscreasing scale of human econoasthe

great acceleratioworld human population increased fofold between 1890 and 1990; in the
same period, industrial output increased40-fold, energy consumption Held, waer
consumption Yold, and fish consumption 3bld; total economic volume wasultipliedby 14

(John Mc Mil, as cited in Lambin, 2004). Other data indicate the degree of colonization of
natural processes: carbon dioxide levels in the atmosphere hapassed prendustrial levels

by 30%; humans appropriate about 40% of theestrial photosyntheticproducts; between

one third and half of the Earth surface has been altered by human intervention; and more
than half of the freshwater available is useg dbcietal metabolismVftousek, Mooney,
Lubchenco, & Melillo, 199.7The resulting environmental impacts afe@a great concern for
humankinde.g.the rate of species extution is the highest over the last 65 million yeaosie

in seven bird species is threatened widxtinction or is already extinct;and humanitys
ecologicalfootprint in 2005amountedto 2,7 haper capitaand exceeded available biocapacity

by 30% Most of these trends and impacts need a considerable time until they stabilize or
revert, so the imperative for changing course is even greater.

The infroduction of sustainable development as a concept can be understood as an intellectual
answer to address the impacts caused by human activity and an attempt to reconcile the goals
of environmental protection and economic growth. The concept gained widepance after

the publication of the Brundtland Commiss@meport filOur Common Future) which coined

its most commonly cited definitiorfSustainable development is the development that meets
the needs of the present generation without compromising thiitgtof future generations to

meet their own needd (World Commission on Environment and DevelopmeWCED],
1987). Probably as a result of this politically correct definitionwhich cleverly avoids
mentioning tradeoffs between conflicting goals sustanable development has entered the
lexicon ofworldwide decisionmakers, scientists, and citizens.

Calamities such as famine, poverty and AIDS, and the environmental burdens described before,
should be accepted as an urgent call for society to &indore respectful way ointeracting

with nature, and a call for human beings to digréfch other.There is no doubt that

sustainability is an imperativBut it is a challenge as well.
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1| Introduction

Sustainability as a challenge

The implementation of sustainability remamshallenge to society. While an abundance of
literature concerning sustainable development has been published, only recesitige the
emergence of the segalledsustainability sciericdnas a solid scientific background started to
permeate research effts. Sustainability science is an important step towards an overarching
sustainability theory that brings together several fields of knowledgeamésearch program

of its own andattemptsto assemble the large range of scientific production into a nmegnl
result. Qustainability science can also bridge the gap between policy and sbieceese it is
problem driven.

A theory of sustainable development must acknowledge the primary role of ethics and of
societal choices in determining which goals aresped, while leaving enough room for
scientific knowledge to be taken into accouhikewise sustainability should be understood
more as a path to bdollowedthan as an end stateJfited States National Research Council
[NRC], 1999). In fact, there is n@nd state upon which society could agree; goals are
progressive, and as long as they are reachemte ambitiousones take their place. The notion

of progress is also compatible with learning. Most scholars agree that sustainability requires a
fundamentakhift in peopl& values andehaviors and these can only be changed through
learning, which is usually a ¢gmy processHowever, & society learns how to be sustainable,
eventually a newsocioeconomic paradigm will replace neoliberalism as the dominan
worldview.

Sustainability therefer comprises multiple challenges, but ramvadaysmost people live in

cities, a sustainability transition is necessarily an urban sustainability challenge.

The quest for urban sustainability

Earth is an increasingly urbaianet. People have been moving to the cities looking for
opportunities and a better way dife, but this movement is not without impacts. As people
adopturban lifestyles, their consumption patterns become more intensive in materials, energy
and inform#éon, and, as a consequenciheir per capitaecologicalfootprint rises (Rees &
Wackernagel, 1996 These impacts need ndb be locdly visible, as far away regions and
ecosystems export their products and services to cities. Along with urbanization and improved
transport infrastucture, socioeconomic changes explain why cities have been spreading over
vast territories T usually much faster than they are growing in population. This sprawling
process often destroys high quality agricultural soils and leads to higher commutingelésta
and greenhouse gas emissions. The automabdgeredthis structural morphological change

of cities at the first placeAs people have to travelonger distances, often from or to places
with poor links to public transportation networks, the car beame as much of a choice as of a

basic daily need.
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1.2| Relevant sustainability knowledge v

Nonetheless urbanization is also strongly connected with sustainability. The most urbanized
countries are also the wealthiest and those whose population is most educated and free from a
political standpait. According to Sen (1999), people in these countries enjoy greater
opportunities to develop theircapabilies. Therefore, it is reasonable to think that the
creativity and learning skills essential for a sustainability transitiomuslilikelyto be present

in cities. In addition, most European and Asiatic urban areas have a dense core, which, when
compared with sprawling patterns of development, is associated with a |@&ercapita
ecologicalfootprint. Economies of scalsupportcheaper and enviranental friendly solution in

such fields as transpation, water treatment, sewage collection and recycling, and energy
usage and productioreconomicallycities providefirms with the labor and skills they need to

settle and prosper; sociologically, egiprovide the critical mass that some ideas need until
they start to be widely known.

Human concentration in cities, although in different levels, has been a definite characteristic of
societal evolution. Finding more sustainable patterns of urban dewelopcould diminish the
undesirable side effects of urban growth while maintaining all of its positive consequences. The

sustainability challenge encompasses, therefore, an urban sustainability challenge.

1.2 Relevant sustainability knowledge

This thesis builsl on several studies Wi a holisticfocusthat cover the several dimensions of
sustainability Goodland (1995) analyzed the scientific dimensionf environmental
sustainability, namely the implications in terms of growth, limits, scale and capital
substitutabilityKates & Parris (2003xamined the influence of losigrm global trends on the
transition to sustainabilityParris & Kates (2003agharacterized specific goals, targets and
associated indicators as embodied in international agreements and plans of action, and
described the current state and efforts to attain four such ggaéducing hunger, promoting
literacy, stabilizing greenhougas concentrations, and maintaining frestier availability).
Parris & Kates (2003R)ighlighted similarities and differences in the motivation, process, and
technical methods used in a dozen prominent examples of sets of sustainability indicators.
Raopke (2005) extensively reviewed the development addaracteristics of ecological
economics.Leserowitz, Kates, & Parris (2008urveyed five major efforts to identify values
and behaviors essentifdr a sustainability transitionhey also analyzed how contextual trends
(freedom and democracy, capitalism, globalization and equality) could deflsecietal ability

to adopt those values, attitudes and behavio8ieddon, Howarth, & Norgaard (2006)
explaired some of therationales behind sustainable developmahlibough leavingmportant

contributions suchasthe resilience approach behin@ostanza, Graumlich, & Steffen (2007b)
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published numerous insights concerning the interactions between society and nature through

time whichmay in the future be used as building blocks of a sustainability theory.

1.3 Research objectives and hypothesis

The main goal of this thesis is &ssess the influence trritorial structuren mobility patterns

on residential energy consumpéind onresidential water consumpfldre thesis also intends to
asess howterritorial structure drivesurban growthA more detailed analysis of the influence

of urban fornt on these variables shall be made.

The issues referred above are some of the dimensions identified in a general urban
sustainability framework derived to anchor and support theorelycaihe proposed
investigation A multidimensional perspective afrban sustainabilitis therefore pursued and
favored However, as this thesis mainly concentrates on thgitorial structure at borough

scale sustainability dimensions like governance, whgdume a more pronounced relevance at
higher levels (e.g., the regional, national and global), are absent from the statistical modeling.
The generaframework was used as a basis from which a more detailed and operational model
was built.

This thesis comibutes to a better understanding of some of the most relevant urban
processes by providing knowledge about their dynamics and interactiam ihterested in
making explicit how differentirban sustainabilitdimensions conflict with each othesince a
desirableprogressin one dimension may imply an undesirable change in other dimension.
Clarifyingthese tradeoffs - almost a taboo for decisiemalers - is particularly important,
specially to guarantethat values andptions behind decisiors are transpeent and can be
scrutinized by the public.

As a general goadnd havingerformedthe research and the literature review as background,

| also intenl to reflect about the evolution of the sustainability concept, its political and
research developments, drthe role of cities in fostering a sustainability transitié\t. the

same timejt is not my intention to perform a sustainability assessment of urban systems, but
rather contribute to the body of knowledge these assessments require in order be scialhific

grounded.

! Territorial structure is a concept thatefers to the spatial configuration of resources, including human
capabilities, to the spatial configuration of physical capital and transportation system, and to the spatial
configuration of the processes that enalthe proper functioning of the human ecosystem, which
include economy and life supporting systems.

2 Urban form refers to the spatial configuration of fixed elements within a metropolitan region, including
the spatial pattern of land uses and their deiesitas well as the spatial design of transport and

communication infrastructuréJrban form is a component of the territorial structure.
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1.4| Methodology 1.4.1] Literature review

From a motivational perspectivehis thesisrepresents an effort to complemernhe work of
Lourenco (2003) who identified the most relevant enabling and facilitating conditions
influencing the capdayg of territorial plans to be implemated. Adding to her analysisfocus
on the substantive character of planning having a sustaiteblerial structure asreference,

and less on the planning process. The two domains are equally important.

The resarch hypothesesf this thesisare:

1. territorial structure at the boroughlevelhas a distinct influence omobility patterns, on
residentialenergy consumptigrand onresidential wateiconsumption

2. particularly, urban forms characterized by high densitieixed land uses, and served by
high service levels of public transports are associated with lower shares of car dependency,
and higher shares of walking and use of public transports;

3. the effect of rising densities, mixing land uses and providing betitiglicptransportation
services ormobility patterns, onresidential waterconsumption, and on residentiahergy

consumptions hindered bywhen thesocioeconomicstatus of people increases.

1.4 Methodology

A global structure of the thesis is presentedhigurel.41 and summarized in this section. A
detailed description of the framework used to analydagta anda descriptionof the specific

statistical methods employed in that task is provided in chagter

1.4.1 Litera ture review

This thesis started with dterature review covering topics such as sustainable development,

ecological economics, sustainability science, urban sustainability, urban planning, and the

relationship betweenterritorial structure and other indiators (mobility patterns, water
consumption and energy consumption). Connected topics were also screened, including the
theories of complexity and setfrganization, vulnerability and resilience, see@llogy, human
needs, governance, ecosystem serviemed economic valuatioWith time, the reviewbecame
increasingly focuseth ordert o better fit the thesis3 obj
about sustainable development were analyzed first, and more specific literature directly related
to the reseach questions later on. Bibliographic databases such as the Web of Knowledge
(http://newisiknowledge.com), -d¢n (http://lwww.bon.pt) and Google Scholar
(http://scholar.google.com) were repeatedly queried to avoid missing relevant literature. In
addition, tre recommended practice of scanning cited references iteratively was useful to spot

often-cited papers (see also the bibliometric analysis presented in sehn
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1| Introduction

In terms of methodology, several sources were séadas well. On a first approach, literature
concerning indicators, standard statistical analysi factor analysis, cluster analysis, multiple
regression and the general linear model) and data mining was Veitld. the aid of expert
opinion, this abwed for a better understanding of the kinds of analysis that could be
performed. Specific literature pertaining selected methods was then analyzed so that the

scientific validity of data analysis could be guaranteed.

Chapter 1
Intreduction

e Chapter 2
The roots and evolution of
' sustainable development

Literature review e

[i PhD H Sustainability, urban

I-___ objectives | sustainability, urban structure, | T _

- land use, transports, etc Chapter 3
Ml Urban sustzinabil by
Review of data Chapter 4
‘ _ , S | analysis methods |——»  Sustainability indicators
i |

. Data processing
(b} llection
EIEEEIEEED | P software: ArcGIS, IDRISI,
Yarious sources Micrasoft Arcass
N P _ - S—
Chapter 5 | @ = Data screening, . R
Modeling sustainability —— — reduction and cleaning =
Io:':'_l_l_eve_ Indicators Histograms, scatter plots, Pearson’s | Datasets
124 indicators ) correlations, factor analysis, Cross-sectional
— —_ _— reliability analysis —___ and longitudinal
Modeling mobility patterns Thematic maps
s 5t equations and ) Fact ysis and —————|
sup ector machines | geographica ation systems
Vears: 2001 and 1991 : !

4 N ’ Population density, land
Modeling urban growth ~ Chapter & cover and urban expansion |
> Gl-'l"-‘f.-:l ed l.-'5l |_'_"i|'-i'1tl '_-"-1_L_'i|'-i'J"5 [ P Results and d fr'._uy:' L_;” = Geographical information systems
Years: 2001 and 1951 <. ) 1 W Years: 2006, 2001 and 1991

Modeling water, electricity, SustainaDility domains

and criminality 1 Factor and cluster analysis
andard st o i - Year: 2006

Chapter 7

Conclusian

Figurel.4-1: Flowchart showing the structure of the thesis.
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1.4.2 Building the sustainability framework for data analysis

The statistical modeling performed is anchoradailargerframework clarifying the dimensions

of urban sustainabilitpnd therelationships between thenThis framework is based onthe
several approaches described in the literature review about sustainable development and urban
sustainability The framework is used as the theoretical basis for data analyisisorder to
guarantee the consistency of methodology, results, and conclusions. As a conceptual
contribution, the framework provides a structure that accounts (a) for humature
interactions, (b) for the societal evolution towards biological and cultural ends, (c) for the
metabolism of human ecosystem, and (d) for some caffert relationships between driving

forces and impacts.

1.4.3 Data collection and processing

Because of the latitude of domain®levant when studyingerritorial structure, data
concerning asnanyof those dimensions as possible was needed. Numerous data sources were
obtained, including Census data from INEStatistics Portugal, social security information,
satellite images and land cover cartography, and environmental data about the residential
consumption @& energy and water. A complex process wdriable processing followethe

overall goalbeing the selection ofmeaningful indicators for each of the 130 borough of the
Metropolitan Areaof Porto and for the widest time span available (1991, 20#1id 2006,
whenever possible)Data in geographical formats required thengest processingtime,
includingthe computation of distances, accessibilities, and areas. The classification of satellite
images to produce land cover maps and statistics was particulbdyidas. Data in the form

of statistics requiredonly minor processing such as the computation of ratios or location

quotients. This phase yielded 124 indicatooseringdifferenturbansustainability domains.

1.4.4 Data screening, reduction and cleaning

The great number of indicators, much of them portraying equivalent processegmmended

its reduction to a manageable and more realiset Some variables were discarded because of
extreme skew, becausedd values were found or because of incompatible caibecmethods

in different periods. The remaining variabl@he majority) were divided into domains
according to the framework used and each group was factor analyzed. Factors and single
indicators (not well represented by the factor structure) were assédhbinto a crosssectional
dataset (mostly for 2006) and a longitudinal dataset (for 1991 and 2001).
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1.4.5 Data analysis

Data analysis was carried out using different statistical methods according to the specific

modelinggoals and tdhe strengths and limitatios of each method:

¢ modal shares were modeled usisiguctural equations andupport vector machings

e residentialwater consumptionyesidentialelectricity consumption, and criminaliggainst
peoplein 2006 were modeled using multiple regression or esiens of this methodthe
generalized linear model);

e urban growth was modeled for the periods 19®D00 and 2002006 through
generalized estimating equations;

e cluster analysewere performed for each sustainability domain to access the existence of

charateristic urban patterns across boroughs

For regressiorike statistical methods and structural equation modeling, it is possible to derive
conclusions through thenalysisof the coefficientsobtained. By comparing the relative size
and significance ohese coefficients, it is possible to accéss relative effectof territorial
structure variables (density, langse mix, level of public transports, level of education, wealth,
etc.) on eachdependent variable (modal shares, residential energy consumpgsidential
water consumption, urban growth, and criminality against peole). other methods it is
necessary to perforndifferent procedures asexplained in chapted. Some of the results
achievedwere worked out in order to yield more intuitive results. Clustersef territorial
structure, for instance, weregrouped and classified according to their sustainability .|ével
number of graphs andmapswere in addition produced to facilitate the visualizationand

perception ofresults.

1.5 Utility for theory and practice

Research carriedout in this thesis adds to the body of research dealing with urban
sustainability particularly with sustainablerritorial structure and urban form. Conclusions
demonstratethe importance ofurbanform at the boroughlevel in shaping mobility patterns
Density, mixed land uses and the service level of public transports were found the most
important factors reducing car dependency. Results @dstify the significancef urban form

in reducing electdity consumption, although the effect is less pronounced. No significant
influence orthe residential consumption offater was found The positive effecof urban form
cannot, however, be seen in isolation. This thesis clearly shows that socioecononoics fact

play an even larger role than urban form in shaping mobility and consumption patterns.
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1.6| Research limitadins 1.4.5| Data analysis

From a theoretical andnethodologicapoint of view this thesisinnovates by employing robust
statistical methods thaprovide rich information about the dynamicg arban processes. A
step wastaken as to the establishment of causal relationships, which in urban setting prove
particularly difficult to achieveBy controlling for several significant variables at the same time,
the proposedmodels wereable to provideaccurate estimatiomof the unique &ect of urban

form and socioeconomi@onditionson selected sustainability domainss such, this thesis
helps to clarify whichtrade-offs exist between conflicting goald-or instance, rising average
wealth is certaily a sustainability goal, but results show that citizesis become more car
dependent as they become richer.

Another contribution to theory is the boroughscale of analysiand its relation with higher
scales The influence of urban formon travel behawr is strong. As such, planning for
sustainable urban fornis an effective way aedudngthe environmental burden of cities and
improvingtheir livability.As more and more people are living in citiése role of urban form

must not be underestimated.

Still from a methodological point of view, this thesis shows that indicators caagbeegated

into higher order factors if scientific consistency is ensured by a conceptual framevfork
urban sustainabilityAs an alternative, a smaller set of indicataray also be chosen so that
only the relevant processes for urban sustainability are selected, and the inclusion of
“"duplicatepg indicators representing equivalent
the scientific validity of such choices, evkeseveral other criteria, such as public legitimacy and

political saliengymust also be met.

1.6 Research limitations

Research on urban settings is limited in the first place by the impossibility of carrying out
controlled experiments. People and conditionsually vary freely and are affected by
numerous conditions which are difficult, if not impossible, to account for. As a result, one of
the main goals of scientific researchthe ability to derive abstract conclusionsis also
compromised. This thesis necessarilyimited by these constraingts conclusions are reliable

for the specific context of the Metropolitan Areaf Porto and for the borough scale of
analysis.

Given the scope of the research, other limitations concerning the availability ofecétt
There is a significant lack of data for Portuguese boroughs, with the exception of Census and
economic statistics provided by INEStatistics Portugal. Reporting obligations to 18 not
usually go beyond thmunicipal level. When datzould be dbtained by directly querying their
holders (for instance, institutions from the Public Administration and municipalities),

comparability of data across municipalities wasome casedoubtful moreover,missing data
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were inevitable since some organizattodo notdeem to answer data requestsheardafter
several phone calldpr instance,a secretary telling me that th8oard of the public water
companywhere she was working havdecided” n ot t o [sH nMmy wequesi Data
shortcomingswere amplifiedby the broad realm of domains encompassedti®y operational
research model Availability of environmental information is particularly deficient and
fragmentedbetweennumerous institutionsThe same is valid for the temporal scope of the
information obtained whichwas often restricted to a particular recent yeaMore ambitious
reporting standards are crucially needed in order to stimulate research and transparency at

the Administration level nearest to citizens: the boroughs.

1.7 Structure of the thesis

The thesis begins with a literature review presenting the most important approaches to
sustainable development in both the scientific and political arenas. An assessment of their
evolution was performed also with the aid of bibliometric data and indicatoenweironmental
political activity.The end of tiapter2 concentrates on sustainability indicators because of their
pivotal role in this thesisChapter3 represents a step towards thieoroughlevel of analsis of

this thesis. Sustainabilityrisviewedspecifically at the urban contexthis chapter describes in
detail thegoalspursued bysustainable cities arttle role of planningn achievinghem, as well
asimportant processes such as sprawl and thatiehships betweetrerritorial structure and
selectedenvironmental impacts

From dhapter4 onwards the original contribution of this thess presented Chapter4 starts

with the conceptual frameworkn which the thesis is anchored andescribes then, all the
methodological steps followeduring data analysis. Results are shown in chapferThey
include descriptivestatistics and mapsnd diversestatistical output obtained fronmodeling
mobility patterns water consumption, electricity consumptioarban growth and criminality.

A cluster analysis and a straightforward classification of urban sustainability are also presented.
Chapter 6 ends he thesis with conclusions drawn from the empirical modekhese serve as

an inspiration to a reflection about sustainable developrasrd urban sustainability, namely

the importance of urban systems in fosteg a sustainability transition. Indications for further

research are provided as well.

A note about writing style
This thesis is written in American EnglidReferences, #ext citations and other style issues

comply to the possible extent with the Manual of the American Psychological Associdfion (6
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edition). | avoided the use of footnotes as much as possible because they usually distract the

reader from the central ideas of the text.
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2. Policy, science and measurement of sustainability

2.1 Introduction

This chapter concentrates on both the political and scientific engons of sustainable
development. Although not directly linked to the sustainability of urban systems, the review
and empirical work hereby presented are essential to the development of a solid theoretical
framework to guide data analysis and allow tliding of the thesis.

Sections2.2 and 2.3 attempt to describe the political milestones at the global level of greater
importance to the emergence and evolution of sustaleatevelopment as an ideand to
depict the cyclical patterns of that political activity. In additits sectionaims at identifying

the main sustainability goals and targets endorsed by such political initiatives. Theserdasks
accomplished by refang and discussing relevant meetinggreementsand declarations by
way of a literature reviewand by an assessment of indicators dealing with political will such as
the signature and ratification of environmental agreemetfits creation of protectedareas

the establishment of environmental ministries and the expenditure on environmental
protection. The combined use of both the literature revigiwwhere judgments concerning the
relative importance of different political events had to be madend the objective standpoint
conveyed by the indicator analysis allowed a more robust assessment and a graphical
representation of the evolution of political activitsgs intendedParts of section®.2 and 2.3

were accepted for publication in a scientific journ@uéntal, Lourenco, & Nunes dSilva,
2009.

The remainder of this chapter (sectiois4 to 2.6) is an effort to identify the main scientific
developments that eventually led to the emergence of sustdityalscience as a distinct
scientific disciplineand to shed light on how they contributed and shaped the core of
sustainability thinking. This task is accomplished by referring and discussing important topics
under debate within each of those approachesustainable developmerand by determining

the most influential publicatiopauthors,and journals in the field.

2.2 International politics and policy

A literature review was carried out in order to identify and describe the milestones of
sustainable delopment policy since thsixties and the goals and targets they endorse. Tihis

a difficult and subjective task since no easily accessible indicators to measure regime
effectiveness have emerged. Scholars have been under a lively debate to discamsetliscie

for instance Helm & Sprinz, 2000; Miles, et al., 2001; Mitchell, 2003, 2006; Underdal & Young,

2004 and Young, 1999 Most of the frameworks for analysis opt for several factors that
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should be interpreted through contextual approaches. Accordingviitchell 003 p. 449)
countries that are ecologically vulnerable and have low adjustment costs tend to be more
responsive to agreements while those thate not affected ecologically or have high
adjustment costs tend to be more recalcitrangelin & Linér (2005 structured global
cooperation and policy making on the integration of environment and development around
four perspectives: the emergence and influence of an international environment and
development discoursethe growing multilateralism and the building of new international
institutions the power politics and the NortiSouth conflicts. In order to circumvent the
difficulty of determining which political milestones were decisive for swabée development

the most commonlyonesreferred in literaturewere adopted.

A tentative list of those milestoneslesignated asmultilateral agreemengsinstitutional
arrangementsconferencs, and documentsvas compiledin Table 2.2-1 drawing fromthe
following sourcesD'Amato & Engel, 1997; Ginn, 2008; IISD, 2007; Rodrigues, 2008; Runyan &
Norderhaug, 2002; Selin & Linnér, 2005; UNEP, 2001, 2002, 2007, 2008; WRI, 2003[ 2908
identification of sustainability goals and targets resulted from the content analysis of relevant
declarations fsoft land, conferenced agendas and scientific literaturee{serowitz, et al.,
2006; Parris &ates, 2003a, 2003bere particularly useful).
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Table2.2-1: Sustainable development political milestones sincesitttées

Year* Name Type* Theme

1964  World Population Conference C (Various)

1966 International Covenant on Economi8ocial and Cultural Rights M Human rights

1966 International Covenant on Civil and Political Rights M Human rights

1968  Biosphere Conference C Biodiversity

1971  Ramsar Convention on Wetlands of International Importance M Ecosystems

1972  United Nations Conference on the Human Environment C (Various)

1972  UNEP | Governance

1972  Convention Concerning the Protection of the World Cultural and Natural Heritage M Cultural protection

1973  Convention on International Tide in Endangered Species M Biodiversity

1973  Convention for the Prevention of Pollution from Ships M Waste chemicals and pollutior
1974  Symposium on Patterns of Resource Usavironment and Devefoment Strategies (Cocoyoblexico) C (Various)

1976  United Nations Conference on Human Settlements C (Various)

1979  Bonn Convention on Migratory Species M Biodiversity

1979  Convention on the Conservation of Migratory Species of Wild Animals M Biodiversty

1979  Convention on Langrange Transboundary Air Pollution M Waste chemicals and pollutior
1980  World Conservation Strategy D Ecosystems

1982  United Nations Convention on the Law of the Seas M Ecosystems

1982  World Charter for Nature D Ecosystems

35



2| Policy, sciace and measurement of sustainability

Table2.21 (continued)

Year* Name Type* Theme

1985  Vienna Convention for the Protection of the Ozone Layer M Waste chemicals and pollutior
1987  Montreal Protocol on Substances that Deplete the Ozone Layer M Waste chemicals and pollutior
1987  Basel Convention on the Transboundary Movement of Hdaas Wastes M Waste chemicals and pollutior
1987  Our Common Future D (Various)

1988  Intergovernmental Panel on Climate Change | Waste chemicals and pollutior
1992  United Nations Conference on Environment and Development C (Various)

1992  United Nations Commission on Sustainable Development | Governance

1992  Convention on Biological Diversity M Biodiversity

1992  United Nations Framework Convention on Climate Change M Waste, chemicals and pollutior
1992  Agenda 21 D (Various)

1993  World Conference o Human Rights C Human rights

1994  Conference on Population and Development C (Various)

1994  Global Environment Facility | Governance

1994  United Nations Convention to Combat Desertification M Ecosystems

1995  World Summit for Social Development C (Various)

1995  Conference on Women C Human rights

1997  Kyoto Protocol M Waste chemicals and pollutior
1998  Aarhus Convention on Access to InformatidPublic Participation in Decisidviaking and Access to Justice in Environmental M Governance

Areas
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Table2.21 (continued)

Year* Name Type* Theme

1998  Rotterdam Convention on Prior Informed Consent M Waste chemicals and pollutior
2000  Second World Water Forum C Ecosystems

2000 Cartagena Protocol on Biosafety M Biodiversity

2000  Millennium Summit and Millennium Declaration C,D (Various)

2001  Stockhoin Convention on Persistent Organic Pollutants M Waste chemicals and pollutior
2002  World Summit on Sustainable Development C (Various)

2005  World Summit C (Various)

* Dates refer to the year that multilateral agreements (M) were sigremhferences (C)were organized institutions (I) were established or documents or

declarations (D) were issued.
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The following paragraphs review the main developments of sustainable development policy

according to a framewaork consisting of four main stages.

2.2.1 Until the end of seventies: the first steps

Environmental discourse grew slowly from tfifties triggered by worseningociceconomic
and ecological condition&irkby, O'Keefe, & Timberlakel@99 refer to a development crisis
characterized by eslating poverty and social inequalities security crisis driven by the
nuclear race and by several post colonial wansd an environmental crisis fed by concerns
such as toxic pollutionhealth effects of thalidomigdéhe death of Nordic lakes and thesing
world population. Pioneering efforts led in 1948 to the creation of thewadayscalled
International Union for Conservation of N#tLE&l), the United Nations Scientific Conference
on the Conservation and Utilization of Resources in 194 World Population Conferences
in 1954 and 1964and the Biosphere Conference in 1968.

The United Nations Confeence on the Human Environmentas held in Stockholm in June
1972 and is usually credited as a fundamental catalyst for international awarenes& tottiie
environment and development problemKates, Parris, & Leiserowitz, 2005; UNEP, 2002
Built around the Reé Dubos and Barbara Warsl book fOnly One Earthd and attended by
132 member states of the United Natiofisbut missed by the former USSR and mos its
allies due to the Cold War dividé the conference had important outcomes which extended
throughout the seventiesand beyond. Three agreements were reached: the Stockholm
Declaration with 26 principleswhich constituted the first body of soft lawn international
environmental affairs; an Action Plan of 109 recommendations; and five-sigscific
resolutions.

While the Declaration coherently merged the Nord#h aspirations of environmental
sustainability with the Soudh goal of achieving develoent, which were very much at the
centre of the debate(fpoverty is the worst form of pollution as the Indian Prim#inister
Indira Ghandi put it during the works}he Action Plan enriched and complemented it.
Decisions regarding the creation of the UNEand of an environmental fundmong others
were taken through the resolutionsSglin & Linnér, 2005 Principles and rights taken for
granted in nowadays legal and cultural framewgskgh as the right to live in an environment
of quality and the principle of compensating other nations whangboundary impacts ocgur
were devised in Stockholnalbeit more controversial issues such as the principle of national
sovereignty remained unchanged.

During the seventiesa number of key multilateral environmental agreements were achieved.
They includethe Ramsar Convention on Wetlands of International Importance (19t

World Heritage Convention(1972) the Convention on the Prevention of Marine Pollution by
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Dumping of Wastes and Other Matter (1972bhe Conference on International Trade in
Endanged $ecies of Wild Fauna and Flo¢a973) the Convention on the Conservation of
Migratory Species of Wild Animals (1979) and the Convention on tRaigge Transbouady

Air Pollution (1979). Indirect outcomes at the national level involved the growinggdason

of national parksthe approval of several environmental protection laws and the creation of
environmental ministrieslAmato & Engel, 1997; Selin & Linnér, 2005; Soroméviamues,
2005 see also sectior?.3). Scientific advancements such as the understanding of climate
change the mechanisms behind the ozone hole (although only confirmed in 1985) and the
problem of desertification as well asthe Stockholm Conferace helped to increase

environmental awareness.

2.2.2 19801 1986: a stagnation period

In 1974 the symposium on Patterns of Resource Ud$environment and Development
Strategies took place in Cocoypdlexicg to debate the social and economical causes of
environmental degradation. Its declaration contains several statements dretstill actual
firhe first point to be underlined is that the failure of world society to provi@esafe and
happy liféfor all is not caused by any present lack of physical resoufides problem today is

not primarily one of absolute physical shortage but of economic and social maldistribution and
misused The declaration called UNEP to pursue efforts &co-development Although
conceptually equivalent to the now ubiquitous conceydt fsustainable developmeatthe
former never received much attentiorsélin & Linnér, 2005

During the eighties social inequalities were exacerbated in several developing countries
through the implementation of the Washington Consensus polidi@kipy, et al., 1999 Trade
liberalization tax reforms and privatization of public services that followed often broke local
institutions leading to massive natural resources exploitatidgas@upta, 2001 The number of
war refugees doubled from about 9 million in 1980 to more than 18 million by the early
nineties(UNEP, 2002 Famine spread through large parts of Afrikéling in Ethiopia more
than one million people betwer 1984 and 1985. The attention of international community
shifted to economic growth- which was thought to be compatible with environmental
improvements asa solution for poverty and social inequalitiédapke 2005). Security issues
also played a pivorole because of the Cold War Selin & Linér, 2005. The world
experienced serious environmental accidents: in 1984oxic cloud leaked from a Union
Carbide plantin Bhopal India; in 1986a nuclear reactor at the Chernobyl power plant
exploded releasing a radioactive cloud which floated dvessia and part of Europe; three
years laterin 1989 the tanker Exxon Valdez spilled 50 million liters of oil in AléslRrince

William Sound.
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Besides the stagnation of global environmental poléustainable developmenbr more
specifically environantal sustainabilitywas emphasized byié World Conservation Strategy
(Kirkby, et al., 1999 Jointly devised by IUCNUNEP andNVWF, and launched simultaneously
in 35 countries in 1980the strategy sought to maintain essential ecalabiprocessesto
preserve genetic diversity and to ensure the rational use of species and ecosystéamss(
2006. Curiously although pushing for sustainabilithe strategy found it to be compatible
with economic growth Goodland, 199k An update of the document entitlelCaring for the
Earth: a strategy for sustainable livingas issued in 1991. Moreovethe United Nations
General Assellnly approved in 1982 the World Charter for Natureelebrated the Stockholm
Conferencés anniversar (the so calledStockholm +1@® even if it occurred in Nairobj)and

approved the United Nations Convention on the Law of the Sea.

2.2.3 19871 1995: major achieve ments

The beginning of a new growth period in global sustainable development policy was marked by
the accomplishments of the WCED. The commission was set up by the General Assembly of
the United Nations in 1982 as afindependent group of highlevel expelts and government
officials chaired by the theRrime Minister of Norway Gro Harlem Brundtland. The
commission was asked to formulatefglobal agenda for chanigand more specificallyto
fpropose longterm environmental strategies for achieving sustalimaevelopment by the year
2000 and beyonu(WCED, 1987. The report flOur Common Futuredreleased in 1987 after
three years of public hearings the most cited document in the sustainable development
literature (see sectior2.6). Being able to reconcile the environmental interests of the North
with the development needs of the Southe commission effdively joined the world through

the catchphrasésustainable developmeaihe conceptdefined agimeeting the needs of the
present generation without compromising the ability of future generations to meet their own
needg although stated with a similameaning as far back as 1979 (as can be checked through
a search inMitchell, 2008, became popular only alter Brundtlaidwork (Selin & Linnér,
2005.

The report explores the factors behind the growing equity gap between the rich and the poor
and issued guidance so thabuntries could integratesustainable devabment into their
policies These ranged from asking for more growtionserve and enhance the resource hase
ensure a sustainable level of populatim@orient technologyintegrate environmental concerns
into decisioamaking and strengthen internatior@operation WCED, 1987. The publication

of the report prompted a strong international awareness of the sustainaliiéyes, which
inter aliacontributed to the perceived success of both the Rio Summit in 1992 and its affiliated
documents Kirkby, et al., 1999
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Some of the commissid@ statements were rather controversial. For instanttee appeal for a
sustainable economic gmth is at odds according to Daly (@996, with sustainable
development. Howeverit is important to bear in mind the procedural and political contexts
under which the report was preparedvhich probably prevented the commission from refining
all discrepancies and lead to whétkby, et d. (1999 p. 9) calledirreconcilable positionéOr

it may be that the commission truly believed that the growth limits were only technical
cultural and socialKirkby, et al., 1999 dismissing the biophysical limmthat nowadays seem
very present. Brundtlar® original call for &b to 10-fold more growthd was rectified and
reversed in 1992 by placing population higher on the agenda of sustain&ulitgland, 1995

The progress of international governance was patent through the signature of the Montreal
Protocol on Substances that Deplete the Ozone Layer (1987) and of the Basel Convention on
the Control of Transboundary Movements of Hazardous Wastes and their Disposal (1£89)
well as through the creation of the International Panel on Climate Change (1988) ahé of t
Global Environment Facilitf1991). At the same timethe nineties which started with the
social and environmental catastrophe of the Golf \Maitnessed the loosening of trade rules
especially since the establishment in 1995 of the World Trade Organization.

The positive context referred byZonca 007, partially as a result of the end of the cold war
helps explaining why the expectations were so high at tmted Nations Conference on
Environment andDevelopment UNCED), in 1992. More than 100 chiefs of stat&400
nongovernmental organization8000journalists and a total A0 thousandoeople participated

in the conference YNEP, 2002 Although divergences between North and South were
presenti leading to afgreener agendaand a mismatch when compared with the more
balanced outcomes of the Brundtland repofikkby, et al., 19991 the results can be
considered a success: two international agreements (the United Nations Framkewor
Convention on Climate Changehe Conwention on Biological Diversityand in 1994 the
United Nations Convetion to Combat Desertificatioly a 40 chapter long blueprint for
sustainable development called Agenda @& 27 principles of the Rio Declaration on
Environment and Developmentthe creation of the United Nations Commissio on
Sustainable Developmerdnd the nonbinding Principles for the Sustainable Management of
Forests. Besides all these accomplishmemtsagreement was reached regarding a universal
Earth Charter that could guide the transition to sustainable development.

The Rio Declaration reaffirmed thmain issues addressed by the Stockholm declaration. Its
first principle expresses an inspired view about humanfifaman beings are at the centre of
concerns for sustainable development. They are entitled to a healthy and productive life in

harmony wih natureo
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2.2.4 Retrogressing in the new millennium

During September 2000 the heads of state gathered at the United Nations hosted Millennium
Summit to discuss a broad agenda that covered both development and environmental
concerns. The meeting resulted in thillennium Declarationwhich stressed freedom
equality solidarity tolerance respect and shared responsibility as the essential values
governing international relations in th€Xl century, and resulted in several global targets
called Millennium Devepment Goals. These compriseamong othershalving povertyhalving

the proportion of people without access to safe drinking watealting the spread of AIDS and
insuring universal primary school educatiah of them by 2015.

The followrup of the Ri@ Earth Summit took place in Johannesburg in 2002. Woeld
Summit on Sustainable DevelopmeW$SD), attended by over 100 heads of state and close

to 25 000 different organizations still considered the largest event organized by the United
Nations Wapner, 2003. Along with the mairsessionsa number of parallel events arranged

by the civil society took place. As usu#ie summit resulted in a declaration and a more
detailed plan of implementation.

The main goal of the Summit was to put in place the necessary mechanisms to implen@&nt Rio
decisions since progress during the 10 years interval had been disappointing €sge
Millennium Ecosystem AssessméMEA, 2005; Kates, et al., 2005; Parris & Kates, 2003b
The conference is considered a flop in that it generally recalled the targets already established
during the Millenniunsummit. The world was not able to pursue more stringent commitments
Wapner 2003 blames September 11 and the wdsdconcern with the terrorism threat
adding that the old principle of requiring environmental protection in the North and asking for
development aid in the South was overruled by the belief that economic globalization was a
cure for all problems. In factare was taken to avoid embarrassing contradictions between
trade and environmental agreements. At the same tisane Southern countries started to
realize that their natural resources could be a major source of welfare if carefully managed and
that ruthless free trade might jeopardize thei@onca 007 and Redclift 00§ argue that

the neoliberal ideology pursued by most countries is characterized by a smaller degree of
institutionalization, whiclmotivated the expansion of the human rights and the environmental
protection movements. Conclusions regarding thveaker outcomes o#WSSDQ although may
prove correct can be due to an increasing responsibility and role played by the civil society.
This is visiblefor example in the 344 partnerships between governmenisdustry and
nongovernmental organizations eslished since the Johannesburg conference to carry out
sustainability actionsUfited Nations i Division of Sustainable DevelopmefiyNDSD],
2008b).Haas 2004 addedthat a new complex decentralized international governance system

is emerging. lis characterized by a multitude of actors working at various levels. Hence
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relying the analysis of societal efforts for a sustainability transition solely on governmental
actions is a reductionist and misleading approach.

Still global environmental paly experienced significant accomplishments in regulating specific
threats arising from technological developments. That is the case of the 2000 Protocol on
Biosafety and the 2001 Stockholm Convention on Persistent Organic Pollutants. Biefore
1997 world leaders signed the Kyoto Protogabut it was not until 2005 that ittameinto

force.

2.3 Metrics of political activity

Data that could serve as a proxy of sustainable development policy and capable of depicting
the patterns of political activity was gathefe&ive indicators were used for this purpose: the
number of new parties to multilateral environmental agreements as register&Riy(2008);

the number of environmental agreemen@mendments and protocols signed according to
Mitchell 008; the number of protected areas createdNEP & IUCN, 2008 the number of
environmental ministries establishefeglin & Linnér, 20Q05and the government expenditure

on environmental protection @rganizationfor Economic Ceoperation and Development
[OECD], 2008).Mitchell 003 p. 432) defines an international environmental agreement as an
fintergovernmental document intended as legally bindifthhy a primary stated purpose of
preventing or managing human impacts on natural resourddmse are reliable indicators
cited in respectable publications.g, Selin & Linnér, 2003JNEP, 2002; WRI, 2003but they

were also the only ones available at a global or regional level with a convenient time coverage.
Data concerning environmental expenditures were available f@aCD (2008 on a country

basis and as national currencies at current prices. Data gaps were large before 1996
potentially leading to inconsistent results. To avoid this misleading effdas prior to 1996

were discarded and the remaininglueswere converted to Euros at the exchange rate as of
18 December 2008. For each yearweighedoer capitaaverage for the whole set of countries
(Austrig, Belgium Canada Denmark Finland France Germany Italy, Japan Netherlands
Norway, SpainSweden and United Kingdom) was calculated.

To facilitate comparisons between variablesas units and scales were highly diveisan

index was computed in such a way thir each indicatorzero was madeo correspond to

its minimum value and 100 to its maximum. Thi@norder to smooth the lines and avoid their
excessive yearly fluctuatiprdata were averaged on ¢hree-year basis i.e, each point

represents the average between the values of the previowsent, and following years.

® The methodology hereby described refers to the specific study presented in this chapter and should

not be confused vih the overall methodology of this thesis (chaptr
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The Fletcher databasés{nn, 2008 was used to characterize the primary topics covetag
multilaterals agreements. This source was favored insteallitwhell 008 because of its
higher selectivity (only the most relevant agreements are listed) but broader thematic scope
(human rights and cultural protection agreements are inclydedtrary to whathappens with

Mitchells databaseavhich deals only with environmental agreements).

2.3.1 Policy cycles

Global political activity concerning sustainable development followed an intermittent path
characterized by periods of significant accomplishments and bysokbgs successfukigure
2.3-1 depicts this cycling pattern through the use of data indicating politicalofvillgble2.3-1

for some descriptive statistics about these indarsj.

100 = = Ministries of the

environment created (Selin

and Linnér, 2005)
90

= = Protected areas created

80 (UNEP and IUCN, 2007)

70 - Environmental agreements,
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Figure2.3-1: Indicators reflecting the evolution of sustainable development political activity. Source: own

work based orthe references cited.
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Table2.3-1: Descriptive statistics for the indicators of political activity used.

Name Source Indlex index = Average  Units
=0 100

Ministries of the environment created Selin & Linnér, 0 12 4,1 Number
2005

Protected areas created UNEP & 238 3562 1450 Number
IUCN, 2008

Environmental agreements, amendments ant Mitchell, 2008 4 47 17,4 Number

protocols signed

New parties to important multilateral WRI, 2008 1 197 57,3 Number

environmental agreements

Governnentalexpenditure in environmental OECD, 2008 235 250 244 Eurosper

protection in some OECD countries* capita

* Austria, Belgium, Canada, Denmark, Finland, France, Germany, ltaly, Japan, Netherlands, Norway,

Spain, Sweden, and tkd Kingdom.

Although it is beyond the scope of thishaptera careful analysis of each of the indicators
represented inFigure2.3-1, since the intention is to depict cycles of political activity from their
joint interpretation, some interesting results are worth mentioning. Betwete United
Nations Conference on the Human EnvironmentNCHE) and UNCED, the rate of
agreements amendments,and protocols was around 17 per year. That rate increased
significantly to aund 30 untiiWSSD A similar transition is recognizable in the creation of
protected areas: the rate increased from 1275 parks per year between UNCHE and the
Stockholm +10 summit (in 1982p 2213 untilWSSD Curves may also show different stages
of envionmental policy. For instancghe first efforts of establishing environmental ministries
were followed by the creation of protected areashich cannot also continue indefiniteind

the signature of environmental agreements requires the existence sokssnot properly
covered by existing treatie€Conca (2007)ard D'Amato & Engel (D'’Amato & Engel, 1997)
suggest that governments nowadays privilégeftlawo instead offhard lawd as a way to
fmaximize Iexibility and minimize bindifigwhich may also explain the declining numbers of
environmental teaties signed per year since 1994. In addjtitiiere is an excessive
proliferation of treaties and a fragmentation of international bodies which are in part to blame
for implementation difficulties of the environmental agerdsEP, 2007WRI, 2003.

Despite these possible confounding factors and the fact that the curves do not always follow
each othed trends they do form apattern of four main periods of growth and decline: a first
period of fstarting um growth until around 1979 (3 out of 4 indicators); a second period of

stagnation or even recession between 1980 and 1986 (3 out of 4 indicators); a third period of
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steep gravth between 1987 and 1995 (4 out of 4 indicators); and a final period of decline since
1995 although interrupted by a short peak around 2000 (5 out of 5 indicators). Data is valid
until 2006 from when no conclusions can be drawn.

These conclusions are pported by qualitative assessments of environmental policy and
awareness made b@onca (2007) by the brief environmental sociology presentedR@pke
(2005) and by the deep perspective of the Portuguese philosopher Sorombfdrques
(2005 pp. 4647). All of them propose periods of growth and decline in politicdivity that

differ only slightly from the time intervals above.

Interestingly peaks in the curves dfigure2.3-1 occur in stages of higher concentration of the
political milestones identified ifable2.2-1, particularly with the decennial Earth Summits. The
first of them around 1973 coincides with the UNCHEwith three agreements World
Heritage ConventionConference on International Trade in Endangered Species of Wild Fauna
and Flora,and the Convention for the Prevention of Pollution from Ships) and with the
creation of UNEP; the second peakround 1992 coincides with UNCED with two
agreements Convention on Biological Diversitgnd United Nations Framework Convention

on Climate Changg with the creation of United Nations Commission on Sustainable
Developmentand with the approval of Agenda 21; lastthe peak around 20Q@001
coincides with two conferences (the Millennium Summit 8M8SD and with two agreements

(the Cartagena Protocol on Biosafety and the Stockholm Convention on Persistent Organic
Pollutants). As suggested by Hibbast al. (2007 and supported by these resultsnajor
events such as the Earth Summits appear to function as catalysts of political aafion a

multilateralism.

2.3.2 Themes addressed

The interpretation ofFigure2.3-2, which pinpoints in time the signature of the multilateral
agreements registered in the Fletcher Multilaterals Databdsmn; 2008, suggests that
significant global legislative efforts started around 1950 to protect biodiversity (there are only
3 records before his date the first of them in 1911); developed in maiktiesfor protecting
human rights; progressed in lagixties for waste chemicals and pollution issues (only two
sparse records beforeps well as for cultural protection; begun in laeventiedor sustaining
ecosystems (just two distant records before); and finally started in the beginnitigetfesfor

governance issuemcluding transboundary cooperation and public participation.
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2.3.2| Themes addressed
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Figure 2.3-2: Thematic representation of international multilaterals agreements. Source: own work
based on the Fletcher databa<&irin, 2008.

Almost half (n = 348) of all multilateral environmental agreements registeredlibshell
(2008) attempt to protect species or manage human impacts on those species. From these
more than one thirdrelate to the management of fisherjemd another third deal with marine
animals including whaldartles and seals. More than half of all pollution agreements (n = 126)
address marine pollutigrbut many concentrate on lake and river pollutiolitchell, 2003.

Over time, new agreements have progressed from focusingbasi® and single is&s such as
pollution prevention and conservation of certain specigs more complex and integrated
approaches such as the conservation of entire ecosystdrasnanagement of watersheds and
the attainment of air quality standard&/RI, 2003 D'Amato & Engel, 1997

In a similar veinthe agendasgoals and targets of fibcal milestones have been evolving. In
order to facilitate meaningful comparisgn¥able 2.32 summarizes the achievements of
selected initiatives and classifies them into main topics. These resemble the tradhieeal
pillars that are commonly referred as the dimensions of sustainable development (the
Johannesburg Declaration on Sustainable Developnientinstance adopts the pillars of

economic developmensocial development and environmental protection).
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Table2.3-2: Comparison of sustainable development agenglaals and targets as expressed in selected conferedeekarations and publications.
The table draws fronieiserowitz, et al. (20065elin & Linnér (200550romenheMarques (2005) anlirkby, et al. (1999)

Sustainability

milestone "

Sustaining natural
capital and life support

systems

Minimi zing human

impacts

Developing human and social

capital

Developing economy and

institutions

Other general outputs

UNCHE (1972)

World Conservation
Strategy(1980)

(A) Biodiversity
(A) Soil erosion

(A) Deforestation

(A) Genetic diversity

(A) Ecological processes
(A) Life support systems
(G) Sustainable use of

species and ecosystems

(A) Ozone depletion
(A) Air and water
pollution

(A) Household
hazardous and
radioactive waste
(A) Global warming
Population growth

(A) Rapid industrialization
(A) Cooperation on
environment and
development

(I) UNEP

(D) Stockholm Declaration
(26 principles)

(D) Stockholm Action Plan
(109 recommendations)

(D) Five resolutions
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Table2.3-2 (continued)

Sustainability

milestone "

Sustaining natural
capital and life support

systems

Minimi zing human

impacts

Developing human and social

capital

Developing economy and

institutions

Other general outputs

WCED (1987)

UNCED (1992)

(A) Resources

(A) Biodiversity

(A) Biotechnology

(A) Forests

(A) Soils

(A) Resourcs

(A) Water

(D) Statement of Forest
Principles

(M) Convention on
Biological Diversity
(M) United Nations
Convention to Combat

Desertification

(A) Population growth

(A) Hazardous waste
(A) Climate change

(M) United Nations
Framework Convention

on Climate Change

(G) Meet basic needs

(A) Environmentaéducation
(A) Poverty

(A) Growth

(A) Quality of grawth
(A) Technology

(A) Risk

(A) International cooperation

(G) Green economy

(T) 5 to 10fold more growth

(A) Financing
(T) 0,7 per cent of gross

national product for official

development assistance
(1) United Nations

Commission on Sustainable

Development

(1) Global Environment Facilit

(D) fOur common future

(T) Achieve sustainable

development by 2000

(D) Rio Declaration (27
principles)

(D) Agenda 2140
chapters)
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Table2.3-2 (continued)

Sustainability

milestone "

Sustaining natural
capital and life support

systems

Minimi zing human

impacts

Developing human and social

capital

Developing economy and

institutions

Other general outputs

United Nations
Millennium
Declaration (2000)

(G) Respect for nature
(G) Protect common

environment

(G) Tolerance

(G) Peace

(G) Freedom

(G) Security

(G) Disarmament

(G) Human rights

(G) Equality

(G) Poverty eradication
(G) Solidarity

(G) Protect the vulnerable

(G) Democracy

(G) Good governance
(G) Shared responsibility
(G) Strengthen the United

Nations
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Table2.3-2 (continued)

Sustaining natural

Sustainability ) ] Minimi zing human Developing human and social Developing economy and
) . capital and life support ) ) o Other general outputs
milestone impacts capital institutions
systems
WSSD(2002) (A) Biodiversity (A) Health (A) Energy (D) Johannesburg
(A) Water (A) Sanitation (A) Agriculture Declaration (37 principles)

(T) Significantly reducing
the rate of biodiversity loss
by 2010

(T) Returning fisheries to
maximum sustainable yield
levels by 2015

(T) Halve between 1990 and
2015 the proportion of people
whose income is < $1 a day
(T) Between 1990 and 2015
reduce by 2/3 the < 5 mortality
rate

(T) By 2015 halt and begin to
reverse the spead of AIDS

(T) Halve by 2015 the
proportion of people without
access to safe drinking water
(T) Achieve by 2020 a significant
improvement to the lives of at

least 100 million slum dwellers

(A) Institutions for

sustainabilit

(D) Johannesburg Plan of
Implementation (170

paragraphs)

* A: topic of the agenda; D: declaration; G: goal; M: multilateral agreement; I: institution; T: target.
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2.4 Scientific approaches to sustainability

A presentation of thedifferent achievement®f sustainable development research poses the
problem of how to do it. Eaclapproachconstitutes a distinct body of knowledge with its own
structure, reputation and publicationdut boundaries are often blurredna interconnections
abundant. Inspiration was then soughSneddon, et al. (200@ndRgpke(2005).Sneddon, et

al. divide sustainable development approaches into ecological econgniitical ecology and
devebpment as freedomRgpke(2005) in analyzing the development of ecological economics
sticks to a framework consisting of five categories: its knowledge structgutational
autonomy internal organizationinstitutionalizationand relations to the otside world. This
sectionof the thesisuses a more empirical classification based on the similitude between the
different sustainability approaches.

A literature review was carried out describing thmain scientific approaches that helped to
shape the deslopment of sustainable development since firdies Ethical philosophical or
environmentalist contributions are beyond the scope of this chapter. While care was taken to
include commonly cited research and to grasp the complexity and wide array afstopi
comprised within sustainable developmetitere was no intention to be exhaustive. The
selection hereby presented should be interpreted as illustrative of important scientific
paradigms. For organizational and summary purpcaesainability approachegere grouped

into categories. The principle behind this division was the similitude of ideological positioning
as concluded from normativetéudes and rationale of humaenvironment relationshipsThe
sequence is both chronologically and conceptuallynsipeven if some of the approaches could
reasonably fit more than one category. Some of the developments presented are @Ebed (
population bomtb for instance) but others represents schools of thought characteristic of
specific scientific disciplineshat coexist nowadays e(g. thermodynamics ecological

economicsetc.).

2.4.1 The limits approach

Paul EhrliéfPopulation bordb

The idea of limited planetary resources appeared at least in 1966, when the British economist
Kenneth Boulding publish&ihe ecanomics of the coming spaceship EaBnly two years

later, in 1968,American biologist Paul Ehrlich published his most famous and polemic work. In
firhe population bomd Ehrlich presentech neeMalthusian theory claiming that duririthe
seventiesand eighties hundreds of millions of people will starve to death in spite of any crash

programs embarked upon navand assuring thatthe battle to feed all of humanity is ower
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(Ehrlich, 1968 These predictions proved to be wrong and have been severely criticized since
the book® publication $elin & Linnér, 2005 but they raised awareness to the issue of
population growth and to the scarcity of resmces available to feed it. Ehrlich failed to take
into account the significant increase in agriculture productivity brought about by the green
revolution, even if famine and undernourishment are still commonplace nowadays in the

developing world.

Garret hrdir®s fifragedy of the commons

In the same year of 196&arret Hardin published fhat is identified in sectio.6 as one of

the most cited articles in the sustainable development literature. Tmagedy of the
common® is a metaphor that symbolizes the institutional failure of managing open access
resources such as the atmosphere. The lackwall-defined property rights results in the
absence of successful management systems and of enforcement mechemismaging each
agent (farmer fisher, polluter, etc.) to free ride the resource eventually leading to its

overexploitation.

Thermodynamics

Sustainability thinking has been strongly influenced by thermodynamic cqrinepasticular
the entropy law. The workof the Romanian economist Nicholas Georgestaegen namely
firhe Entropy Law and the Economic Proaeék971) is frequently credited as a source of
inspiration and deep thought about the physical conditions that effectively limit the scale of
human enterpse (Hammond, 2004 Literature about he energetic and thermodynamic
implications on a systedn viability is vast and complekut its main implications may be
summarized as followson one side, he quality and amount of available enerégxérgyo
which can be understood as the opposite iEntropyd constrains the level of complexity
attainable by a system according to the maximum empower prindiatkdwski & Tchernov,
2004; Odum & Odum, 2006and hence its capacity to maintainonequilibrium dyamics with
its environment. That is the case of urban systemvhich are considered setirganizing
dissipative structures dependent on large amounts of high qual#ygg coming from the
exterior (Portugali, 2000 On the other side some authors have argued that exergy
degradation is inversely correlated with economic efficieranyd thus could serve as an
indicator of environmental ustainability lammond, 2001 Odum & Odum (2006) even
analyzd the implications to society of several thermodynamic principtemcluding that a
fprosperous way down is necessary if civilizatioraspires to progress. Relying on
thermodynamics for sustainability assessmegas argued byHammondas beingan approach

grounded in the domain of the metaphor rather than in science.
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Thermodynamic constrains had a significant influence on ecological econ®®igse, 2002

and particularly on the development of the Natural Step conditions in 19&@ich constitute

a possible wayeven if ambiguoy$o operationalize sustainabilitifuntowicz (1999¢oncluded

that, for an economy to be sustainable, the energy productivity of human labor must be higher
than the efficiency of the transformation of energy intake into human w@x&ly (1990)
devised dur system conditioris later by improved byRobért, Daly, Hawken, & éimberg
(1997)7 which should also be consideres minimum sustainability requirementubstances

from the lithosphere must not systematically increase in the ecosphere; substances produced
by society must not systematically increase in the ecosphdre; physical basis for the
productivity and diversity of Nature must not be systematically deterioratmul] fair and

efficient use of resources with respect to meeting human needs.

Club of Ron@fLimits to growbh

fLimits to growthothe report preparedin 1972by Meadows, Meadows, Randers, & Behrens
(2972) for the Club of Rome (a global think tank dealing with international pdliigsues)
called the attention of the world to the biophysical limits imposed on economic growth. Its
major importance for the sustainable development literaturaugnericallydemonstrated in
section2.6. In examiimg future scenarios for five variablegechnology population nutrition,
natural resources,and environmenti Meadows, et al. (1972¢laimedthat fif the present
growth trends inworld population industrializationpollution, food production and resource
depletion continue unchangethe limits to growth on this planet will be reached sometime
within the next 100 years.Based on the prediction model World3he authors added tha
sustainability was still possible to achieve if the population and economical growth ceased
(UNEP, 2002

The impications of this discourse were far reaching since it challenged basic human
assumptions about unrestrained growtlcdodland, 199% As such the criticisms from
opponents were severe and often misinformeédeadows (2007)in a recent review of his
team® work, reaffirmedthe main conclusions ofLimits to Growtho and its subsequent
updates Beyond the Limits and fLimits to Growth: the 30year updatd. The important
conclusion is not about the prediction accurabyt that humanity faces a problem of growth

where resources are limited and thus actions aeeded in order to avoid collapse.

2.4.2 The means and ends approach

Steady state economics
Contrastingwith the conventional economic theories that emphasize throughput growth and

consider as limiting production factors orlgbor and manmade capitalformer World Bank
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economist Herman Daly presented the idea of a steady state econ@aly,(1973. Building

on John Stuart M@ proposals formulated back in the XIX century and inficed by the
thermodynamic constrains described by GeorgeRuegen Pearce, 2002 Daly struggles for

an economic development within Ha& carrying capacityor, as he puts it later on
fdevelopment without growtb (Daly, 1996 p. 69). Growth should be understood as an
increase in throughput holding production efficiency constantd development as an increase
in services obtained from both higher production efficiency (stock yeit of throughput
ratio) and effectiveness (service per unit of stock ratio) holding throughput constant. The very
notion of fexternalitie®is criticized by Dalywho argues that fundamental issues such as the
maintenance of life supporting systemsragatnbe conveniently addressed as a lateral issue in
economics.

Since the sources of social welfare are the capital assets of an ecptivegymust not be
depreciated through time. But th&t exactly what is happening with the natural capital
rendering itthe limiting production factor in the economy. Thu3aly concludessustainable
development is only possible in a steadgte economy whose scale is sufficiently small so as

to allow the proper function of Earils ecosystemsXaly, 1996.

Meadow&sustainability pyramid

In his alreadymentionedwork, Daly (1973)proposed a simple conceptual framework for
sustainability indicators. Theyramid later improved byMeadows (1998)draws attention to

the main socioeconomicesourcesand processes essential to ensure a systevimbility(cf.
Figure2.4-1). The hierarchical structure portrays a gradifrom (a)ultimate meanast the base
(natural capital, or the resources out of which all life and all economic transactions are built
and sustained), followed by (bjtermediate mearisuman and built capital, which define the
productive capacity of theconomy), then by (dntermediate endlsuman and social capital, or
the goals that economies are expected to deliver, such as consumer goods, health, knowledge,
leisure, communication and transportation), eventually leading to sé&iédy ultimate ersl

(the summum bonuro f society: happiness, identity,

structure is deeply rooted in the capital approach of indicator frameworkss@ction2.7).
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Figure2.4-1: Me a sustainability pyramid

2.4.3 The needs and capabilities approach

Brundtlan@ reporfOur common futwe

The WCED was set up by the General Assembly of thmited Nationsin 1982 as an
findependeni group of highevel experts and @vernment officials chaired by the thétrime
Minister of Norway Gro Harlem Brundtland. The commission was asked to formuléaigohal

agenda for changand more specificallyto fpropose longterm environmental strategies for
achieving sustainable déament by the year 2000 and beyan@WCED, 1987. The report
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fOur Common Futuredreleased in 1987 after three years of public hearimgthe mostcited
document in the sustainable devpioent literature (see sectio.6). Being able to reconcile
the environmental interests of the North with the development needs of the Sothb
commission effectively joidethe world through the catchphrasésustainable developmeat
The concept defined agimeeting the needs of the present generation without compromising
the ability of future generations to meet their own neeaslthough stated with a similar
meaning asaf back as 1979 (as can be checked through a seartkitahell, 2008, became
popular onlyafter Brundtlands work (Selin & Linnér, 2005

The report explores the factors behind the growing equity gap between the rich and the poor
and issued guidance so that sustainable development could be integrated into eguntri
policies. These ranged from asking for more groyghnserve and enhance the resource hase
ensure a sustainable level of populaticorient technologyintegrate environmental concerns
into decisioamaking and strengthen international cooperatitiGED, 1987.

Some of the commissid@ statements were rather controversial. For instanttee appeal for a
sustainable economic growth is at oddacording to Daly (1996) with sustainable
development. Howeverit is important to bear in mind the procedural and political contexts
under which the report was prepareavhich probably prevented the commission from refining
all discrepancieand lead to whakKirkby, et al. )1999, p. Qalledfirreconcilable positionsOr

it may be that the commission truly believed that the growtimits were only technical
cultural and socialdismissing the biophysical limits that nowadays seem very present.
Brundtland@ original call for &b to 10-fold more growthdbwas rectified and reversed in 1992

by placing population higher on the agendaustainability Goodland, 1995, p.)9

A broad range of needs and goals

A long debate has been going on regarding how to improuality of decisioamaking
processes. Several authors argue for a broader set of criteria instead of aggregating different
categories into an often misleading single ueig,(Costanza, 2003a; Finco & Nijkamp, 200
Funtowicz, 1999; Munda, 2008There are two main issues at stake: firlie substantial
question of whether different criteria (namelyature conservation and economic prosperity)
should in principle be aggregated; secomdthen such aggregation &cepted on ethical or
practical groundsthe question of how to carry out a scientifically sound process follows. The
latter has been called thtommensurability probled(Béhringer & Jochem, 207

The influence of social scientists such as Abraham Maslodv more recently Manfred
MaxNeef, has swept through the ecological economics and planning fields. They stress the
irreducible character of human needsuptowicz, 1999; Lambin, 2004lkire (2002)surveyed
severalother theoretical proposaland listsof human developmerdimensionsBossel (1999)

attempted to further extendthe conceptof needs to all systems, afidrmulated what he cils
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the fbasic orientatoré (Figure 2.42). Tantamount to human needsthese orientators
(existence effectivenessfreedom of action security adaptability coexistence) must be
satisfied in some extent for a dgm to be viable but no clues are given as to draw the
borderline between sustainability and unsustainability. Because orientators guide &ystem

response to environmental propertieBossel reasonshey also act as evolutionary forces.
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Figure2.4-2: Fundamental properties of system environment and their basic orientator counterparts in

systems. Sourc&ossel, 1999

The second questioin of how to correctly aggregate different criteria into a single unis a
promising methodological research field. Aggregated environmental indices are being devised
and improved by scientists in spite of the inherent difficulties of such a process and the serious
doubts dout what is exactly being measure@afris & Kates, 2003bValuation tools used in
multicriteria and costbenefit analyses are making progresses in calculating asgtmidl
econamic value which comprises both use andonuse values seldom valued by existing
markets. Indices such as the ecological footprint or the human development index use different
aggregation methods.

This agregation controversy should ndie separated from th conflict between model
complexity and measuring capacity. One may have to be compromisagdnof the other.
Ultimately the decision about whether or not to aggregate depends on the desired goal.
Decisions concerning projects with significant impastisuld in principle be based on more
complex multicriteria analyses with limited and precisely explained aggregasonas to
capture a more faithful picture of the realitfC¢stanza, 2003a; Funtowicz, 199®stead of
relying on narrowly defined and utilitarian views of social welfare such as the aggregate
economic growth Daly, 1996; Dasgupta, 2001; Pearce, 2002; Sneddon, et al), 2006
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The concept of human needs wasnsehow replaced by the modern ideology emphasizing
human rights Redclift, 200% and corresponding human values. Freedexuality solidarity,
tolerance respect,and shared responsibility were identifibg the United Nations Millennium
Declaration as the essential values governing international relations KXheentury, but the

gap between those valueattitudes, and behaviors needs to be bridged for a sustainability

transition to occur Leiserowitz, et al., 2006

Sesevel opment as freedomypu

Indian economist and Nobel prize Amartya Sen built a robust approach to development
economicsrecl ai mi ng its original significance of i mg
role as a process of expanding people3s subst
(Sen, 1999/20Q3uilds on hundreds of studies covering a multitude of sectansany of them

portraying Indian and Adic realities- to provide a deep argument about the foundations of
society3®s progress and devel opment . Adam Smith
are repeatedly citedoften to correct commonplace but misleading ideas about them. Several
phenomer, such as the Bengal famine of 1943 and the decline in fertility, rate explained

through a combination of social and economic data method that is increasingly used to

explain complex system behavjdnstead of simple cause and effect mechani€bustanza,

Graumlich, & Steffen, 200Q)7a

S e néapability approackhed new light on the process of development, ebhiwas
conceptualized as an expansion of individual capabilities and social opportunities, and not as an
increase in consumption, health, and education alone. In addition, Sen argued against the
existence of a universal list of capabilities that shoulgdoenoted. Instead, priorities are value

judgments that should be made explicitly, and in many cases by a pafcpsblic debate

(Alkire, 2003. Well-being is conceptualized by Sen into constituents and determinants.
Constituents have an intrinsic valyewhereas determinants are only of instrumental

importance insofar they contributeota higher level of the former.

An i mportant | esson for the sustainability deb:
development issuedoo often left on a secondary placare at the centre of sustainable

development.

2.4.4 The complexity approach

Complesocioecologicgistems
Human ecology approaches were introduced in the 1920s and 30s in order to study the
interactions between society and tlemvironment Machlis & Force, 1997With the advent of

the great acceleratiofHibbard, et al., 2007 or the anthropocenéCrutzen, 2002, most
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environmental problems can only be understood as a result of the interplay leetWwaman
driving forces and ecosystem dynamiGallopin, 2002; Scheffer, Westley, Brock, & Holmgren,
2002. Socioecologicahodels combine information from several disciplines and therefore are

in principle better suited to account for system changes. A number of such frameworks
revealing the interactions between human beings and nditave been proposed(g. Alberti,

et al., 2003; Haberl, Fisch&owalski, Krausmann, sz, & Winiwarter, 2004; Hjorth &
Bagheri, 2006; Machlis & Force, 1997; Ostrom, 2007; Pickett, et al., 1997; Piracha &
Marcotullio, 2003; Young, et al., 2QGée alsd-igure2.4-3).

Natural (biophysical) Cultural (symbolic)
sphere of causation sphere of causation

Biophysical
structures of

society

I l 1 I

Biophysical actualities Society
| (material world) |

Socioecological system

Figure2.4-3: Socioecological systems as the overlap of a natural and a cultural sphere of causation.
SourceHaberl, et al., 2004

Elinor Ostrom is a notable example: her lolasting studies alut the governance of public
goods integrate social and natural scieneesl provide powerful insights and conclusions
about the factors that account for systematic changes in the systems being stidjede(
2.44). Ostrom & Nagendra (2006)for instance, combined multiscale information obtained
from land cover cartography, on the ground assessments and laboraxqpgriments to

examine the relationships between forest conditions under a variety of tenure arrangements.
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Figure2.44: A multitier framework for analyzing a socioecological system. Straight arrowsseqre

direct causal links; red, curved arrows represent feedbacks. Sodsteom, 2007

Another promising use of a combined social and ecological analysis is that of the syndrome
approach: narratives of “archetypi-ratare NOoONSuU:¢
i nt er adetVries, r2@) Thé syndrome approach is a response to the difficulties posed
by the complex nature of the systems being studied. Instead of relying on simpleettacse
mechanismgatterns of interactions between important variables are preferredciwtaccount
for syst e m? sselfongdnizatiopriodinearitiea and eventually collaps€eg¢tanza,

et al., 2007a; International Council for Science, 2002; MEA,)2005

Panarchydaptive cycles andlresce

A dynamic view of sustainable development is providedGoyderson & Holling's (2002)

theory of panarchy. Refurbishing aglégantly merging existing theories in the fields of ecology

and sociologythe theory of panarchy rests on the concepts of resiligno@nnectedness and
potenti al to explain the <cycl i cé@igurep.48.tAerns of
panarchy thus consists of a nested set of adaptive gyeteh undergoing its own evolution

through four different phases: long periods of slow accumulation and transformation of
resources (from exploitation to conservati), and faster periods that create opportunities for

innovation (from release to reorganizatiorbiglling, 200
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Figure2.4-5: The four phases of a panarchy. Soutgelling, 2001

One of the interesting traits of this theory is its ability to address tleationships between

geographical and temporal scalesr how ~ sl ower and | arger | evel

which faster and HKolng,l200¢p. 390).nMkeswhdepanarchy promates (

a systemds sustainability and devy testpgndhent :
maintains its adaptive capability; and development because it fosters the emergence of new
opportunities that may mve essential for its survivatollingargues that the term sustainable
development therefore is not an oxymororsince the combination of the two properties
shape a "l ogiucal partnership

Learning and adaptive capacity play a central role in the theiopanarchy and are stressed by
several scholars as fundamental conditions needed for a sustainability trarBdgsel, 2000;

Clark, Crutzen, & Schellnhuber, 2004; Hjorth & Bagheri, 2006; Holling, Gundersorgvéid,.u

2002; International Council for Science, 2002; Kates & Parris, 2003; Lambin, 2004; MBA, 2005

2.4.5 The consilience approach

Ecological economics

In reviewing the history of ecological economiBgarce (2002jraces its origins back to the
fiftess when the NGO ~ Resources for the Futurep
Funtowicz (1999Yefers to the latereighties when discontentment with the dominant trends

in economics namely its negligence to ecological constrailesl to the appearance of
contesting viewsRgpke(2005) in turn, situates the birth of the discipline in 1988hen the
International Society for Ecological Economics was establish&a 1989 when the first issue

of its journal was published.
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Ecologtal economics has been broadly defined as the science and management of sustainability
(Costanza, 1991- even i f it is probably too much of a |
distinctiveness may well be asserted to its sgophich embraces not only the allocation of
resources addressetly conventional economic$ut also distribution of resources and the
scale of markets. Togethethese issues tackle three fundamental concerns of sustainability:
efficiency justice and environmental impacD4ly, 1996. Ultimately conventional and
ecological economics differ strongly in whasJep h Schumpeta@amat¢tghtlie€ wvhaeiod
of the world. Whereas the former considers res
w o r |, ecqldgical economics stresses the limiting quality of natural capital and the impacts
resulting from human@o n o my ( t h e Cosfanzd, RO03b;dDaly, H9@8ppkd 2005).
Economic scale should consequent | YaWh¥osl i mi t ed &
The treatment given to externalities impacts on any party not involved in a given economic
transaction- i s anot her matter of di fferentiation. Th
and manageabl e devi atHearae,s2008 bub esologidaleecomomists mu mpu  (
consider externalities a problem of institutional dysfunction at the first place. The problem of
the external effects often derives from the insufficiently defined property righgsCoase
explained in his the@am in 1960. Typical neoclassical mechanisms devised to address this issue

such as theso-called Pigouvian taxes or the tradable pollution permitsare seen as

u n c e rPeasce, B00R Spcial welfaran turn, is understood as a function of several needs
or values that must be satisfied independently of each otkemiowicz, 1999 Ecological
economists thus regard utilitarian welfare and the choice of discount rates with suspicion.
This bringsme to another central issue in ecological economics: the debate about strong or
weak sustainability. Conventional economics tend to consider humabuiliccapital largely as
substitutes for natural capitalvhereas ecological economics emphasize their complementarity
(Ayres, et al., 1996; Daly, 1996; Goodland, 19RBpke 2005). Natural capital is seen as a
critical resource baseor as anultimate meanon which the whole human ecosystem is
dependent Ekins, 2003; Meadows, 1998 he destruction of the capital base beyond certain
thresholds could result in the collapsd ecosystems and eventually of larger systems. Further
development of this idea led to the proposal of the critical natural capital condefined as
“"the natur al capital which is responsible for
cannot be shsti tuted in the provision of BHBkinese func
2003. The level of admitted substitution betweentagl and marmade capital dictates the
strength of sustainability: the stronger it tee more complementary different forms of capital
are considered.
An important application of the ecological economics principles is that of ecosystem sgrvices

i.e, “the conditions and processes through which natural ecosystemd the species that
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make them upsust ai n and fDalyflP97). Thel were axtensiviely stydied(

between 2001 and 2005 by the 1360 experts involved in the MIDAY).

As a synthesjss he excel |l ent review of ecol oRgpke a | econ
(2005) is instructive. She summarizes the core beliefs of the discipline as: the idea of the
economy embedded in nature and limited in scale by the natural capitalrsng capacity; the

need for transdisciplinary work and system thinking in order to correctly analyze
socicecological systems; the acknowledgement of uncertainty and ignorance; the concern for

how resources and wealth are distributed across society; thedbroader set of criteria used

in evaluating different development optigmgich include the intrinsic value of naturedgpke

2005 p. 267).

Nati onal Re's@urr ccho lmamcjid #rsney p

NRC published in 1999 a landmark study about sustainable afgueht that provided an in

depth review of several issues left answered by the Brundtland Commission. One of the
achievements was the organization of a taxonomy of sustainable development arranged as
“what i s to belifsssuppdrtandcomamity),({ hat uhew | ongpy and 7~
be devel opecdnpmy@meacipty)dNRC, 1999 p. 24 - cf. Figure2.46). Each of

the subitems was further divided into more specific gotilas strengthening the conceptual

foundations of sustainable development and avoiding the usualsanitiof an imprecise

definition. While this is a significant advano®re challenging questionsabout for instance

how to achieve those goals and what is the precise scale of tolerable human interference on

the Earth system are left unanswered.

The Baard on Sustainable Development of NRC emphasized the idea of a transition towards
sustainability (hence the title ~Our common | o
the 22 century in which a stabilizing world population comes to meet its seleg moving

away from action that degrade the planets3s | if
moving toward those that sustain NBGQ@9Ypest ore t
21). In accessing different future scenarios, the Board concluded that such a transition is
possi bl e over t he n e xificanttadvanceg m asic knowledge,sin theb u t "s
soci al capacity and technological capabilities

to turn knowledge into action.
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FOR HOW LONG?
25 years
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Figure2.4-6. Taxonomy of astainable development proposed by NRC. SounieC, 1999

Sustainability sooe

The legacy of Bacon and Descartes translated into great scientific achievements and the
beginning of modern science. Scientists split systems into their constituent parts so that
interactions between them can be conveniently studied and replicatecs fEuuctionist
approach is the basis of the scientific methlodt its limitations become apparent when dealing
with complex phenomendduard Wilson (1998jnagnificently verbalized the challenge ahead
of science i n ~ CanoweddeijePr ceed:i ctt hi ethe witengts godl @ffs e s
science are still in an early stagefne wrote (Wilson, 1998 p. 137). How to effectively
incorporate information from different disciplines into meaningful theses is of primary
importance for sustainable development. It is clear that traditional causeffewd mechanisms

do not fit or cannot embrace the complexity of coupled hurramvironment systems from
where the main environmental problems arise.

A new contract between science and society is emerging and its roots date back to the 2001
" Amst er d ation eeo tlekegates from more than 100 countries participating in four

big international research programs on global environmental change met tog&laek,(et

al., 2004. The resulting research program was named sustainability science and focus on the
“"dynamic interacti ons,withequa atentionnoshowsoocl changg s oci e
shapes the environment and how GharkwibDickeonme nt al C
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2003; Kates, et al., 20D10ther core questions being addressed include: how are-teng

trends in environment and developmiereshaping natursociety interactions in ways relevant

to sustainability; what determines the vulnerability or resilience of the natoogety system in
particular kinds of places; which systems of incentive structures can most effectively improve
socal capacity toward more sustainable trajectories; and how can activities of research
planning monitoring assessment and decision support be better integrated into systems for
adaptive management and societal learn@igrk, et al., 2004; Kates, et al., 2001

Sustainability science is considered postmal inter alia because of its problem driven
nature high uncertaintytransdisciplinarity and opennessdllopin, 2004; Omann, 2004The
selection of research priorities is accepted as a societal role and not as a sole responsibility of
scientistssi nce “~qual ity is crucoicaels santdhame fteor st hneo r [
(Funtowicz, 1999p. 9). Saliengdegitimacy and credibility to the public and particularly to
policy makers thus become primary criteria to judge the quality of the research proegss (
Cash, et al., 2003; Funtowicz, 1999; Parris & Kates, 9003b

International researclprograns such as the International Geosphé®msphereProgramand

the International Human DimensiorRrogramare already oriated towards a sustainability
science approacghwhich is finding its own way as a distinct scientific fi#ldjikawa, Ohno,
Takeda, Matsushima, & Komiyama, 2007; Kates, et al.).2005 worth mentioning the
research going on under the Integrated History of People on Earth project. A first report
summarizing the main humamvironment interactions from 10000 years ago until present

time was already publishe@d@stanza, et al., 200ya

2.5 Comparison of sustainability approaches

A tentative synthesis of the sustainability approaches presented before is shdwableR.5 1.

Relevant definitions and concepts are mentioned to facilitate comparisons.
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Table2.51: Comparison of mottos and values as expressed by major scientific approaches to sustainable development.

Sustaining o ) )
) Minimizing Developing Developing )
natural capital Integrative
Reference Motto . human human and economy and
and life support ] ) ) o efforts
impacts social capital institutions
systems
The Iimits approach
" The popul Exponential population growth cannot continue Natural resources Population Affluence Technology
bombp (19 ¢ because natural resources are in limited supply. growth
" The tr age¢ Common pool resourcesnust be effectively manage Common pool Carrying Property rights
commons p ( inorderto avoid their free ride. resources capacity Institutional regime
Thermodynamics The sustainability and level of complexity that a Exergy Entropy
(1970s) system can attain depends on the avmlity of
exergy.
“The | i mi t The limitsto growth will be reached if the growth Natural resources Populdon Nutrition Technology
gr owt hu (I trendsin population, industrialization, pollution, fooc Environment growth Industrialization
production and resource consumption persist.
The means and ends approach
Steady state Development must be based on a higher economic Stocks (capital Throughput Well-being Services
economics {970s)  efficiency and effectiveness so that economic scale assets) Efficiency
be kept constant and the level of naéih assets is Effectiveness

maintained.
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Table2.51 (continued)

Sustaining o ) ]
) Minimizing Developing Developing ]
natural capital Integrative
Reference Motto ) human human and economy and
and life support ] ) ) o efforts
impacts social capital institutions
systems
Sustainability A call to expand the economic calculus to include t Ultimate means Intermediate Intermediate ends
pyramid (1973 and  top (development) and the bottom (sustainability) of (natural capital) means (human anc (human and social
1998) the pyramid built) capital)
Ultimate ends
(happiness,
identity, freedom,
fulfillment)
" Dev el op me Developmentis enhancing freedom ¢lugh the Social Economic
freedomp ( expansion of political liberties, econontapabiliies, opportunities capabiliies
social opportunities, transparency and security. Security Transparency
Political liberties
The needs and capabilities approach
" Our ¢ ommc Sustainable development is the development that  Resources Population Meet basic needs Growth and quality Risk
futur e p (19 ¢ meets the needs of the present generation without growth Equity of growth

compromising the ability of future generations to

meet their own needs.

Technology
Decisionmaking
International

cooperation
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Table2.51 (continued)

Sustaining o ) ]
) Minimizing Developing Developing ]

natural capital Integrative
Reference Motto ) human human and economy and

and life support ] ) ) o efforts

impacts social capital institutions

systems
A broad range of A system, in order to be sustainable, must satisfy e Irreducible needs  Multicriteria Adaptability
needs and goals of its irreducible needs beyond a certain threshold. decisionmaking
(1990s) Likewise, the development of socidtas multiple

goals that cannot be aggregated into one dimensiot
The complexity approach
Complex Understanding the complex ambnlinearpatterns of Resource system Human system Norms and Nonlinearities
socioecological interactons between society and nature. institutions Selforganization
systems 1990s ) Complexity
Interactions

Panarchy, adaptive  Sustainable development is the goal of fostering Resilience
cycles and resilience adaptive capalities while simultaneously creating Potential
(2001:) opportunities. Connectedness
The consilienceapproach
Ecological economic: The transdisciplinary research about the interaction Natural capital Scale Human capital Manufactured
(1990s ) between human economies and natural ecosystem: Ecosystem Social capital capital

services Institutional capital

Equity
Efficiency
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Table2.51 (continued)

Sustaining o ) ]
) Minimizing Developing Developing ]
natural capital Integrative
Reference Motto ) human human and economy and
and life support ] ) ) o efforts
impacts social capital institutions
systems
" Our ¢ ommc Atransition over the early decades of the2¢entury To be sustained Population To be sustained To be developed  Transition
jour neypn ( inwhich a stabilizing world population com® meet (nature, life growth (community) (economy)
its needs by moving away from action that degrade support) To be developed
the planet3®s | ife suppo (people, society)
while moving toward those that sustain and restore
these systems and resources.
Sustainability science The dynamic interaction between nature and societ Planning Institutions Vulnerability
(2001:) with equal attention to how social change shapes tt Decision making Resilience
environment and how erikonmental change shapes Social learning Monitoring
society. Transition
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Each of the approaches to sustainable development presented somehow contributed to shape
the core beliefs of curret sustainability research. It is no wonder, then, that most of the
prominent features of ecological economics and sustainability science can be traced back to
those more specific approaches. It was the continuous development of sustainability thinking
that eventually led to the emergence of those scientific disciplines.

A first distinctive trait of modern sustainability research is the stressing of biophysical and
thermodynamical limits. As a result, it considers that the scale of the human economy must
not exceed environment?3s carrying capacity. Thi ¢
GeorgesctRoegen and Daly. Ecological economics is built around -amabytic vision which
considers the human economy as embedded in the ecosphere. Naturahlcepa limiting
production factor and is only partially replaceable by increased human or built capital. The
fraction of natural capital that is not substitutable by other kinds of capital is critical for the
functioning of the Earth system and thereforist be preserved.

A second attribute of modern sustainability conceptualization is that it is oriented towards
societal welfare and development. Sen, for instance, is very much in tune with the spirit of
ecological economics, in the sense that he dismiglse neoliberal approach stressing growth

as a goal in itself in favor of a more balanced model of development. Daly and Meadows
suggested a hierarchy where resources have an instrumental value in attaining ultimate ends,
similarly to 8vean3dstermthanss tandncoristituents ofowesking. While
efficiently communicating the strong sustainability approach endorsed by ecological economics,
the structure is lacking some of the dynamics, procesgntation, and scale dependence
referred by cotemporary literature. The taxonomy highlights the substantive character of
sustainable development. At a broad scale, according to NRC, sustainability aims at maintaining
nature, life supportsystems,and the community, and at developing people, society an
economy. At the individual scale, freedom, equality, solidarity, toleraespgect,and shared
responsibility were identified by the Millennium Declaration as the core values of sustainable
development. Sen, in turn, recovered the classical notion eklb@ment which he further
elaborated as the expansion of political liberties, social opportunities, security, economic
capabilies and transparency as the goals.

The third characteristic of sustainability identified in this chapter is the understarfdihgdch
system, and particularly every human being, has its own minimum needs in order to be viable.
No compensation between different needs is possible beyond this critical pmigtrhoney

serves of no compensation for a serious health problem). Bhisad multicriteria vision has
several consequences. At the individual level, the irreducible human needs identified by Maslow
and MaxNeef are worth mentioning. At an intermediate level, for instance at when a project is

devised, sustainability arguesttkaaluation must be made against a broad set of criteria, and
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that it is not intellectually correct to aggregated them into a single measure (contrary te cost
benefit analysis, which translates all criteria into a monetary unit). At a macro scale,itime vis
translates into the strong sustainability approach advocated by ecological economics: human or
built capital cannot fully replace natural capital. At an even broader scale, the implications
reach the research process itself: sustainability scienedrisgically multidisciplinary, process
oriented, and guided by the rules of legitimacy, saliency and credibility.

Powerful insights and concepts imported from ecosystem dynamics by Holling and colleagues
comprise the fourth sustainability feature idemtifi that systems exhibit complex behavior
which is difficult to model or predict accurately. This complexity arises from the numerous
system components and variables, whose interconnections can become a real challenge for
scientists. Complexity can assuraevariety of formsie.g, systems can have multiple stable
equilibria, modify according taonlinearequations, or change abruptly near a threshold to
adopt a new unpredictable state or even to collapse. The Histary of panarchy portrays

this complex sgtem dynamics through a nested set of adaptive cycles that span across several
scales. Each adaptive cycle evolves through four different stages (exploitation, conservation,
releaseand reorganization), which correspond to different combinations of threén system
variables: resiliencgotential,and connectedness. In spite of the dynamic and comprehensive
view transmitted by the theory of panarchy, one may question if only three variables are
enough t o conveniently i | | uheyt are to@ muaeh o st e m3 s
simplification, let alone the measurement difficulties they plisis. also excessively process
oriented, disregarding that sustainability is also about desired consequences. A number of
implications stemming from complexity theoryere actively endorsed by modern
sustainability research: the acceptance of basic ignorance in understanding nature and its
connections with human economy, and its incorporation in models; the need for
transdisciplinary work in order to transcend the limiions of sectarian or piecemeal
approaches; the focus on a transition to sustainability, or a move towards this goal instead of
regarding it as a fixed end state; and the development of new concepts, such as that of
resilience, capable of conveying a matynamic and accurate idea of carrying capacity that

links environment and human society.

2.6 Bibliometric analysis

A bibliometric assessment was added to complement and sugpertiterature review thus

providingfor more robust conclusiorfs Other researders have carried out similar citation

* The methodology hereby described refers to the specific study presented in this chapter and should

not be confused with the overall methodology of this thesis (chagjer
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analyses but did not takadvantage frontombining them with

et al. (2007)investigated which thematic clusters were covered by the sustainability science

literature. They faind 15 main research clustemith a predominance of agriculturésheries

ecological economics and forestry. Howeytre criterion used to select the primary scientific

|l iterature was too inclusi ve, thetefore poveringlaothc hed f o
“sustainabil it ywhichapnobably leduts thea incorpobatioa jof) papers not

related to sustainability scienc®la & Stern (2006)jdentified the most cited papers by the

Journal of Environmental Economics and Management and by Ecotampoamics between

1994 and 2003. Similarlgostanza, Stern, Fisher, He, & Ma (206dhcentrated on the latter

journal while adding complementary methods such as the nomination of the most influential
publications by the Ecological E cimtiomsnmihe s 3 edit
present research is a useful complement to these previous studies because the analysis is
confined to papers that are very likely related to sustainable development and spans through

all the journals indexed bthe Institute for Scientificd f o r ma(kS) We ofsScience

which is especially important as that literature can be found in a variety of journals with

different scientific backgrounds. In additioall citations types (bookspapers etc.) are

included.

2.6.1 Methodology

Gathering dhe primary literature

The assessment was carried out over the rather extensive bibliographic datababe of
Scienc€lISI, 2008 which contains over 40 million records from more than 10000 journals.
Scientific disciplines are distributed through three dasets: the Science Citation Index Expanded
(1900), the Socia Sciences Cition Index (1956) and the Arts andHumanities Citation

Index (1975). These three datasets were searched simultaneously through the web interface
of the Web of Science in October 2008.

On a first stepa | | the records that @aomtadilree d etvied o@xmgm
“sustainabil it y,abstact errkeywopds were retribvedi Thesé exprdssons
were preferred rather than ~sustainablepg or ~ s

little to do with the subject since thewords are extremely common and can be used in a
variety of contexts. The option was therefore to use narrow and precise criteria to maximize
the probability that the retrieved papers really addressed sustainable development issues. This
search yielded 7&Drecords the first record dating from 1981. The list was further restricted

to those papers with two or more citations because many of them are probably of limited
interest for the purposes of thisection After applying this criterion the number of peis

was reduced to 3300.
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Figure2.6-1 shows the number of papers published about sustainable development. It depicts a
“"startingp period until the end of the eighti

escalatin@nd large number of published papers since then.

1000

800

600 A

==== Total

- ———With2 or more
-~ citations

Number of papers

400

Figure 2.61: Number of articles published per year cont
“sustainabil ity abstretoekeywvergs (986G 20@5h Bourceown ivdrk based oS
(2008)

Analysis of scientific production and of its disciplinary evolution

The list of 3300 records was used directly as a source to analyze the evolution of scientific
production and of the disciplines covered. Scientific productiwas computed simply by
counting the number of papers published per yeRegarding dentific disciplinesthe
classification supplied by ISI for each paper was used as source. This classification was then
grouped according to the division found in thendarta Encyclopedia: life sciencescial
sciences physical sciencesmathematics, and technology. Papers were classified as
multidisciplinary whenever they covered more than one of thémge disciplines. As the

number of mathematical papers wiasigiificant,they were discarded from this last analysis.

Initial compilation of the cited references database

The references contained Eachof the 3300 papers were also studiéa order to find out the

most influential publicationprimary authors,and jairnals Thisanalysis required a laborious
procedure. Firstall the cited references were joined into a sinddecel file. This yielded as

much as 127000 records (an average of 38 references per paper). A lengthy task of aggregating
all variants of the sae publication was needed because books and other publicatioatsare

not indexedby the Web of Scienceare registeredn the databasasthey weretyped by the

authors of the citing papefandusuallyin an abbreviated form}or instancethe authorof the
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Brundtland report c o ull BIR UNeD tCyQo\RNRI U NaDsT L "AWME DG
“United NationsWORL D COMM EnNMWApy otber even more imaginative ways. The
aggregation required the combination of information from authdte and date in order to

awid mistakes. Papers indexed by ISl did not suffer from these problesmse their
information was precisely registered. From this step, atatabase consolidation varied

according to the purpose of the analysis.

Identification of the most influentidigations

The aggregation procedureras not finished yetA great help came from the shortening of
titles and author names to their first word (titles retained two words if the first was less than
5 characters long). While maintaining the integrity of ttatabase (ensured through the
combination of authartitle and date) this method allowed for a practical cleaning of name and
title variants (for instance DALY HEp and ~ DALY Hp ycarewasded as
taken to group all editions of a same Hqaince they could be typed with different dates. The
next step of the procedure was database consolidation to obtain unique records and count the
number of occurrences of each. A total of 97600 different publications were obtainfed
which the vast majaty (87%) was cited only once. Howevehe use of citation countper si
could be misleading since it favors older publications. To avoid this,pitfation counts were
divided by the number of papers published after the reference in question.uBtralte this
point, Kates, et al. (2001yas cited 56 times; because only 1623 papers (from the set of 3300
records) have been published since 200 result obtained was,3%- ranking higher (6th
place) than wht would be expected solely fronotal citation counts (14th place). At the same
time, though this method could lead to inconsistent results on recent publications even with a
small number of citations. Therefareonly references with 10 or more citationsvere

considered in this analysis.

Identification of the most influential primary authors

The identification of the most influential primary authors required a slightly different
procedure. Author names were shortened to their first word followed by thesftfietter of the

second word. For instangé DALY HEpM@ and ~ DALY Hp wer.epg both r
This was especially important for common surnamesu c h as, WwhigiM cotldtd

misleadingly rank high if only the first word was retained.

Basic statistics
Table 2.6:1 summarizes some descriptive statistics about the bibliometric assessment. The
overwhelming majority of references (87%) appears to be of limited importance since are cited

only once.
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Table2.6-1: Descriptivestatistics abouthe databasef primary literature and cited references.

Statistic Description
Primary literaturé

Number of papers 3334
Range of publication dates 1981: 2008
Average publication date 2000
Range of ISI citations per paper 2:239
Average ISI citations per paper 9,6
References cited by the primary literature

Number of citations 126958
Number of references 97618
Range of reference dates 1556 2008
Average reference date 1993
Range oftitations per reference 1-744

Number of references with 1 citation
Number of references with 2 to 9 citations
Number of references with 10 or more citations

Number of references with 15 or more citations

84666 (87%)
12569 (13%)
380 (04%)
161 (02%)

Average references per paper (from the primary literatu 38
Number of authors with 10 or more citations 1822
Number of authors with 50 or more citations 144
Number of journals with 10 or more citations 973
Number of journals with 50 or more citations 173
*Inclusion criterion: title,

science)

2.6.2 Influential publications

The most influential publications of the sustainable development literaitke 10 or more
citations amountto 380 and represent only ,82% of all referenced={gure2.6-2). A smaller
list of the first 60 is shown imnnexA.1. About half of this list was also identified &pstanza,
et al. (2004)or by Ma & Stern (2006)as inflential in the field of ecological economics or
environmental economicgostanza, et al.pp. 284290) reached a list of 57 papers and 77
monographs (134 in total) cited at least 15 times in Ecological Economwhash is just below

the 161 publications &htified by the present research if the same criterion of 15 citations was

applied (cfTable2.6-1).
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Brundtland Commi ssion?s ~ Our EouredQ@andiscitetdur ep c |
by as much as 22,5% of the papers about sustainability published after 1987, suggesting that
WCED3s definition of sustainable devel opment i
reports will be of pivotal importance if the pace of citatooontinues into the future: the 2001

I ntergovernment al Panel on Climate Change3s (I
and the 2005 MEA (5,9%).

The group of the 60 most influential references includes a broad range of publications types

and themesclassicsg.g.Har di n3s ~ Tragedy of the commons, p
equitypgy or Schumacher3s ~ Smal l i's beautiful p);
development €.g. Meadows, Meadows, & Randers, 1992; Meadows, et al., 1972; WCED, 1987

Lele3s ~Sustainable devel opment: a critical r e

(e.g. MEA, 2005 and the climate change reports from IPCC); papers about the development

and sociology of science (lmlhenco3s “~Entering the century of
contract f Katessetdl., e200don sustainability science); policy documerts),(

"The World Conservati onon@ndrAgehda gly; and anudmbeer i o Dec

publications dealing with a variety of topics such as the valuation of ecosystem sesviges (

Daily,199%7 Cost anza, et al ., “~The value of the worl
ecosystem resiliencee(g, Ber ke s 3 et al . "Navigating soci oe
"Resilience of terrestrial e ¢ 0 saaptaldlitysapd o r Wa |
transformability i n socioecol ogi cal systemspu),
economicsé.g.Pear ced®s et al . "Bl ueprint for a green e
capital and sustainabl e devolponemdmut , pr ANamga

"Devel opment betrayedpeg, Waerkwirmargmd ftsaleti napla.ct’s
ecol ogical overshoot of the human economy, p Vi
products of photosynthesi sjFactovohoWeupuysagoakbéant
(Breheny?3s "Sustainable devel opment and ur ban
(Ostrom3®s ~ Governing the commonsyu), and politioc

di scoursepg or DryiskdvsarsEswui)lronment al
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More importantly most of the referencedisted in annex A.1 could be assigned to the
organizational framework used in secti@, although in many cases the distion between
categories wasot straightforward: seven publications mostly convey the idea of limg
natural resourcesfive publications introduce the division between means and effisgo
further and conceptualize sustainable development as a numberenfs that rast be satisfied
independently nine endorse the concept of coplexity and of adaptés cycling and eight
constitute a step towards scientific consiliensice they integrate many of the referred

approaches and cant be classified as one of them

2.6.3 Influential authors and journals

The most cited primary individual authors are North Amencg.g, Robert CostanzaHerman

Daly, C. S. HollingRobert Ayres Donella Meadows) and Englishd, David PearceMichael
Redclift Timothy O'Riordan)- see Table 2.62. Institutional authors €.g. WCED, World

Bark, European Commissioidn i t e d KDepagirdeatrof tke EnvironmenfTransport

and Rgions IPCC United Nations OECD) dominate the list of most cited referenceas
would be expected from their huge resources and numerous extensively distributed
publications: of which many are especially fit to capture the broad scope of sustainadiidy

as the World Development Repseries published by the World Bank. Some authors are
extensively cited but do not appear that much in the list of the 380 refezsenwith 10 or
more citations. Lester Browyfor instanceis cited 158 timesbut only 10% of these citations
are in that list. An extreme situation happens with OECD: none of its publications even appear
in the in the top 380. This happens when authorse arery prolific but their individual
publications get a modest number of citations. They contrast with authors such as WCED
IPCC David PearceHerman Daly Robert Costanza and Donella Meadows whose influence is

more expressive because at least some @ftlpublications are highly cited.
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Table 2.6-2: Most relevant institutional and individual authoi®he first 10 most cited institutional

authors and the 15 most cited individual primary authors in paperad ai ni ng ~sust ai
or “sustainabil i,abgtradt ar kepwordsreishawn. t hei r ti tl e
Author Background Citations In the main list * Publications

Institutional authors

WCED

World Bank

European Comnsision

U K 3Dept. Env. Trans. Regions
IPCC

United Nations

OECD

Food and Agriculture Organizatio
IUCN

World Health Organization

Individual primary authrs

PearceD. Economy
Daly, H. Economy
CostanzaR. Economy
MeadowsD.

Redclift M. Sociology
Holling C. Ecology
FearnsidgeP. Ecology
Ayres R Economy
Brown, L.

ReesW. Ecology
Solow R. Economy
WackernagelM.

Berkes F. Ecology

O3 Ri gT.dan

Norgaard R. Econany

Environ.sciences

Environmentalism

Environmentalism

Political sciences

744
616
387
371
358
325
307
282
171
158

493
416
298
205
199
196
179
167
158
153
150
147
142
140
139

100%
29%
7%
6%
84%
6%
0%
0%
73%
0%

57%
67%
65%
87%
54%
52%
14%
33%
10%
44%
62%
51%
47%
18%
60%

194
175
179
27
140
155
141
25
81

93
55
33
14
35
28
44
38
45
38
28
31
38
38
26

* Proportion of citations that are included in the list of the references with 10 or more citations.

Authors with more than 30% of their citations in that list appear shaded.

The list of the most cited journals is dominated Bgological &gomigsa specialist journal in

the field of sustainable developmefallowed byScienceNatureandWorld Developmenthich

nabl

are more generalist Tlable 2.6-3). Some of the highly cited journals have also published
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influential papersEcological Econom@siencéNorld Developmemimerican Law and Economic
Reviewand theProceedings of the National Academy of Sciencddniteth&tatesll have at

least 20% of their citations in the list of the 380 most infiti@l publications.

Table2.63: Most relevant journalsT he f i r st 20 most cited journals in
devel opmentpy or “ sust a,abstabtspt keywgrdss ci encepg in their t
Journal Citations In the main list *
Ecological Economics 1402 23%

Science 1316 22%

Nature 696 15%

World Development 591 22%
Conservation Biology 524 16%

Ambio 449 0%

Energy Policy 430 0%
Environmental Conservation 384 18%

Bioscience 362 11%
Envirormental management 334 12%

Global Environmental Change 324 12%

American Law and Economics Review 306 34%

Agriculture Ecosystems & Environment 273 0%
Proceedings of the National Academy of Sciences of the USA 272 21%

Climatic Change 261 8%
Ecologicahpplications 260 5%
Environment and Planning A 258 4%
Environment 241 0%

Futures 221 19%

Journal of Environmental Economics and Management 219 8%

* Proportion of citations that are included in the list of the references with 10 or more citations.

Pubications with more than 20% of their citations in that list appear shaded.

2.6.4 Scientific disciplines

Scientific underpinnings of sustainable development are diverse. While this multidisciplinarity is
indisputableit masks the relative contribution of the &fent fields of science. Bibliography
referenced by the sustainable development literature covers a broad range of dis¢iplines
ranging from economig¢ssociology and political science to the natural sciences. There is
nevertheless an overrepresentation etonomical (particularly ecological economical) and

ecological sciences literature. Half of the list of the 60 most influential publicatbrenfex

81



2| Policy, science and measurement of sustainability

A.1), for instance can be classified as coming from the social sciencesrcadhthe list is
multidisciplinary and 15% come from the life sciences. A comparison of the present research
with the results ofMa & Stern (2006and Costanza, et al. (2004hows that the dominance of
economics in their lists an@donsequentlythe uniformity of the topics coveredgre even more
pronounced.In spite ofthe predominance of economics the publications shown iannex
A.], the listit remarkably multidisciplinary.

The list of the most influential authors and journals presentetidble2.6-2 andTable2.6-3 is
also dominated by economy (authors: David Pe&terman Daly Robert Costanza; journals:
Ecological Economfamerican Law and Economics Reéaamal of Envimaental Economics and
Managemehtand ecology (authors: Crawford Hollin@hilip FearnsideWilliam Rees Fikret
Berkes; journalsNature Conservation Biologgnbig Environmental Conservatiénsmaller but
still significant contribution comes from dotogy, political sciences and planning (authors:
Michael RedcliffT i mot hy O3 Ri oMortdd@avelopetmvironmdntsand Planning A
Futures

Figure2.6-3, instead of analyzing the bibliography cited by s$hstainability literaturelooks
into that literature itself. Each paper was classified into one main branch of science or as
multidisciplinary. Aside from the yearly fluctuatipitsis possible to discern a downward
tendency for the social sciencedthough- as for the latest availabfgeriod, 2001: 2005 they

still represent as much as/% of all the papers publishea proportion just below to that of
life sciences and multidisciplinary papers. Togettiese three fields account for 70% of the
sushinability literature recorded by the Web of Sciend8I( 2008 Another goup of scientific
disciplines includethe earth sciencesphysical sciencesind technology. Their proportions
range from 5 to 16%jointly representing 30% of all the papers. The relative contribution of
multidisciplinary papers is increasing signifigasince 2001while that of the earth sciences is
decreasing.

25%

20%
1991-1995
1996-2000
15% ®2001-2005
10% +
N I I
0%

Social sciences Life sciences Muttidisciplinary Physical sciences Earth sciences Technology

Figure2.6-3: Evolution of relative contribution of different scientific fields in the sustainable development
literature (1990 2005). Sourceown work based oriSI (2008)
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2.7 Sustainability indicators

2.7.1 Introduction

The use of sustainability indicators is extremely common and essential for most sustainability
approaches. For i nstance, a search in the 118
Indicator Initiatives(lISD, 2009 yielded as much as 841 resultadicatorsare quantitative
measures designed to assess progress towar away from a stated goaMpldan & Dahl,

2007; Parris & Kates, 2003arhey are, however, proxies, or indirect measures of the true
condition that is being studied, which means that no ideal indicators tHgtdntompass all

the desired qualities existCpbb, 2001; Meadows, 19B8Indicators can also be important
instruments to meaure the performance of a systerM¢Cool & Stankey, 2004to enable a
community to identify its values and priorities, and to engage people iewach those goals
(Portney, 2003 and to establish routines and guarantee that data concerning relevant issues is
gathered and analyzeléadows, 1998 Accordirg to Parris, much of the literature in the field
adopts the old axiom ~what gets measured, get s
well: what is not measured, is not managed. A less obvious corollary of these propositions is
that the selection of idicators also influences the way society perceives sustainability
problems. The role of indicators as tools for awareness raising (particularly that of politicians),
and capable of triggering responses when they are needed should not be disrvssabys,

1998. In spite of this,Cobb (2001)and Portney (2003)suggest that there is no systematic
evidence that indicator projects contribute to the path towards sustainability, and that
indicators are seldom used even when they are developed.

Parris & Kates (2003a)istinguished indicators from driving forces. However, their proposals
have not been followed in practice, in part because technically a variable may act a driving
force insome situations and an indicator in others. Education, for instance, is a driving force in
the sense that it influences the progress towards many desired goals, but may also become an
indicator if specific educational targets are set. Therefore, someus@nf will probably remain

which can only be resolved case wise. The distinction between indicators, goals and targets is
more clearcut and should be systematically followed as a useful reference lexjoalsare

broad but specific qualitative statemsrgbout objectives chosen from the major categories of
what to sustain and what to develop (€figure2.4-6), whereastargetsuse indicators to make

goals specific with endpoints and timetables Teble 2.3-2 for some of the most important
targets pertaining sustaining development). Targets may be used as benchmarks in the

calculation of distane®-target indicators.
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2.7.2 Selecting indicators

Literature is full of recommendations abbhow to select indicators. The most coherent and

complete set of criteria developed so far is probably thecatiedBellagio principl@hey serve

as guidelines for the whole assessment process including the choice and design of indicators,

their interpretation and communication of resultblérdi & Zdan, 199¥ AnnexA.3 presents a

compilation of those principles. According to the most commonly referred criteria (seg,

Bell, 2001Bohringer & Jochem, 2007; Bossel, 1999; Button, 2002; Dodds, 1995; Karlsson, et

al., 2007; Meadows, 1998; Moldan & Dahl, 2007; Pintér, Hardi, & Bartelmus, 2005; Segnestam,

2002 - and in addition to the general questions mentioned in the beginning ofégigon -

the selection of indicators:

e must have direct relevance to its objectives (indicators must capture the essential
characteristics of the system and show a scientifically verifiable trajectory of maintenance
or improvement in system functions);

e mustbe legitimate in the eyes of users and stakeholders, and salient or relevant to decision
makers (this requires that indicators can be effectively communicated to their target
audience);

e mustbe scientifically sound (the calculation method must be sdiealty rigor, valid and
transparent so that computations can be verified and performed whenever necessary by
another party);

e shouldbe based on a theoretical framework (indicators should be related with some
underlying philosophical understanding of homeltbeing and sustainable development;
see alsdasgupta, 20Q1p. 178);

¢ shouldbe included only when data collection is guaranteed according to technical and
budgetary constrains;

e shouldbe comparable with policy targets, scientific benchmarks or thresholds (the
comparison of indidar values with some other reference is essential for their
interpretation);

e would preferablindicate the timely approximation of turning points or thresholds (if
possible, indicators should function as early warnings of problems ahead);

e should, wheneveossiblepe quantifiable (to avoid unnecessary subjectivity, indicators

should preferably be quantifiable according to scientific sound methodologies).

Robért, et al. (1997)and Ness, UrbelPiirsalu, Anderberg, & Olsson (200@)ention more
general criteria that could be used to judge the quality of sustainability methods and tobls
which indicators are m example. Relevant questions include: (a) is the model based on a

scientifically acceptable conception of the world? (b) does the model contain a scientifically
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supportable definition of sustainability? (c) does the model integrate nature and socieiy? (d)
the model applicable at different scales, (e) does the model address both the amdrt
longterm perspectives? (f) does the model provides interpretable and transparent results?
Several authors stress the need to complement expert based approachés twonstruction

of indicators with participation processes. Not only are community driven indicators often
simpler and cheaper than those proposed by expeRedd, Fraser, Morse, & Dougill, 2005
they also propitiate the fundamental debatevabpriorities for decisioamaking and about the
trade-offs between conflicting policie®¢rtney, 2003 By systematically involving people and
the different actors of society, public participation is able, if carried out ethically and correctly,
to ensure the legitimacy of the indicator selection process. Unfortunately, there are very few
examples where countries or institutions have provided a full dethiled documentation of
how they have elaborated and selected their indicatadsir{t United Nations Economic
Commission for Europe/OECD/Eurostat Working Group on Statistics for Sustainable
Development, 2008

In spite of all ecommendations, researcheagree onattestingt h a t |, to dat e, “no in
are universally accepted, backed by compelling theory, rigorous [in] data collection and
anal ysis, and Panif & Kaes 2003p! 559).FarriploKatesc(30QBbNRC
(1999) and Pintér, et al. (2005%5uggest that the influence of indicators is hindereddjthe
ambiguity of sustainable developmghi; the lack of agreement on what to develop, what to
sustain, and for how long; anft) the confusbn of terminology, data, and methods of
measurement. These reasons probably explain as well why so many indicators sets have been
assembled but none widely implementedlo{dan & Dahl, 2007 Table 2.7-1 provides a
stateof-the-art in the devéopment of indicators as to their capacity to meet selection criteria
and other conceptual challengdsaflsson, et al., 20071t is noteworthy that indicators ready

for implementation are not available for a number of important sustainabginggs
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Table2.7-1: Stage of development in indicators in meeting conceptual challenges. S¢anisson, et

al., 2007
Sustainabilicy Process and Universality
Challenge Srage of Development Challenge Srage of Development
Measuring sustamability In general I MNorth—South issues For strengths of countrics 1
and sustainable Some indicators I Far Northern 11
development capturing some development bias
components of
sustainability
Biodiversity indicators 111 For indicator definitions 111
Frameworks 11 Country comparability 11
Linkages between pillars Economy=environment Cultural diversity International |
linkage 111
Social-environment Mational {some countries) n
linkage [
Tempaoral and spatial scales In general terms I Equity Envirenmental equity I
In individual cases 111 Social and institutional equity 11
Economic equity 111
Strong-weak sustainability Where applicable I Demaocracy [I=111
Planevary limics | Acceprabiliry 1
Wlnerability—resilience Environmenral systems 11
Social and economic I
SYALEmS
Trreversibility 1

Nate: The stages of indicater development are clasified as fallows: 1, research stages 1, in development, some progress mades 11, ready for implementation,

2.7.3 Indicator frameworks

Indicators can be classified into different groups adow to specific andonoverlapping
criteria. The first distinction that could be made is between indicators that are derived from a
solid conceptual framework and indicators that are selected by other methods (usually less
theory related or evenadhod. Examples of conceptual frameworks include the capital
approach, the pressurstater e s p o n s e , pyrdhadfcl seetion2.4 and more complex
accounting systems such as the Integrated Environmental and Econoouanding (SEEA).
Indicator sets not adhering to one of these frameworks (explicitly or implicitly) are usually
arranged pragmatically into domains, themes or specific issues. With respect to the target
audience and the method of selection, indicators baradopted by politicians to monitor the
progress toward policy goals; can be adopted by scientists to access trends and conditions
associated with relevant stocks and processes; or can be adopted by the putbliough
participation processes usually b address relevant topics at the local or regional scales. Most
often, however, one indicator can serve multiple target groups or be adapted so that it can fit
the expectations of them (that is, | think there is no need to develop different indicator sets
for scientists, politicians and citizens, because that would probably create a number of
difficulties and solve no problems). In addition, indicators sets are-depkendent, although

one challenge is precisely the development of indicators that are tabéslapt to different

scales and places.
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Pressurstateresponse

OECD developed in 1993 one of the most widely known sustainable development indicator
frameworks: the pressurstateresponse. This model was later extended by EEA in 1995 to
form the driving force-pressurestateimpactresponse (DPSIR) frameworkGébrielsen &

Bosch, 2003Figure2.7-1). Both models remain in use today by their founding organizations.
The meaning of each model component is as follodiiving forceslescribe the social,
demographic, and economic developrhém societies and the corresponding lifestyles and
overall levels of consumption and production patterpsessurendicators describe rates or
amounts of release of substances, physical and biological agents, the use of resources, and the
use of landstate indicators give a description of the quantity and quality of physical, biological
and chemical phenomena in a certain ameguactndicators are used to describe the relevance

of changes in the state of the environmergsponséndicators refer to responses by groups

and individuals in society and government attempts to prevent, compensate, ameliorate, or
adapt to changes in the state of the environmeS8tanners, et al., 2007The whole DPSIR

model thus reflects a causality chain from the root causes of a problem (or the indirect drivers

of change, in the terminology of th®lEA, 200%, which result in proximate causes (or the
direct drivers), which affects the environmen:

demand responses.

Driving
forces

e.g. policies
and targets

E.g. causes

Responses

Pressures

e.g. pollutants

e.g. health,

ecosystems,
materials

e.g. quality

Figure2.7-1: The DPSIR framework foreporting on environmentailssues. Sourcé&abrielsen & Bosch,
2003

The model is appealing but has been considered overly simpB#i; Q00). Specifically, |
would add that the DPSIR model fits well the exgaton of concrete problemissues, but its
systemic representation of sustainable development is far less elegant because causes and

consequences frequently change positions through complex relationships. Moreover, most of
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the constitutive components of stainable development are relegate by DPSIR to the category
of driving force, which is in direct contradiction with the theses efy. Sen (1999/2003and
Dasgupta (2001)

Capital approaches

Capital approaches to sustainability indicators stem from the interpretation of sustainable
development as the maintenance of wealth through tinBasgupta, 2001 The model
attempts to calculate national wealth as a function of different stocks and flows of capital,
including not only finanai capital and produced capital goods, but also natural, human, social,
and institutional capital. This requires that all forms of capital be expressed in common units
(usually monetary)United Nations - Department of Economic and Social Affairs, 2Q00Tae
simplicity of aggregating different domains into a single measure goes against the beliefs of
ecological economics and finds strong opposition from many scientsts Daly, 1996;
Dasgupta, 2001; Munda, 20Q08f. section 2.4. The Joint United Nations Economic
Commission for Europe/OECD/Eurostat Working Group on Statistics for Sustainable
Development has therefore recommended that a practical set of cdpetséd indicators
should include monetary inchtors for those stocks that can be meaningfully valued using
existing data and methods, and other indicators for those capital stocks that cannot or should
not be valued Joint United Nations Economic Commission for Europe/OECDdEiat

Working Group on Statistics for Sustainable Development, 2008

Accounting frameworks for societal metabolism

Nineteenthcentury biology describednetabolismas an exchange of matter between an

organism and its environment; for Marx and Engel,dtvcept also meant a material exchange

between humans and nature but implied their mutual interdependence as well. In the words of
FischerKowalski & Weisz (1999, p. 226) met abol i sm as applied to soc
completelyal i en to the traditions of soci al theory.
more entrenched in the biological than in the sociological perspective, even if several
philosophical lessons can be drawn. Metabolism has ramifications into a variety offidld

methods such as industrial ecology and life cycle assessments. The expragséon
metabolisicoined in 1965 by the scientist Abel Wolman, has been used to refer to the sum

total of the technical andociceconomic processes that occur in cities,stdting in growth,

production of energy, and elimination of wastéefinedy, Cuddihy, & Engéan, 200Y). The

basic rationale is to consider a city as a highly complex dissipative structure which, in order to

maintan its characteristics, requires the influx of materials and energy. The framework goes

well beyond this simplistic view and accounts for the interrelation between stocks and flows of

information, knowledge, money, products, and waststinans, van Asselt, & Vellinga, 2000
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Newman (1999)proposed the inclusion of the Bability and sociability of urban areas in
addition to the physical and biological processes already captured by the basiboissh

model.Rotmans, et al. (200@nd Ravetz (2000bproposed similar frameworks, the latter also
clearly irspired in the DPSIR structuré-igure2.7-2).
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LOCAL RESPONSES & ACTIONS:
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Figure2.7-2: The extended metabolism model (top) and the integrated assessment framework (bottom).
SourceNewman, 199qtop) andRotmans, et al., 200Qbottom).

The bottom line is that both models attempt to extend the basic metabolic considerations to
provide an integrated assessment of cities. However, it is not clear that the framework is able
to deal with and to unveil the complexi nks bet ween system3s process.
integrated assessments.
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A deeper effort towards integrated environmental and economic assessments is provided by
systematic accounting frameworks. After 30 years since the material and energy flow
accounting first appeared, a harmonized system of environmental and economic accounting is
at last taking its place and will become an international statistical standard by 2010 if the
deadlinesare met United Nations- Statistics Division, 2009

Material flow and energy accounting canisps various descriptive and analytical tools to

understand the functioning of the physical basis of societies, the interlinkages of processes and

product chains, and the exchange of materials and energy with the environment in order to
understand the irgraction of human activities and the environmehto{l, Bringezu, & Schiitz,

2005. Material flow and energy accounting treasciceconomic processes as biophysical

processes that can be regarded as a compartment oftilesphere and hence is compatible

with the pre-analytic vision of ecological economics (cf. secof). Material inputs into the
economy consist primarily of extracted raw materials and produced biomass thanesed

the economic system, whereas material outputs consist primarily of emissions to air and

water, wastes deposited in landfills and dissipative uses of matétiaiss{at, 200L Several

indicators can be derived from the accounting framework. They are usuaitiediinto three
groups Hinterberger, Giljum, & Hammer, 23; see alsd-igure2.7-3):

e input indicatorsdirect material inpabmprises all materials which have economic value and
are directly used in production and consumption activitiesal material inp@quals direct
material input plus the unused domestic extractitwtal material requirementludes total
material input and the indirect flows associated to the imports of an economy;

e output indicators:domestic processed ougmtals the outputs to nature plus autflows
of used materials from domestic or foreign origitgtal domestic outpuincludes, in
addition to the domestic processed output, the unused domestic extraction;

e consumption indicatorsdomestic material consumptioeasures the total quantity of
materials used within an economy excluding indirect flows. Domestic material
consumption is calculated by subtracting exports from direct material input; total material
consumption includes, in addition to domestic material consumption, the indirect flows
associated to imports and exports. These flows are generally not available from official

sources and must be estimated.
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Domestic Environment
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Figure2.7-3: Indicators used in economyide material and energy flow accounting. RMotal material
requirement; DMI: direct material input; NAS: net addition to stocks; DPO: domestic processes output;
TDO: total domestic output. SourcaNikipedia, 2009b

More recently, the United Nations, the European Commission, the International Monetary
Fund, OECD and the World Bank have jointly published the 2003 version of SEEA. SEEA 2003
is a step towards theéharmonization of concepts and methods in environmertanomic
accounting. Four categories of accounts are included: physical data relating to flows of
materials and energy; expenditures relevant to the good management of the environment;
environmental ssets measured in physical and monetary terms; and adjustments to existing
system of national accounts to correct for the impact of the economy on the environment
(United Nations, European Commission, Internatiokldnetary Fund, OECD, & World Bank,
2003.

Both material flow and energy accounting and SEEA frameworks appear to have the rigor that
many indicator sets are short of, but they are still mainly concerned with the environmental
dimension of sustainabilitynd thus need to be complemented with other of indicators.
Moreover, the link between indicators derived from both accounting frameworks and the
environmental consequences of material, energy and monetary flows is not yet well
understood, which precludes ¢h possibility of drawing poliemaking recommendations
(Eurostat, 2001; Hinterberger, et al., 2003ethodologies are being refined to account for

flows presently not captured or whose estimation is complex.

2.7.4 Indicator sets

Progress has been made in the last years with some indicator sets that seem to be slowly
gaining acceptance, even if their geographical scope or target audience is limited. §the mo

widely applied indicators sets are those developed by international organizations. The United
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Nations Commission on Sustainable Development has issued its third revision of sustainability
indicators, now composed by a core set of 50 indicators andgelaset of 96 (United Nations

- Department of Economic and Social Affairs, 2007he United Nations Millennium
Development Goals have associated a set of 60 indicators to measure progressifoiiose

objectives United Naions - Statistics Division, 2009the Joint United Nations Economic
Commission for Europe/OECD/Eurostat Working Group on Statistics for Sustainable
Development has published a report to assist national governments and international
organizations in thelesign of their own indicator sets and proposed a capital based indicator

set made up by 15 stock and 15 flow indicators to be used in future cotintgountry

comparisons Joint United Nations Economic Commission for Europe/OEEDbstat

Working Group on Statistics for Sustainable Development, 2G@@Table2.7-2); the Global
Reporting Initiatived3s framework has been used
economic (nine indicators), environmeit (30 indicators), and social performances (14
indicators) Global Reporting Initiative, 20D6Eurostat hasdopted in 2007 a reviewed set of

indicators arranged in a multilevel framework to support the European Union sustainable
development strategy: 11 headline indicators (level 1), 33 general policy performance
indicators (level 2), 78 detailed policy effiety indicators (level 3) and 11 contextual

indicators European Commission, R@); still at the European level, the Commission maintains

since 2003 theJrban Audita project that provides about 300 urban statistics for 321 cities (at

three geographical levels) and across 27 countries. Although focused on specific sustainability
domai ns or i ssues, two initiatives are worth me]
i ndicator s, which aid in the annual writing of
(UNEP, 200¥%. and the Transport and Environmental Reporting Mechanism, a set of 40
indicators initiated in 2000 for the 32 EEA member countries which links transports, climate

change and other impact cateigs relevant for policyEEA, 2009
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Table 2.7-2: Set of capitabased sustainable development indicators proposed by the Obiited
Nations Economic Commission for Europe/OECD/Eurostat Working Group on Statistics for Sustainable

Development. Source: idem, 2008.

Stock indicators Flow indicators

Monetary indicators

Realper capitaeconomic wealth Realper capitayenuine eonomic savings

Realper capitanet foreign financial asset holdin¢ Realper capitanvestment in foreign financial assets

Realper capitgproduced capital Realper capitanet investment in produced capital

Realper capitdauman capital Realpercapitanet investment in human capital

Realper capitanatural capital Realper capitanet depletion of natural capital

Realper capitaocial capital (place holder) Realper capitanet investment in social capital (place holder)

Physical indicatsr

Temperature deviations from normal Greenhouse gas emissions

temperatures

Ground-level ozone and fine particulate Smogforming pollutant emissions

concentrations

Quality-adjusted water availability Nutrient loadings to water bodies

Fragmentatio of natural habitats Conversion of natural habitats to other uses
Percentage of the population with pest Enrolment in possecondary educational institutions

secondary education
Healthadjusted life expectancy Changes in aggpecific mortality andnorbidity (place holder)
Membership in local associations and network: Change in membership in local associations and networks

Trust and adherence to norms Flow indicators of trust/adherence to norms and collective
action (place holder)

International organizations are also the most common holders of data used in the preparation

of periodical reports about sustainable development and human-be&ly. The UNDP
publishes annually their "Human Devel opment Re
cowering the various aspects of the subject (United Nations Developn®eogram[UNDP],

2007); similarly, the World Bank monitors and analyzes about 800 indicators to prepare the

"Worl d Devel opWoldBankREGY, dhe Werldwatth Institute assembles 30

sustainability trends in five categories which
Worl dpy reports; WR1 3 s sHlata abbut moreetran 600 ypadablésa | gat
covering 220 countriesWRI, 2009 whi ch ar e used in the prepa
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Resour ces udtheeUpied Nasons Hahitat manages a database containing several
urban devel opment i ndicators which aids in the
Gl obal Report on Human Settl|l ementUsitedNatioms ~ The St
Center for Human Settlements, 200Lb

At a national level, the efforts of the United Kingdom, Germany, Sweden, and Belgium must be

given credit, as all of them pioneered the efforts of establishing indicator setel®nd of the

nineties (Joint United Nations Economic Commission for Europe/OECD/Eurostat Working

Group on Statistics for Sustainable Development, 200&e latest revision of the United
Kingdom3s set i s f elactedetd sudgportingstiBe mionitatingt reatiomak s s
sustainable development policidgnfted Kingdom Department for Environment, 2008 ore

recently, other countries have also built their own indicator suitewhich are often linked to

the respective national sustainable development strategies. In Portugal, the practice of
environment reporting is already established. Since 1999, the Portuguese Environmental
Agency has been publishing yearly environmental assessments. The next stepbaillypbe

the merging of these routine reports with the 2007 version of the National System of
Sustainable Development Indicators to produce sustainability assessments. The Portuguese set

is composed by 118 indicators, 30 of which are classified as Ag§n€ia Portuguesa do

Ambiente, Marcelino, Espada, & Vildo, 2007

There are in addition several local sustainable development indicator initiativesmdse

commonly referred places are in the United States: the Sustainable Seattle Project, the Willapa

Bay Indicators, the Hamiltewe nt wor t h3 s Communi ty Il ndi cator P
Benchmarks ProjectRoseland, 2005 Outside the Unites States, the efforts carried out in

Sydney NMewman, 200§ Leicester, BirminghamBéatley, 2000 Melbourne, Toronto,

Vancouver and Barcelond$D, 2009 are worth mentioning. In Portugal data is lacking, but

continuous indicator projects seem to be very rare. From the interviews caroedwith 82

heads of municipality in 2003/2008chmidt, Nave, & Guerra (2006kceived only eight

answers that might indicate such casesnore precisely, municipalities involved M21

processes that reported being in the implementation, monitoring or reviewing phases. In 2002,

Quental & Silva2003 sent a questionnaire to all Portuguese municipalities and yielded a

worse result: none of th&0 respondents was monitoring theltA21 or environmental plans.

Although in both cases no questions specifically directed to indicators were asked, results are
suggestive of the lack of importance given to the regular and transparent monitoring of
sustainad devel opment . The project ~“Eco XXl ,u coor
Europa, seems promising in changing that situation. A set of 23 local level sustainability
indicators were developed and applied in 2008/2009 to the 43 municipalities that hav

voluntarily enrolled in the projectAssociacado Bandeivszul da Europa, 20Q9But the project

94



2.7| Sustainability indicators 2.7.5| Composite indices

has still to gain wider public and media attention before it can turn into a sustainability
assessment tool capable of stimulating a healthy competition among municipalities. | have
coordinated an ambitious collectioof indicators for the Metropolitan Area of Portin 2005
(Quental, 200% on behdf of the strategic planning procesauturo Sustentavdhe report
incorporates a wide variety of longitudinal information at the municipal level axiijcaxhlly,

foreign data when the comparability of indicators was ensured. Since then, however, no

updates have been released.

2.7.5 Composite indices

Research on composite indices is one of the most active in the indicators community.
Literature distinguishes diween aggregated indicat@omposite indicatand index but the
distinctions are not particularly useful and may be misleading. For simplicity, theaenposite

index was preferred to designate indicators that combine two or more components
(sometimes of very different nature) into a single score. Development of composite indices is
requested on the grounds of improved data meaningfulness and of better communication
capabilities Bauler, et al., 20Q7 but the task is fraught with conceptual and technical
difficulties.

Conceptual difficulties stem from the irreducible character of sustainable development (cf.
section 2.4), which should in principle refrain scientists from looking for a magic number
capable of aggregating all the different sustainability domains. When sustainability indices are
developed, and contrary to the recommendations put forward before, seltioey are backed

up by a compelling theory about what should be measured and Bbjar{nger & Jochem,
2007; Graymore, Sipe, & Rickson, 2008; Parris & Kates, 200Bht is, composites become in
these situations a ixture of indicators with a variable level of discretion.

Technical difficulties arise when different issues (measured on different units) need to be
converted to a common unit (which is calletbrmalizatignso that they can be aggregated.
However, technial difficulties may just be the result of a conceptual dysfunction. Because
sustainability encompasses social, environmental, economic and institutional issues, a common
and obvious measuring scale is not available. A frequent choice is the use of mamétay

but valuation methods are still highly subjective and cannot properly attach a value to several
sustainability domaing.g. Munda, 2008 Normalization is facilitated when composite indices
have very specific objectives and when the process follows scientifically valid methods. The
global warming potential and the ozone depletion potential, for instameetva indices that
effectively aggregate information concerning the relative impact of several molecules;
eco-indicator 99, although still suffering from several methodological deficiencies, converts the

impacts caused by products over their life cycl®ia common unit called mifpoint (Ministry

95



2| Policy, science and measurement of sustainability

of Housing Spatial Planning and the Environment, 2000). Without an underlying theory it
becomes quite difficult, if not impossible (as Arraw proved in his impossibility theorem; cf.
OECD, 2008, to construct indices with a perfect aggregation method. In addiidmou, Ang,

& Poh (2006)and Béhringer & Jochem (200®laimed that the most correct aggregation
method - the geometric mean of indicator values is seldom used in favor of simple
arithmetic means. Becausef these difficulties, OECD published a guide to aid in the
development of composite indicators. Several methods, including statistical procedures such as
factor analysis, were explained and compared so that an informed choice can be®&scB,(
2008. Graymore, et al., 2008referred about the lack of transpancy in the calculation
methods of many composite indices, which should be a basic requirement. After preparing
Table2.7-3, which presents some of the most widely used composite indicators that deal with
sustainabily issues| have to agree with Graymore.

There are many other indices besides the one indicate@iable2.7-3. They include theyoss
nationahappinesgbased on the subjective wddking of individuals), thBow Jonesistainabiiy

index (tracks the performance of sustainabiddyiven companies), théndex ofsocialhealth
(monitors the social welbeing of American society), thaty powerindex(seeks to capture the
relative weight of cities within national governance systethg)sustainableitiesindex(applied

only once in selected United Kingdom citief)e urbangovernancadex(a tool to measure
progress in achieving good urban governahd@fed Nations Center for Human Settlements,
2009, and thecommitment taevelopmenindex(rates 22 rich countries on how much they

help poor countries build prosperity, good governance, and security).
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Table2.7-3: Some of the most common or promising composite indicators thesl with sustainable development.

Index and similar *

Characteristics $

Description

Strengths and criticisms

Sustainable development

Well-being Index (2001)

Takingsustainablecities

seriouslyindex (2003)

(a) Capabilities

(b) Strong cormensurability

(c) Elements, indicators and indices are combir
according to a complicated hierarchical proces:
in each step, normalization is carried out by
transforming indicator scales into barometer
scales which are based on performance criterie

weighting methods are highly variable

(a) Not applicable

(b) Weak commensurability

(c) Indicators (the sustainability programs unde
consideration) are equally weighted; the final
score is given by summing up all sustainability

programs practiceéh each city.

The well-being index is the graphical intersection of
two subrindices: the human wellbeing index (a
composite of 36 indicators of health, population,
wealth, education, communication, freedom, peace
crime, and equity) anthe ecosystem wellbeing inde
(a composite of 51 indicators of land health,
protected areas, water quality, water supply, globa
atmosphere, air quality, species diversity, energy u
and resource pressuresiHék, Moldan, & Dahl,
2007). PrescottAllen (2001) who developed the
indices instructed byUCN, published an extensive
assessment of 180 countries.

The index measures the extent to which cities seel
to take sustainability seriously. The analysis focuse
on the policies, programs, and activities of cities th
would seem to be consistent with an overall effort
for cities to become more sstainable. The index is
calculated from data regarding 34 of those progran
(Portney, 2003

Because each indicator is also published as-fnsardly
maps and diagrams (including thecsdiedeggs of well
being, information is preserved during the complicated
aggregation method if theser is careful enough to consul
the range of data availablel¢ldan & Dahl, 2007
Aggregation uses several techniques (unweighted avere
weighted averages, and vetoes) which could be
controversial (UNDSD, 2001). The specific methods
chosen in each case lack a strong theoretical justificatio

The index has a clear and specific goal and the calculati
method fits the intention. Improvements in the weighting
scheme and in the scaling of each indicator value would
beneficial.
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Table2.7-3 (continued)

Index and similar * Characteristics ® Description Strengths and criticisms

Greened GNP

Index ofsustainable (a) Utilitarian ISEW is focused on improving tiggoss domestic Could replace the GDP as the main economic indicator.
economicwelfare (1989) (b) Weak commensurability product and accounting for some of the externalitie Valuation methods are not standardized yet and enougf
SimilarSustainableational (c) Terms are monetarized, given equal weight it does not consider (UNDSD, 2001). The starting data to calculate environmental degradation costs is yst
income (1991)genuine and summed point is the inflatioradjusted consumption of l acking. | SEW3s t heoralici, c
progressindicator (1995); households. Consumption is adjusted by five 2007 Gasparatos, Hflaram, & Homer, 2008. | f
sustainablesocialnet national categories to obtain an index which is more were a cigarette, then ISEW would be that cigarette witF

product (1996);
environmentallyadjusted
domesticproduct (1998)

appropriate for measuring social welfare: distributic ¢ h a r ¢ o aDaly,fl996pt %) p (
of income, economic activities not counted in the

conventional gross national income, time

adjustments, damage caused by economic activity

and the consideration of net capital endowment of

foreign investes (Bohringer & Jochem, 2007
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Table2.7-3 (continued)

Index and similar *

Characteristics §

Description

Strengths and criticisms

Genuine savings or genuine

investments (1993)

(a) Utilitarian
(b) Weak commensurability
(c) Terms are monetarized, given equal weight

and summed

Genuine savings aim to represent the value of the
net change in the whole range of assets that are
important for development: produced assets, natur
resources, envonmental quality, human resources,
and foreign assets. The extend standard national
accounts calculations by deducting the value of
depletion of natural resources, deducting pollution
damages, treating current expenditure on educatio
as saving rather #n as consumption, deducting net
foreign borrowing and add net official transfers, an
deducting the value of resource depletideverett &
Wilks, 1999. Savings must be greater than
depreciation on all assets for an economy to qualif
as potentially sustainable. Savings minus deprecia

equal genuine savinge@rce, 2002

It is difficult to uniquely determine all of the ways in whic
capital contributes to welbeing. Those that cannot be
identified cannobe valued. Even for those contributions
that can be identified, it is sometimes difficult to translate
their value into dollarsJoint United Nations Economic
Commission for Europe/OECD/Eurostat Working Group
on Statistics for Suginable Development, 2008
Controlling for the effect of population growth is needed
in order to correctly interpret the indicator Dasgupta,
2007).
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Table2.7-3 (continued)

Index and similar * Characteristics ® Description Strengths and criticisms
Human development
Human development index (&) Capabilities HDI is reported annually as part of the Human HDI has been gaining worldwide acceptance and notori

(1990)

City developmentndex
(2001)

(b) Weak commensurability

(c) Each indicator is calculated for the country

Xi—Xmi
as——=— wherex,,,, andx,,;, are goalposts

Xmax—Xmin
determined by the UNDP; sulmdices are then

averaged

(a) Capabilites
(b) Weak commensurability
(c) Each indicator is calculated for the citgs

LiEmin_ \whereX,,g, andx,,, are goalposts

Xmax~Xmin

determined by the United Nations Center for
Human Settlements; stihdices can be
arithmetic means of their constituting indicators
or, alternatively, weigts can be obtained by

principal components analysis

Developmeit Reports. HDI is a composite of two ~ The index would e strengthened if some measure of
indicators and one sulmdex: life expectancy, the income distribution Cobb, 200) and public participation
education index (which relies on two indicators), ar (Dasgupta, 20Qlwere included in the calculation. It does
GNP Bohringer & Jochem, 20R7Each indicator not serve as an indicator of sustainable development
represerns the distance between the level of because neglects environment issu2aggupta, 2007;
attainment in a country and the target lev€ldbb, Moldan & Dahl, 2007

2001). Countries with a HDI higher than 0,8 belong

to the high human development group, between 0,

and 0,8, countries belong to the medium human

development group, and below 0,5 countries are

considered in the low hunmadevelopment group

(Hak, et al., 2007

The CDI was developed as a prototype for Habitat The five indices measure relevant aspects but other
to rank cities according to their level of developmel important issues are left out (UNDSD (2001).
(United Nations Center for Human Settlements, Environmental considerations are only superficially
2001b). It consists of five sulmdices: an considered. Tie CDI correlates strongly with th&lDlI if
infrastructure index, a waste index, a health index, both are applied at the same level.

education index, and a city product index. Each-su

index is a composite of a variable number of

indicators. Indicators are normalized on a distance

to-targetbasis. Bohringer & Jochem, 207
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Table2.7-3 (continued)

Index and similar *

Characteristics §

Description

Strengths and criticisms

Creativity index (2002)

Freedom in the world (1972)

(a) Capabilites
(b) Weak commensurability

(c) Terms are averaged

(a) Capabililes

(b) Weak commensurability

(c) The scores obtained for political rights and
civil liberties are averaged and determine the
overall country?3®s sta

not free

The Creativity Index is a composite indicator used
by the economist Richard Florida tlescribe how
members of the secalledcreative classe attracted
to a city. The index combines four elements: the
share of the workforce classified as creative,
innovation, high tech industrgnd diversity
(measured by theayindex, a reasonable prgxor
an area3 s openness). Fl
index, cities can be rated and ranked in terms of

innovative high tech center&lprida, 200

Individual countries are evaluated based on a

checklist of 10 questionsn political rights and 15

Some researchers have fodino relationship between the
creativity index and measures such as economic growth
Other researchers point out that creativity is the result o
fundamental characteristics that are present in dynamic
cities.

Freedom in the world has been published and widely
publicized yearly for 192 countries and 14 territories by

civil liberties that are derived in large measure fron the organizatiorFreedom HousRatings have some degre

the Universal Declaration of Human Rights. Each

of subjectiveness. Methodological changes warn agains

country is assigned a rating for political rights and i temporal comparisons.

rating for civil liberties based on a scale of 1 to 7,
with 1 represering the highest and 7 the lowest
level of freedomlak, et al., 200).

® Wikipedia, 2009a
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Table2.7-3 (continued)

Index and similar *

Characteristics §

Description

Strengths and criticisms

Environmental

Ecologicafootprint (1992)
SimilarHumanappropriation
of net primary productivity
(1986);environmentalspace
(1992);water footprint
(2002)

(a) Not applicable

(b) Strong commensurability

(c) Each impact category is either ditky
assigned to a bioproductive area type or
converted to one according to scientific
standards; all terms are in area units (usually h
and can be easily summag to yield the total

footprint

Ecologicafootprint accounts act as balance sheets
docunenting for a given population the area of
biologically productive land and sea required to
produce the renewable resources this population
consumes and assimilate the waste it generates, u
prevailing technology. Human impacts are estimate
from officid statistics as six main bioproductive are:
types: cropland, grazing land, forest, fishing grount
built-up land and energy land. The resulting
Ecologicafootprint can be compared with the
available bioproductive land to conclude about the
level of envirmmental sustainability\(ackernagel,
Kitzes, Moran, Goldfinger, & Thomas, 2006

Ecologicafootprint has achieved the highest popularity
among environmntal indicators, partially because of its
intuitive results. WWF has been publishing country
estimates biennially sinc
Repor t s . pootBrinthésdepn seerdely criticized
ever since it was created. Researchers bagd ttriticism
in the calculation method
scientific validityGraymore, et al., 2008; Moldan & Dahl,
2007; Munda, 2006; van den Bergh & Verbruggen,)199¢
the loss of information durinthe aggregation process
(Graymore, et al., 2008; Moldan & Dahl, 2pQfe poor
adequacy for regional scale assessmdataymore, et al.,
2008; Lewis & Brabec, 2005; Zu@gal, 200} the fact that
land use is regarded to be associated with single impact
categories{an den Bergh & Verbruggen, 199%e
incidence only on the environmental pillar of sustainabili
(Moldan & Dahl, 2007; UNDSD, 20Q4&and the irrelevance
for policy-making Newman, 200%
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Table2.7-3 (continued)

Index and similar *

Characteristics §

Description

Strengths and criticisms

Living panetindex (1997)

Environmentaperformance
index (2002)
SimilarEnvironmental
sustainabilityndex (1999)

(a) Not applicable

(b) Weak commensurability

(c) Each sulindex is constructed by averaging it fish from around the globe. LPI is the aggregate of ~

popul ation3?®s annual r
a hierarchy of several lowdevel indices; each o
these individual component indices was set at
100 in 1970; suindices are gradually averaged
until the final index is achieved

(a) Not applicable
(b) Weak commensurability
(c) Each indicator is calculated for the country

as—Emin_ \wherex,,,, andx,;, are targets

Xmax~Xmin
determined according to scientific literature,
experts or policy documents, or the boundary
value of the original variable obtained by
statistical winsorising (to recode outliers); sub
indices are weighted according to a weight
matrix and gradually added tilrthe final index is

achieved

LPI is based on trends in nearly 5000 populations

1686 species of mammal, bird, reptile, amphibian,

two subrindices: the temperate indeand the
tropical index Hails, Humphrey, Loh, & Goldfinger,
2009.

EPI is a composite index of current national
environmental protection efforts that can be linked
to policy targets. EPI builds on two core objectives

Like has been happening with the ecological footprint, tF
LPI has benefited from the publicity given by WWF in th:
Li vi ng PI| Bohrnger 8&Rlechemr(20CZ)aim
that the index appears rather questionable because it
presumes substitutability of species. Can be a proxy of

ecosystems3 health althou

EPI has been gaining media attention. The calculation
method requires a number of steps but it is presented w
high clarity and transparency. The index is restricted to |

reducing environmental stresses to human health ¢ environmental domain of sustainability.

protecting ecosystemand natural resources.
Twentyfive indicators are arranged in a trdike
hierarchical framework creating a number of sub
indices that progressively join together to form the
final index. Indicators are calculated on a distatoce
target basisKEsty, et al., 2008
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Table2.7-3 (continued)

Index and similar *

Characteristics §

Description

Strengths and criticisms

Material input per service
unit

Energy return on (energy)
input

Emergy

(a) Not applicable
(b) Strong commensurability
(c) Terms are normalized, given equal weights,

and summed

These indicators are usually applied in the context
life cycle assessments burcbe used in other
contexts, including urban systems. All of them
convey information about the efficiency of a systen
but do it in different ways. MIPS relate all the
materials directly and indirectly used for productior
in an economy (thecological césackwith the
services provided by that economiyntowicz,
1999. It is therefore an indicator of the material
intensity of a system. The MIPS concept has been
starting point for the strategic discussions the
Factor 4 and Factor 10 goalNéss, et al., 2007
EROI and emergy are similar indicators that expre:
the energy efficiency and intensity of a process. EF
is the ratio of usable energy acquired from a
particular energy source to the amount of energy
expended to obtain that energgonselho Nacional
do Ambiente e do Desenvolvimento Sustentavel,
2007. Emergy is the available energy of one kind
(usually solar) that has to be used up directly or
indirectly to make a product of servic©@um &
Odum, 2009.

These indicators provide valuable information about the
efficiency and intensity of an economy, process or prodt
and allow both time and geographical comparis&fI

is particularly useful to compare different energetic
resources. MIPS and emergy are more directed to
product assessments (their application to larger
scales is conceptually similar to the ecological
footprint). In MIPS and emergy, difficulties ariseenwh
services have to be determined. Which services? and ht
to estimate the materials and energy they require?
Efficiency indicators are restricted to a very specific part
the environmental and economical domains of
sustainability. They cannot providéarmation about the

scale of material and energy use, for example.
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Table2.7-3 (continued)

Index and similar * Characteristics ® Description Strengths and criticisms
Environmental vulnerability  (a) Not applicable EVI provides a measure of the vulnerability of the EVI is backed by an undéandable goal and by a scientifi
index (b) Strong commensurability natural environment of a country. EVI is a composi model of vulnerability. As a result, the computation

(c) Raw indicator values are transformed into a of three subindices: the risk expsure index (made method is also scientifically sound. Because of its
vulnerability scale according to expert judgmen up by 32 indicators), the resilience index (made up specificity, only covers a part of the environmental dome
and scietific literature; normalized indicators ar by eight indicators), and the vulnerability index of sustainability.

then averaged to form the suindices and the (made up by 10 indicatorsp(att, Kaly, & Mitchell,

eventually the final index. 2009.

* Creation date is shown in parengisis.

% (a) Rational® (b) comparability of valuggc) normalization, weighting and aggregdtion

'Foll owing Cobb3%s (2000) assertions2hand the |iterature review presented in
2Accordi ng $(@999 lameéwork.i ¢ z 3

? According toBohringer & Jochem (200%pecifications.
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2.8 Synthesis

2.8.1 International politics and policy

The political analysis of the present chapter aimed at revealing the main developments and
cycling patterns of political activity concerning sustainable development, and at identifying the
most important sustainability goals and targets. The aygsiterns reported inFigure2.3-1
combined with the uneven time distribution of the milestones identifiedlable2.2-1 convey

the powerful message that political efforts areléed characterized by measurable ups and
downs. Moreover, the fact that the peaks in political activity coincide with the decennial Earth
Summits (particularly UNCED and WSSD, and to a lesser degree UNCHS) is suggestive of
their influence as catalysts ofone profound societal and political action.

I n a “~starting savenies tietfistgsgnificant teffotts far kerwironmental
protection were undertaken. At the national level, governments started to approve general
legislative frameworks, tostablish environmental ministries and to create protected areas. At
the global and regional scales, multilateral treaties aiming at the conservation of species
(Conference on International Trade in Endangered Species of Wild Fauna and Flora) and
ecosystemgRamsar Convention), the protection of human rights and cultural heritage (World
Heritage Convention), and the control of pollution (Convention on LedRange
Transboundary Air Pollution) were agreed. The Stockholm Conference in 1972 was a
recognizable mélstone and resulted in the creation of UNEP.

A second stagecharacterized by a stagnation of sustainable development prlilbpved and
extended until around 1986. Although at the national level the creation of protected areas
continued to grow, multileeral efforts in the environmental area refrained due to a shift for
economic prosperity as a solution for development problems. Besides this less favorable
atmosphere, the World Conservation Strategy (in 1980) gave visibility to the concept of
sustainablelevelopmat. However, the concept appearddr the first timein 1976(in text of

the ~Agreement Establishing ttPlogramSw ua chc cPracciinfg ct a
search inMitchell, 2008 with a meaning similar to the one coinddter, in 1987 by the
Brundtlard Commission.

The decade from around 1987 until 1995 repressshtinother period of significant efforts of

the international community to push for sustainable development. The Brundtland Commission
set the stage in their r ebfedavdalopredtentered defimitetyn f ut ur
the lexicon and became a popular expression receiving the agreememasdtadveryone. The

1992 UNCEDwas another obvious breakthrough, as supported by peaks in all indicators of

Figure 2.31 around this date and by the impressive number of political milestones that
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followed: environmental agreements (Convention on Biological Diversity, United Nations
Framework Convention on Climate Change), institutional arrangements and financial
mechanisms (United Nations Commission on Sustainable Development, Global Environment
Facility) and acknowledged ~“~soft l awp (RioO
of fered by WCED was neglected during UNMCED,
During the nineties governance issues such as transboundary cooperation and public
participation were finally addressed by multilateral agreements.

The fourth period that started around 199&as marked by a decline in global sustainable
development paty. The fear of terrorism and the globalization of economy are probable
reasons, but a short peak in political indicators around 2000ertainly related with the
coming of WSSD turn the conclusions less straightforward. But even WSSD as a milestone
wasnot as influential as UNCED, if the judgment is based on their outcoifaisl¢2.3-2). For
instance, no agreements, institutional arrangements or financial mechanisms followed WSSD;
and although several targets werepproved, Rgpke (2005) remazk the notable

i mpl ementation deficitpy that the internat:.i
already proposed bYJNEP (2007) perhaps a new stage of sustainable developmelitypis
emerging that shifts thettention to the implementation of existing norms and policies,
including the growg number of national sustainable development strategiegh already
amount to 82 UNDSD, 2008.

Topics and goals addressed at the global level by multilateral agreements and by other political
milestones have been in constant evolution depending on the percepétavancyand
urgency of the problemsn disasters or specific even@ndon influences from the scientific
realm. Analysis oTable 2.32 reveals a transition from single issues to more complex and
integrated frameworks. Ecgstem concerns succeeded species conservation initiatives, and it
was not until thenineties that governance issues were directly addressedniyitilateral
environment agreementsSince 2000, #n interest about the institutional dimension of
sustainable deslopment seems tdiave continuedat least in the discourse of the Millennium
Declaration and of WSSD, although Has not been accompanied by implementation
mechanismsRecently, Governments have been approuimgties to regulate new topics that

pose pecific threats such as the genetically modified organisms and the persistent organic
pollutants. Several targets have been agreed by the international community, namely through
the Millennium Development Goals. These commitments are meritorious but asdhge time

biased towards human development, since these are significantly more detailed and in a larger
number than the environmental protection goals. Sustainability concerns shifted from an

emphasis on pollution and availability of natural resourcea taore balanced position that
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puts human and social developmentparticularly freedom and the expansion of individual

capabilies- at the center.

2.8.2 Scientific approaches to sustainability

One of the goals of the present chapter was to reveal the main ldgweents in the scientific
arena of sustainable development and to determine the most relevant influential publications in
the field. Complementary methods (literature review and analysis of bibliometric data) were
used for that purpose. Four traitsvere identified as the most important of modern
sustainability research, namely in ecological ecac®and sustainability science

e From a static view of environmental limits and human impacts, sustainability approaches
progressed to a dynamic and integrativesiom of them. Carrying capacity is not an
attribute of the natural systems but instead of the coupksticecological systems. Far
from static, carrying capacity can be increased through better technology or more efficient
management and institutional regs. Specific concepts such as risk, resilience and
vulnerability have been proposed to convey this rationale;

e Sustainability concerns shifted from an emphasis on human impacts and availability of
natural resources to a more balanced position that puts hBonmand social capital
particularly freedom- at the center. The economic and institutional settings became
increasingly valued as well, also because of their instrumental and facilitating role in moving
towards sustainability;

e From an enestate and fixedconcept, sustainability is nowadays seen as more of a
transition or as a collective worin-progress towards desired goals. Because it is problem
driven and embedded in the larger scale of policy priorities, sustainability science pays
great attention tothe relationship with society. The research process must therefore
respect the rules of saliency, credibility and legitimacy in order to accomplish its purposes;

e Sustainability is not only vague in its definition and broad in its scope. It is also sguggli
between two complementary rationales. On one side, sustainable development is
somehow related to every important goal of society, from protecting nature to developing
human rights. Any partial analysis or development of each of those topics is refevant
the sustainability debate. On the other side, and contrasting to this multitude of objectives,
sustainability science is nowadays a specific field of study that embraces or unites several
disciplines. That is, sustainabilityriginsic to various disiplines, but it also is a discipline
on its ownjoininga multitude of contributions.

The findings of the bibliometric study complement the conclusions from the literature review

by allowing the identification of the most influential publications of tietagnability literature.

The references ranking higher are those with a global dimension and large diffusion, such as
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WCED (1987)- which is unquestionably the most cited publicatgn | PCC3 s t hird ass
report (2001) andVIEA (2005) but classics follow thereaftee(.P e areta@.®? Bl uepr i nt f or
a green economypu and D. Meadows, Meadows, Rand e
interpretation of Figure2.6-1 suggests a pattern of landmark studies that frame the core of
sustanability thinking about every fiweears and which somewhat trickle down into many less

cited, although still influential, works

Scientific literature dealing with sustainability is dominated by the economics and by ecology

(cf. the most cited references imnnexA.1, the leading authors and journalsTiable2.6-2 and

Table 2.63, and the disciplinary evolution of papers kigure 2.6-3). A smaller but still

significant contribution comes from sociology, politisalencesand planningNevertheless,

the core of cited references and a growing number of papers are in fact multidisciplinary

especially since 2000, just a year before the Amsterdam Declaration that proclaimed the
sustainability science. There is no doubt that sustainable devetdpatdeast as a catchword,

has entered the scientific lexicon. Since around 1990 there has been an impressive growth in

the number of papers containirigat expression in the title or abstracHgure2.6-2).

As a final synthesis, the primal roots of sustainability thinking lie in relatively narrow focused

analysis of theseventiesthat emphasized environmental and resource constrains to human

economy. Later, since theighties a broader perspective was favored bykagical economics.

Ecological economics also regards the economy as embedded in the biosphere, but goes

further by dismissing the simplicity of utilitarianism and replacing it with a larger set of welfare

criteria that includes equity and the intrinsicdwa of nature. Uncertainty and complexity were
acknowledged as two fundamental system characteristics. The rise of the global economy
particularly since thaninetiescame along with a growing call for individual values and rights.
Sustainability incorporat this message by devoting a more prominent attention to both

human and social development. The new century brought what some scientists considerer to

be a new branch of science: sustainability science. Sustainability science is a new step towards
consilence, a tentative to bring together scholars from different backgrounds in order to

create meaningful and integrated thesis. In this sense, rather than being discarded, previous
approaches to sustainability were reclaimed and integrated. Since the fss &ff the

sustainability science have just been given, its potential is still to be further released.
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3.2.1| Definitions

3. Urban sustainability @ and sustainable territorial

structure

3.1 Introduction

The previouschapter concentrated on sustainable development in its broadest sémghis
chapter,| present theissues and approaches to sustainabilitycgpally dealing with urban
systems so as to continue the journey from the global to Hbo#oughscale Section3.2 starts

with general perspectives on urban sustainability drawn from policy documents and scientific
literature. Setion 3.3 details theconceptsof territorial structure, urban form urban growth,

and sprawl. Empirical data concernithgse issuess also provided. Section 3.4 represents a
closeup of the relationshipdetweenterritorial structure andselectedsustainability domains.

A particular emphasis is given to mobility patterns because of their importance for this thesis.

end up with sectior8.5 which synthesizes thehapter.

3.2 Differen t perspectives on urban sustainability

This sectionstarts with a selection of definitions fosustainable cifpund in the literature.

Then, | present urban sustainability goals as they are expressed in policy declarations and in
scientific literature.Goals are grouped into four components: environmental sustainability,
urban planning, social and ecoriondevelopment, and governance. These dimenskmes

based on the scheme proposed @ampbell (1996)who devisedh simple triangular model to

understand the diergent priorities of planning.

3.2.1 Definitions

The definitionsfor sustainable citgre vague- just like the definitions for sustainable
development. Two centraland general urban sustainabiliigliciesare consensuaimproving
quality of life, and respectinghe carryingcapacity of the plagt. Another dimension of great
importanceis also found in most definitions: the idea ofjwaty, either intragenerational or
intergenerational. Thegeographicdimension of equity was analyzéud detail by Zuindeau
(2006) In the following paragraphs, | illustrate urban sustainability with vadefisitions

coming from different backgrounds.

"A sustainable city is organized so as to el

needs and to enhance their wdilking without damaging the natural world or
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endangering the living conditions of otherpempl now or iGrardethe f utur ep
1999/2007, p. 16

"A sustainable city is one which its people
improve their natural, built and cultural environments at neighborhood and

regional levels, whilst working in ways which always support the goal of global

sustai nabl e Haughtored Humtem é994, p 27(

" The pat h t lesistmsstoning aurcitids sotthat they are based on

the patterns and processes of natural, sustainable ecosystems, achieving ecological
regeneration, healthy communities, and viable economies within their bioregions.
Cities work best at bioregionadnd community scales, not just at the global scale

where much of t he eNewmodinlennings, 2008, p.dn t hemp (

“The role of planners is therefore to engage the current challenge of sustainable
development witha dual, interactive strategio manage and resolve conflict; and

to promote creative technical, architectural, and institutional solutions. Planners
must both negotiate the procedures of the conflict and promote a substantive

visionofsi st ai nabl e Chmpbdl 1896 ment p (

"A sustainable city is a city in which agglc
associated with positive environmental externalities and social network

externalities, and in which at the same time negative effects stemming from the

interaction of the three different environments are kept within certain threshold

conditions associated with the urban carrying capacity on the urban environmental
utilizatonspaepn ( Ni j kamp and Op LCanamipCGapellol& 95 , as <ci
Nijkamp, 1998, p. 108

I n order for t he devel opmeuptlandoand | and us e,
infrastructure in an area to be characterized as sustainable, it must secure that the
inhabitants of the area can have their vital needs et way that can be
sustained in the future, and is not in conflict with sustainable development at a
g! ob alNasse20@L ) pus0x
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3.2.2 Goals expressed in policy declarations

A compilation of charters, declarations, and guiding principles for urban sustainability mainly
for European countries is presented irable3.22. From a normative point of view, Europe

has been in theforefront of urban sustainability concerns. Thefforts of European
Commissiondat e back to 1991 when the ~ Green Paper
published. This report eventually léal 1993to the launch ofthe European Sustainableti@s

and Towns @mpaign with the overall objective of promotingrban sustainability and
supporting European local authorities in implementing related poli€hes.campaign has been
particularly active in the promotion dfocal Agenda 2{LA21)processes. Since the inaug|
conference in 1994- where the landmarkAalborg charter, already signed by 2030
municipalities, was approved other conferences wereregularly organizedand resulted in
similar,thoughl ess 1 mportant, decl aratioers. REpberhughvhyg
published in 1996. In 2006, the Commission released the Thematic Strategy on the Urban
Environment but, in spite of the rather minimalist goals and contained ambition, no further
developments since then are visibknother major initiativeat the European Union level is

the European Spati@levelopment Perspective (ESDP). The strategy was approved in 1999 and
comprises threemain policy optionspromote a polycentric spatial development and a new
urbantrural relationship;stimulate parity of access to infrastructure and knowledge; and
implementa wise management of natural and cultural heritagecepting forthe lack of
planning goals in the Lisbon Action Plan (1996) and the lack of environmental goals in the New
Charter of Athens (2003), gis expressed ifable3.22 are quite balanced. Those exceptions

are probablythe resultof a background bias @he participants and, as such, do not seem to

carry any deger sgnificance

Portugal

In Portugal, the guiding policy moerning sustainability is presented in the National Strategy for
Sustainable Development (END®hich spans througihe period of 20052015.0ne of its
major goalds aeatingan urban dynamics that are more inclusive and less destructive to the
environnent. Territorial planning and policy is dictated by Act 48/98, which defines main
national guidelines. It establishizder aliaobjectives such as the rational use and management
of natural resources, the maintenance of the environmental equilibriuenhtimanization of
cities, and the functionality of the builp spacesA bottom-up approach is under construction
for a complex national planning systefable3.2-1). It started in the beginning of theineties
when all Portuguese umicipalities were required to prepare land use plans for the entirety of
their territories. The NationalProgramfor the Territory and Land use Policies (PNPO-T}he

upper layer of the system however,was only approved in September 2007. It consista of
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strategic national guidance document which shall be incorporated into territorial plans at the
regional level and articulated with other national level strategies like the ENDS. The program is
structured around five main objectives, two of which are hfighted: (a)conserving
biodiversity, natural and cultural heritag@s well as usingnergy and geological resources
sustainably; and (b) promat a polycentricterritorial developmentand strengthening the
infrastructure that supports territorial integtion and cohesion. Regional territorial plans
covering the entire country (one for each of the five NUT Il regions) are still being prepared.
There are a number of thematic plans that complement the broad spectrum plans mentioned
above. They include suctpecific areas as nature conservation, forestry, and water basin
planning.However, plans often remain in the domain of intentions. In a review of the
Portuguese planning and governance systems, | have concludesktieaaldysfunctions are

hampering the proper functioning (Quental006c, 20064

Table3.2-1: Main territorial plans in Portugal.

Name Type Main theme Level
National Programfor the Territory and Strategic General National
Lard use Policies (PNPOT)

Regional territorial plans (PROT) Strategic General Regional
Forestry plans Forestry land use and  Forests Subregional
management
Protected areas master plans Land use Nature Subregional

conservation
Natura 2000 plan Land use Nature Subregional
conservation
River basin plans Land use Water Subregional
Local land use plans (PDM) Strategic and land use  General Municipal
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Table3.2-2: Comparison of gals as expressed in selectpdlicydeclarations dealing more directly with urban sustainability

Sustainability ) o )
Environmental sustainability Urban planning

milestone

Social and economic devel opment

Governance

The European Urban
Charter (1992)

Signatories: Member

.Protect nature and green spaces .Base political decisions on urban and

Adopt policies to prevent regional planning
pollution .Manage natural resoursén a rational
States of the Council of manner
Europe .Redevelop older housing

.Provide adequate infrastructure

.Maintain the residential character of the cit
centre

.Ensure diversity and mobility in housing
.Reduce the volume or private car travel
.Promote different forms of travel

.Recover streets as a social arena

.Design towns in such a way that all citizen:
have access to all places

Integratedisabled persons

.Guarantee a secure home for every
family

.Safeguard city centers

.Enhance cultural pluralism
.Promote sporting and recreimnal
activities

Adopt nondiscriminatory policies
.Develop an urban security policy
.Stimulate economic development

.Maintain and revive specialized crafts

.Stimulate cooperation between
authorities and community groups
.Devise original financial mechsmis and
partnerships

Adopt sound information policies
Increment citizen participation in local
political life

.Consult citizens over all major projects
affecting the future of the community
.Ensure effective participation by
immigrants
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Table3.2-2 (continued)

Sustainability

milestone

Environmental sustainability

Urban planning

Social and economic devel opment

Governance

Charter of Europan
Cities & Towns
Towards Sustainability,
or AalborgCharter
(1994)

Signatories: Local

authorities

Lisbon Action Plan: from
Charter to Action

(1996)

Signatories: Local
authorities

.Conserve the remaining natural
capital

.Stabilize and reduce emissions ¢
greenhose gases

.Undertake every effort to see
that further pollution is stopped
and prevented at source
Increase the endse efficiency of

products and energy

Adopt the AalborgCharter

.Carry out sysematic action
planning to move from analysis tc
action

Integrate environmental with
social and economic developmer
to improve health and quality of
life for our citizens

.Use advanced tools for

sustainability management

.Embrace the strategic environmental

assessment of all plans

.Effective land use and development planni

.Provideefficient public transport
Improve accessibilitgndurbanlifestyles
with less transport

.Stop promoting the unnecessary use of
motorized vehicles

.Give priority to ecologically means of

transport

.Seek opportunities for education and
training for sustainability

.Create jobs which contribute to the
sustainabilityf the community
.Encourage the creation of lofigrm jobs
and longlife products in accordance with

the principles of sustainability

.Establistprograns to raise aweeness
among our citizens, interest groups, as
well as politicians and local government

officers of sustainability issues

.Take advantage of a wide range of
management and information instrumen
.Resolve problems by negotiating
outwards

.Ensue that all citizens and interested
groups have access to information and
are able to participate in local decision

making processes

.Sed to get our own house in order
Involve the entire local authority in the
process ofLA21

.Gain strength througlinterauthority
dliances: associations, networks and
campaigns

.Enter into consultation and partnerships
with the various sectors of our

community
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Table3.2-2 (continued)

Sustainability

Environmental sustainability Urban planning Social and economic devel opment Governance
milestone
Istanbul Declaration on .Build sustainable human .Provide basic infrastructure and services .Provide adequate shelter for all International cooperation
Human Settlements settlements .Ensure gender equality Financing human settlements
(1996) .Minimize vulnerability to disaster .Fight growing security and violence .Enablement and participation
.Change unsustainable .Reduce unemploynme Access progress

European Spatial
Development
Perspective (1999)

consumption and production
patterns, particularly in

industrialized countries

.Development othe Natura 2000 .Hfective mehods for reducing uncontrolled .Diversified developent strategies for

ecological network urban expansion rural areas
Creative restoration of landscape .Reinvigorated ban-rural relationships .Support for sustainablerad
.Promotion of towns and countryside multifunctional agriculture

Integratedspatial development strategies  .Education, training, and creation of
.Maintenance of basic services and public nonagricultural jobs

transport .Environmental friendly tourism
.Better coordination of spatial devefmment

policy and land use planning with transport

and telecommunications planning

.Greater use of economic instruments to
recognize the ecological significance of
protected and environmentally sensitive

areas
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Table3.2-2 (continued)

Sustainability ) o
) Environmental sustainability
milestone

Urban planning

Social and economic devel opment

Governance

Guiding principles for .Limit the impacts of natural

sustainable spatial disasters
development of the .Carefully manage the urban
European Continent
(2000)

Signatories: Misters for

ecosystem, particularly with
regard to open spaces, water,
energy, waste and noise
Spatial Planning of the .Reduce environmental damage
European Council .Enhance and protectatural

resources and the natural heritag

.Control de expansion of urban areas

.Develop energy resources while maintainir

safety
.Promote more balanced accessibility
.Develop effective but at the same time

environmentallyfriendly public transport

.Regeerate deprived neighborhoods anc

produce a mix of activities and social
groups within the urban structure
.Enhance cultural heritage as factor for
development

.Promote territorial cohesion through a
more balanced social and economic
development of regionand improved
competitiveness

.Encourage high quality, sustainable

tourism

.Encourage developmegenerated by
urban functions

Improvethe relationship between town
and countryside

.Develop networks of towns

.Establish planning bodies across local
authority boundaries betwaeindividual
towns and communes

.Develop access to information and

knowledge
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Table3.2-2 (continued)

Sustainability

milestone

Environmental sustainability

Urban planning

Social and economic devel opment

Governance

Hannover Call (2000)
Signatories: Local
authorities

Incorporate social and

environmental considerations intc for air traffic as a key instrument for

policies

Introduce management systems of energy use and providing an incentive fo

for local sustainability and
environmental performance
Introduce policies for green
purchasing of products and
services

.Provide stronger support for the
implementation of Agenda 21 ant
of the Habitat Agenda

.Support the European Sustainak
Cities & Towns Campaign

.Stop labor and environmental
dumping by incorporating social
and environmental standards in
international and multilateral

agreements on trade

Introduce an energy tax and stop subsidies

internalizing social andheironmental costs

sustainable energy use and energy efficien

.Engage in the development and
implementation of health action plans ar
sustainable development plans
.Understand that prospects for increasin
profit and shareholder value may be
severely jeopardized if the sustainable
development of cities and the wellbeing
of citizens as consumers are not
guaranteed

Integrate environmental, health, safety
and risk considerations into corporate
strategies

.Engagén the growing market of
sustainable products and services, and 1
profit from first mover opportunities on

these markets

.Develop, jointly with local government
associations and networks, a culture of
partnership between the European
Commission on the oa side, and local
authorities and their associations on the
other side

Allocate subsidies and grants to local ar
regional authorities, in particular in the
fields of urban development and renewa
as well as transport, only on the
condition that sustairtllity criteria are
being met

.Eradicate debt through remission
prograrns

.Provide adequate funds to international
financing facilities for sustainable

development
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Table3.2-2 (continued)

Sustainability ) o )
) Environmental sustainability Urban planning
milestone

Social and economic devel opment

Governance

Melbourne Principles for .Recognize the intrinsic value of
QustainableCities (2002)  biodivasity and natural
ecosystems, and protect and
restore them
.Enable communities to minimize
their ecological footprint
.Build on the characteristics of
ecosystems in the development
and nurturing of healthy and
sustainable cities
.Promote sustainable prodtion
and consumption, through
appropriate use of
environmentally sound
technologies and effective demar

management

Achieve longerm economic and social
security

.Recognize and build on the distinctive
characteristics of cities, including their
human ad cultural values, history and

natural systems

.Provide a longerm vision for cities
based on: sustainabilifptergenerational,
social, economic and political equity; ant
their individuality

.Empowerpeople and foster participation
.Expand and enabtmoperative networks
to work towards a common, sustainable
future

.Enable continual improvement, based o
accountability, transparency and good

governance
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Table3.2-2 (continued)

Sustainability ) o
) Environmental sustainability
milestone

Urban planning

Social and economic devel opment

Governance

New Charter of Athens
(2003)

Signatories: Member of
the European Council of

Town Planners

.Analyzeexisting features and trends,

consider the wider geographic context and

focus on longerm needs

.Elaborate alternative potential solutions foi

specific problems and challenges

.Adopt strategic management approaches 1

spatial development processes rathan
just plan making to serve bureaucratic

administrative requirements

.Develop and elaborate spatial developmer

visions showing opportunities for the future

.Maintain an appropriate knowledge of
contemporary planning philosophyeory,

research, andnactice

.Encourage healthy and constructive criticis

about the theory and practice of planning

.Contribute to training and education
.Strive to protect the integrity of the
natural environment, the excellence of
urban design and endeavor to conserve
the heritage of the built environment for
future generations

.Respect the principles of solidarity,
subsidiary and equity mhecisionmaking

in planned solutions and in their
implementation

.Suggest and elaborate operational
legislative tools to ensure effieicy and
sodal justice in spatial policies

.Expand choice and opportunity for all,
recognizing a special responsibility for tt
needs of disadvantaged groups and

persons

.Think in all dimensions, balancing local
and regional strategies within global
trends

.Monitor plans in order to adjust
unforeseen outcomes, propose solutions
or actions, and ensure a continuous
feedback linkage between planning polic
and implementation

Stimulate partnerships between public
and private sectors

.Collaborate with andccoordinate all
involved parties

.Facilitate true public participation and
involvement between local authorities,
decisionmakers, economic stakeholders
and individual citizens

.Convince all involved parties to share a
common and long term vision for their
city or region, beyond their individual

interests and objectives
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Table3.2-2 (continued)

Sustainability

milestone

Environmental sustainability

Urban planning

Social and economic devel opment

Governance

AalborgCommitments
(2004)
Signatories: Local

authorities

Thematic Strategy on
the Urban Environment
of the European
Commission (2006)

Leipzig Charter on
sustainable Eupean
cities (2007)
Signatories: Ministers of
the Member States of

the European Union

Assume responsibility to protect,
to preserve, and to ensure
equitable access to natural
common goods

Adopt and facilitate the prudent
and efficient use of resources
Assume global responsibility for
peace, justice, equity, sustainable
development and climate

protection

.Improve energy efficiency

.Promote a strategic role for urban planning

and design in addressing environmental,
social, economic, health and eutl issues
for the benefit of all

.Recognize the interdependence of

transport, health and environment and are

committed to strongly promoting sustainabl

mobility choices

Implement sustainable urban transport plai

.Creating and ensuring higjuality public
spaces

.Pursuing strategies for upgrading the
physical environment

.Promote efficient and affordabigban
transport

.Modernizeinfrastructure networks

.Protect and promote the health and
wellbeing of our citizens

.Secure inclusive arslipportive
communities

.Create and ensure a vibrant local
economy that gives access to
employment without damaging the

environment

.Build poactive educational policies
.Build poactive innovation policies
.Pay special attention to deprived

neighborhoods

.Strengthening the local economy and

local labor market economy

Implement effective management cycle:
from formulation through implementatior
to evaluation.

.Strengthen decisiemaking pocesses
through increased participatory

democracy

.Promote integrated environmental

management

.Makegreater ug of integrated urban

development policy approaches
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3.2.3 Goals expressed in scientific literature

Urban sustainability goals weraso tracked in selected scientific references according to the
organizationscheme already used, which consistsenvironmemal sustainability, urban planning,
social and economic development, and governgmeble3.2-3). Different authors enphasie specific
sustainability concerng;onfirming the ambiguous and ambivalent nature of the concéptch
(1960/1999) for instance proposedfive general dimensions and two reefriteria to illuminate the
basic characteristics of city fornvitality sensgfit, accesscontral justice and efficiencyLynch then
explainedhow each dimension shoulde assessed his conceptualization of the city may be useful
for sustainabilitythinking although the environmental considerations were raitthe center of
Ly nc h?3 s .Rogers & &umuchdjian (1997/20()visioned seven dimensions related not only
to urban form but also with city prospiégy and ecologyCalthorpe & Fulton (2001proposel a
spatial model for a cityegion comprised by four main unitgentersthe main destiny of the
neighborhood, city or regiondistricts areas withspecial vocations and dominated by a specific
function; reservesopen spaces and green ardast shouldbe connected by corridorsn order to
form a network;andcorrides,the elements linking natural areas ahe transportation infrastructure
such asavenues and rail track&inco & Nijkamp (200), profiting from the traditional triangular
image of sustainable development, put urban sustainability at the center of three pillars (social,
economic and physical) and policies (ldegn allocative
{natoral,puit) efficiency, environmental equity, and distributive

efficiency - cf. Figure 3.21). The remainderauthors

mentioned at theTable 3.23 suggested several explicit

Envircnmental
equity (intra-
and inter-

generational)

Long-term
allocative

efficiency political actions that would gear the city towards
sustainability. They are interesting for the purpesef

identifyingthe most relevanturban sustainability issues

SOCIAL | ECONOMIC but unlike the contributionsof Lynch, Rogers and

Distributive

effciency Calthorpe & Fulton those suggestions are seldom

Figure3.21: The main goals of sustainab 04 on some form ofa sustainable citineory.

urban development according t&inco &
Nijkamp (2001)

A synthesis and simple organization of tregious urban

sustainability goals is presented in secioh
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Table3.2-3: Comparison of goals as expressed in selesigdntificreferences dealing more directly with urban sisability.

. o . Social and economic
Reference Environmental sustainability Urban planning

Governance
development
Lynch, .Efficiency Access Vitality Fit
1960/1999 .Sense .Control
Justice

Maclaren, 1996 .Living within the carrying capacity of Intergenerational equity

the natural environment Intragenerational equity
.Minimal use of nonrenewable .Economic vitality and diversity
resources

.Community selfeliance
Individual wetbeing

Satisfaction of basic human needs

Alberti, 1996 .Minimize the diect transformation of .Guarantee human health and
habitats wellbeing
.Efficient use of natural resources
.Minimize the emission of air

pollutants and of waste

Rogers & .Ecological city .Compact and polycentric city .Creative city
Gumuchdjian, .Beautiful city .Diverse city
1997/2001 .City of easy contact and mobyjit Just city
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Table3.2-3 (continued)

. - . Social and economic
Reference Environmental sustainability Urban planning Governance
development

Satterthwaite,  .Minimizing use or waste of .Social, cultural and health needs .Political needs
1997 norrenewable resources .Economic needs

Sustainable use fifite renewable

resources

.Biodegradable wastes not overtaxing

capacities of renewable sinks

.Nonbiodegradable wastes not

overtaxing capacity of local and globe

sinks to absorb or dilute them without

adverse effects

Camagni, et al., .Limits on the use of specific flating  .Incentives to reuse derelict areas Incentives to R&D in environment .Discrimnatory pricing in regulated
1998 technologies .Change in urban form benign technologies services

.Marketable emission rights .Regulations for unused lands

.Pricing on scarce resources .Land developma regulations

Incentives do use less polluting Incentives to mass transit use

transport means .Regulation for congested areas

.Tax on energy resources .Change in mobility patterns and

modal choice

.Mass transit development
.Long distance transport means

provision
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Table3.2-3 (continued)

Social and economic

Reference Environmental sustainability Urban planning Governance
development
Girardet, Life cycleassessments .Bioclimatic architecture .Environmental education .State of environment reporting
1999/2007 Wildlife refugees .Integration of transports and .Green jobs
.Tropical timber avoided pedestrians .Ecological firms
.Prevention and recycling of waste
Sustaiable energy system
Rees, 1999 .Strive for zereimpact development  .Capitalize on the multifunctionality of .Integrate open space planning with
green areas other policies to increase local
autonomy
Calthorpe & .Reserves .Centers .Districts
Fulton, 2001 .Corridors
Neaess, 2001 .Minimize the conversion of natural

areas for food production

.Minimize the consumption of harmful
construction materials

.Replace opemnded flows with closed
loops relying to a higher extent on
local resources

.Provide a sound environment for the
city?®s inhabitant
and noise damagin
health, and with sufficient green area:

.Reduce the energy use and emissior
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Table3.2-3 (continued)

Reference Environmental sustainability

Urban planning

Social and economic
Governance
development

Finco &
Nijkamp, 2001

McGranahan & .Interspecies equity (in protecting

Satterthwaite,  ecosystems and biodiversity)

2003 Intergenerational equity (in helping tc
conserve resources)

Gaffron, .City in balance vth nature

Huismans, & .City contributing to closed water

Skala, 2005 cycles

.City as power station of renewable
energies

.City of minimized energy
consumption

.City of reduction, reuse and recycling

of waste

.City of minimized demand for land
.City of balanced mixed use

.City of qualified density

.City with public space for everyday
life

.City as network of urban quarters
.City of urban scale and urbanity
.City with integrated green areas
.City of accessibility for everyone
.City integrated with surrounding

region

City for pedestrian, cyclists and public

transport

.City of short distances

.Longterm allocative efficiency
.Distribution efficiency

.Environmental equity

Intergenerational equity (in access ta
basic services
.Procedural equity @unded in a legal

system and in political praxis)

.City of sustainable lifestyles .City built and managed with

.City of health, safety and wedking inhabitants
.City of cultural identity and social

diversity

.City of strong local economy

.City integrated into global

communication atworks
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Table3.2-3 (continued)

Social and economic

Reference Environmental sustainability Urban planning Governance
development
Kenworthy, .The natural environment permeates .The city has a compact, mixege .The economic performance of the All decisionnmaking is
2006 city®s spaces urban form city and employment creation are sustainabilibased, integrating social,
.There is extensive use of .The central city and subenters maximized through innovation, economic, environmental and cultural
environmental technologies for water absorb a high proportion of creativity and the uniqueness of the  considerations
enagy and waste management employment and residential growth  local environment, culture and history .Planning for the future of the city is a
.Freeway and road infrastructure are as well as the high environmental anc debate and decide, not a predict and
de-emphasized in favor of transit, social quality of provide, computedriven process
walking and cyiig envionments .The city has a gh quality public
realm throughout that expresses a
public culture, community, and equity
and good governance
Egger, 2006 .Natural water body quality Integrated planning Innovation .Political structure
.Natural resouce efficiency .Regional infrastructure .Education .Open society
.Climate change Accessibility .Health

Air quality

.Culture and leisure
.Economic position
.City-region development
.Economiddiversity ancbutput
Work

.Social capital

Stelter security
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Table3.2-3 (continued)

. - . Social and economic
Reference Environmental sustainability Urban planning Governance
development

Lee, 2007 .Lower environmental impacts .Improvement of public health
.Increased recycling of matels .Improvement of welbeing

.Use of energy with growing efficienc

Fernandes, .Reduce sprawl

2007 .Renewderelictareas
.Implement urban design techniques
foster highquality publicspaces

Newman & .Urban bioregional processes and .City form is designed to encourage .Urban lifestyles are equitable, .Urban institutional structures are

Jennings, 2008 biodiversity are maintained and human interaction, and to restore dn  conserving, varied, and enriched by ¢ polycentric and bioregionas well as
enhanced through a system of maintain ecological processes strong sense of place and community being linked globally, involving
reserves throughout the bioregion .Urban infrastructurds designed to .Urban production and consumption  processes that are participatory,
.Urban systems progressively reduce mimic or use natural processes activities focus on meeting genuine  cooperative, and based on adaptive
their impact and begin to form Infrastructure maximizes social human needs management
ecologically and socially regenerative interactions and minimizes land and .Urban governance is based on
systems energy se creating hope through leadership,
.Urban values respect the intrinsic innovation, participation, and the
value of dllife demonstration of practical and

symbolic sustainability projects
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3.2.4 Urban s ustainability projects

Several implementation projects dealing with urban sustainakitiédyunderway, but they will
not be reviewed here in detdi(Table3.2-4).

Table3.2-4: Relevantinitiativesdealing with urban sustainability.

Title Topic Coordinating institution
European Sustainable Cities and Town General ICLEI- International Council for Local
Campaign Environmental Initiatives
HealthyCities General World Health Organization
LA21 General United Nations
Sustainable Cities Program General United Nations Center for Human Settlements
Smart growth initiatives Land use Smart Growth Network
planning
CIVITAS Initiative Transports EuropeanCommission
C40 Cities Climate change Clinton Foundation
Cities for Climate Protection Climate change ICLEI- International Council for Local

Environmental Initiatives
Covenant of Mayors Climate change European Commission

EnergyCités Energy

LA21 processes have gained a prominent role as sustainability initiatives atbelevel. In
Portugal, the number of such processes has been steadily incre@siegtal & Silva2003
reported just one municipality starting the process, although ¢batemporarySecond LA21
survey counte®7 (International Council for Local Environmental Initiatives, 308Zew years

later, Schmidt, Nave, & Guerra (200@pade reference to 13 municipalitiengaged with a
LA21; anl recently,Pinto (Pinto, Macedo, & Macedo, 200®%uilding on the data systematically
collected by the LA21 welportal’, referred 139. The problem with these figures is that they
were based on information psaded by the municipalities, and usually there was no on the
ground evaluation to check if the claimed actions were in fact being implemented. Moreover,
municipalities whose processes have been discontinued have not been deleted from the
database. Stillhese figures are surely a sign of greater openness among city councilors and

technical staff. This idea is corroborated Bigelis & Pires (2009)vho carried out a detailed

® A recent M$ thesis has concentrated on this subjeGbfnes, 2009

" http://www.agenda21local.info/index.php.
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3.2.4] Urban sustainability projects

review about the implementation of LA21 in Portugal. On one side, they fosigds of

" sur r eta dhe rpptential of LA21 to improve local governance for sustainable

development,as municipalities have been showing increasing interest for participatory

processes. On

anot her

resistreg to thdn adpptioh ofunewd

government strategies, exddced bythe “limited longterm andintegrated view of sustainable

development, the weak development of partnershigrsithe limited flows of information and

strategic collaboration betweenlocal

communitiept  616).

N®

departments and between local councils and

160
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Figure3.2-2: LA21 processes in Portugal (new processes per year and running total). SBurte: et

al., 2009

| have actively participated in reagional Agend&1 called Futuro Sustentawad part of my

S i

professional activity. The process started in 2003 and involved, in a first stage, nine

municipalities of the Metropolitan Area of Porto (the same municipalities represented in this

thesis). Later, in 200 the project was enlarged to the entire metropolitan region, which

comprises, nowaday46 municipalities. After dozens of meetings with different actors such as

borough?3s

r eagngoeemmantal aotganizagiogngnd citizens, a diagnosis and an

action pla were issued in 2008. The plan was centered around four themes: water, education

for sustainable development, territorial plannimgnd mobility Figure3.2-3). Implementation

will follow, hopefully. A picturesque representation of ke longterm vision for the

sustainability of the region was prepared byadented member of the technical staffigure

3.24).
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Figure3.23: Main actions planned byuturo Susten& Source:Escola Superior de Biotecnologia

Grupo de Estudos Ambientais & Lipor, 2009
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“Uma regido com rios e ribeiros limpos, onde a agua é usada de forma eficiente. Uma regiéo
com mais espacos verdes, vegetacdo natural e areas protegidas. Uma regido com
mobilidade para todos, onde é facil circular de transportes publicos, a pé e de bicicleta. Uma
regido que investe em educacéo para a sustentabilidade num patamar de maior qualidade.
Uma regido com maior cooperacdo entre entidades e participacédo efectiva dos cidadéos,
investindo na qualidade de vida.”

’ j -

2/ /1]
;EWDF‘;

Figure 3.2-4: Artistic representation ofthe vision for sustainable development endorsed Fayturo

SustentaveSource:Escola Superior de BiotecnologiaGrupo de Estudos Ambientais & Lipor, 2009

Artwork by Pedro Fernandes.

3.2.5 The contribution of urban planning

Planning theory

Patrick Geddes (1854.932), a Scottish philosopherandlm | ogi st , is cmofedited a
regional planningHall, 1988/200R Based on the ideas of th&arden City developed by

Ebenezer Howard (1850928) Geddes envisioned aimpressiveand comprehensive model

of the city. Jane Jabs referred , i n her The Death nd hie ofkGreat Citigs

(1961/2001, p. 20that the goal ofegional planninggas t o ~decentralize greal
out, and disperse their enterprises and populations into smaller, separated cities or, better yet,

t o wnThauideas of Howard and Geddes have bemtively widespread by visionaries like

Lewis Mumford and Clarence Stein, who added to the original ideas the necessary accuracy of

urban designThe Garden City model was partially appliedfe towns of Letchworth (1904),

Hanpstead (1909) and Welwyn (19). Patrick Abercrombieintegrated these cities into the

Greater London Plan(1944) which proposedthe decentralization of population by small

clusters around a prosperousentral core.However, a number of factors, mostly related with

political ideologs, interrupted the natural development of regional planning theory and

practice in the United Kingdom. Only in the nineties, with the emergence of the new
regionalism, regional planning gained renewed acceptance. In the United States, the influence of

the Garden Citywas more visible from the twentiesn (Hall, 1988/200R

In the early twentieth centry, the organic models and th&arden City began to be

questioned. The International Congress of Modern Architecture and the Athens Charter,

drafted in 1933 and publicized only in 1941, developed a model of city radically different.
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Taking advantage ofdknological advances in the field of cenlgineeringthe citieswere to

be transformed intoclusters of tall buildings surrounded Ipublic spaces and green areas.
Mobility would be possibléhrougha number of large avenue&.functional cityemergel from
this scenario. lving, working, leisure anahobility should be segregatedrough zoningJosé

Lamasargued that

“( 1 de methodology of modern design is completely different. In the traditional
city, the size and organization of accommodation resuftem the shape of the
building, and consequently from the shape of the parcel and their position on the
block. For modern urbanism, the housingll is the key element of the city
framing.Housingcellsare grouped to provide buildings, and these areugred to

form neighborhoods (...)Grouping housingcells determine the shape of the
building andgrouping buildings determinethe shape of the neighborhoéd
(Lamas, 2000

Le Corbusier occupies a prominent place in the modern movement iarmbnsidered the
mentor of anew modelof city: the Cité RadieuseThe models ofGarden Cityand the Cité
Radieuselthoughwith profound differences in their morphologghared the saving déarge
spaces for public enjoymerit the early sixties the firstriticisms tothe modernmovement
appearedIn fact, despite the good intentions thfe mentorsand thehigharchitectural quality
of buildings, the modern city was designed dargescaleandlacked humanized place#t was
a kind of standardized magsoduction As a result people could not appropriate existing
public spaces and occasiomalnvivialityin the streets became difficullane Jacobs strongly

criticized what she calleth sort of RadiantGardenCity Beautiful:

"He [Le Courbusier] proposed underground streets foheavy vehicles and
deliveries, and of course like the Garden City planners he kept the pedestrians off
the streets and in the parks. His city was like a wonderful mechanical toy.
Furthermore, his conception, as an architectural work, had a dazzlingyglarit

simplicity and harmony. It was so orderly, so visible, so easy to understand. It said

(.. 0) a metodologia da concepCAo moderna C
dimenséo e a organizacé@o do alojamento resultavam da fdonlificio, e este da forma do lote e da
sua posi¢cdo no quarteirdo. Para o urbanismo moderno, a célula habitacional é o eldasmtde
formacédo da cidade. Agruz@ para constituir edificios, e estes agrugserpara formar bairros (...). O
agrupamentode células habitacionais determina a forma do edificio e o agrupamento deéogdific

determina a forma do bairgo(Lamas, 2000
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everything in a flash, like a good advertisement. This vision and its bold symbolism
have been all but irresistible to planners, housers, designers, and to developers,
lenders and mayors taoNo matter how vulgarized or clumsy the design, how
dreary and useless the open space, how dull the elgsgiew, an imitthon of Le

Cor busi er ssadhievaniest. Batragtd how the city works, it tells, like
the Gaden City, nothing but lieg (Jacobs, 1961/2001, p.)23

With the criticism of the modern movement, thimterest for urban desigmeappearsas the
work of Gordon Cullen and Kevin Lynch exemplifyytich, 1960/1999

Thesewere the foundations for theemergence, later on, of thBlew UrbanisnWorried with

the evolution of the city, with the spread of suburbs and with citizen alienation from public
issues, a group of technicians with different &rait backgrounds founded in 1993 the
Congress for the New Urbanism. ItSharter contains a set of principles thainceapplied at

the regional, district and building level, would prevent the spread of the city, stimulate its
renewal, make housing more @fflable and promote public transportationAt the center of

the New Urbanismideology is, therefore, a critique of the ledensity American suburbs. It
alsoincorporates some othe formal urbanisnvalues €.g. detail, organicism, vitalitjgst with

the Modern Movementandincorporates principles of environmental sustainability (reducing
consumption of energy, water and other resourcasd protecting the regenerative capacity of
natural asse)s New Urbanism argues for fischhrmonizatioramongthe local authoritiesof a
regionto avoiddestructive competition for revenueand promote cooperation focommon
strategieqCalthorpe & Fulton, 2001 Calthorpe & Fultorschematicalldivided the region into

four distinct units: centers, the prime destiny of the neighborhood, oityregion; districts,
areas with special vocations and dominated by a specific function; reserves: open spaces and
green areas which shall be connected by corridors shaping a network; and corridors, the
elements linking natural areas and the transit sthictures such as avenues and rail tragks.
regional map would consist of a mosaic of waeliculated four basic elements, taking into
account the relationships between the various palsthe United States, this theory has been

putinplacethrae gls mart growthpy initiatives.

Factors influencing the success of planning

JuliaLourenco (2003)attempted to understand the development of a planning process for
urban growth areas, particularly the fundamental succdastors underlying plan
implementation. The institutional context in which plans were prepared, including the logics of
public and private action, were taken into account. Underlying faci@me dividedbetween

two groups: determinantand critical factors. Persistence on aims and perception of

innovations were identified as theitical factors(Table3.2-5). A detailed analysis according to
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the matrix of determinant and critical factors was performed on seven-plagesses. These
case studies were selected because they envisioned proposals of difficult implementation in

Portugal.

Table3.2-5; Determinant and critical factors for the success of the ghancess

Determinant factors

Bio physical Technical Cultural

Land use Plan proposals Public participation

Soil morphology and ground compositic Viability studies Policy measures

Accessibility Urban managemen Land policies

Ownership patterns Fees Institutional arrangement:
Critical factors

Persistence on aims

Perception of innovations

The assessment of the pgnr ocesses was <carried out having
behavior Figure3.25). The model suggests a logical sequence of three cycles: plafiairtg,

action (measuredy the investment on urbanization, public infrastructures and equipments),

and living Ideally the rate of planning decreases significantly on the target aiftea 10 years

of planning productiorand reaches aminimum level afte20 years the actions and living

curvesstart from a low level and increase significantly over time, having peak8 amnd 40

years later, respectivelyLourenco's (2003)model is basichl a tool for monitoring a
planprocess. When the real curves of planning, actions, and living depart from their ideal
behavior, the perception of innovations by the relevant actors can usually explain those

differences.

»
v

Intensity

]

v

1l 1 1 1 1 1} 1 :
10 20 30 40 S0 0 70 Time

s Planning e Actions e e e e Living

Figure3.2-5: Ideal behavior of a plgsrocess. Sourcd:ourenco, 2003
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3.3 Urban form, growth and sprawl

3.3.1 Urbanization and population trends

The transition from a rural to an urban society is calletbanizationStatistically, urbanization

reflects an increasing proportion dhe population living in settlements defined as urban,

primarily through net rural to urban migration. The level of urbanization is the percentage of

the total population living in towns and cities while the rate of urbanization is the rate at which
urbanpopulationgrows United Nations Population Fund [UNFPA], 2007

The British Census of 1851 showed that, for the first time in history, more people were living

in urban areas than in rural areaSifld n g s , Hopwood, Me). Fomthe & O3 Br
world as a whole, the breakthrough occurred in 2008NFPA, 2007 see alsdrigure3.3-1).

The European Union, Australia, Netealandand Northern America are considerably more

urbanized: about 80% of the citizens already live in places with more th@@Q hhabitants

(United Nations- Department of Economic and Social Affairs, 20@8gure3.3-2).

Population (milions )

0.0 T T T T v T T T T
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Urban population — — Rural population

Figure 3.31: Urban and rural populations of the world (39 2050). Source:United Nations -

Department of Economic and Social Affairs, 2008
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Figure3.32: Urban population (2007)Source:United Nations- Department of Economic and Social

Affairs, 2007b

The first wave of urbanization began in Europe and North America as a consequence of the
Industrial Revolution, which demaedi large amonts of workforce O'Meara, 199% Over the
course of two centuries (1750950), these regions experienced asconomic and
demographic transition from rural to mostly urban societies. A second wave of urbanization is
taking place since the past hedfntury in the less developed gons of the world UNFPA,
2007). China, for instance, will probably surpass the 50% mark of urban dwellers in 2010
(McNeill, 2007. The fact that countries are experiencing different developmenasph

explains the highly uneven growth rates of urban population across redime¢3.3-3).

= fAfrica == Asia Europe === Oceania

Latin America and the Caribbean

Morthern America World

3 ———n—_______-

Rate of change

(=]

] T T T T
1950- 1955-  1960- 1965 1970- 1975 19B0- 1985 1990- 1995-  2000- 2005 20N0- 20105-  2020- 2025

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 20010 2015 2020 2025 2030
Periods

Figure3.3-3: Average annual rate of change of the urban populationdgyon (19502030). Source:
UNFPA, 2007
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Overall, world urban population grew from less than 30 million in 1800 to the current 3,4
billion inhabitantsand is expected to riséo 6,5 billion in 2050. Between 1950 and 2007, the
growth rate averaged 2,6% per year and is expected to slow down to 1,8% during ZIX%,
which still represents a doubling of the urban population in 38 yeXigually all the
population growth in the next four decades will be concentrated in urban ar&hstgd
Nations- Department of Economic and Social Affairs, 2008

The pattern of population distributin is also changing: people are increasingly concentrated in
large urban areasF{gure 3.34). There are presently 19 cities with more than 10 million
people (megacities), 22 cities wiftve to 10 million, and 370 diés with oneto five million

(United Nations Center for Human Settlements, 2001b

&0
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Percentage of urban population

u]

00 il f i omi N

1975 1980 1985 19390 1995 2000 2005 2010 2015

Years

10 million or more . 5 - 10 million 1- 5 million 500,000 -1 million fewer than 500,000

Figure3.34: Urban population by size class of settlement (128.5). Sotce: UNFPA, 2007

Global population rate of growth peaked around 1970 at 2% per annum and has been steadily
falling since then. Déning birth rates will probably result in zero gmth by 20502070
(McNeill, 2007. But growth rates can mask considerable absolute changes in population. For
instance, the 1,5%nnualpopulation growth rate in India represent as muchl&smillion new
citizens every year. Therefore, although falling birth rates in the most populous countries can
be seen as a step towards sustainability, absolute increments may still represent a serious
burden for the planet.

The transition from highly féile societies to societies characterized by low birth rates and
long life expectancies was fueled by urbanization and related developments in sectors such as
women education, political liberties and public heafler{, 1999/2003 Although urbanization
implies considerable environmehtampacts, it also fuels several sociceconomic trends
essential for sustainable developmerdven if the net environmental result is negative because

ofcitizens?® more intensive consumption patterns.
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Drivers of urbanization

Urbanization has been primaribaused i the perception that cities provide greater diversity

of opportunities and quality of life for citizensléwman, 1999 Haughton & Hunter (1994)

claim that the process is very much guided by the political structures and by existing social and
economical conditions, but it can still be regarded as a natural movement of people searching
for better jobs, education and freedonMigration from rural to urban areas (the rural exodus)

i s the ~ dawseofdurbanizationablibther phenomena of great importan@xist, such

as the migration from cities to other, usually more developed, cities.

Girardet (1999/2007)and McGranahan & Marcotullio (200®numerate several factors that
account for the growing urbanization in the world: globalization, technological change, political
and democratic shiftsgoncentration of political and financial power in the cities, economic
development, and cheap energy. These drivers are experienced differently in different parts of
the world (McGranahar& Marcotullio, 200% which partially explains the distinct patterns of

urbanization across regions.

3.3.2 Urban f orm s and pattern s

Anderson, Kanaroglou, & Miller (199@gfinal urban formasthe spatial configuration of fixed
elements within a metropolitan region, including the spatial pattern of land uses and their
densities as well as the spatial design of transport and communication infrastrudtanedy
(2006) callsthis built environmerierritorial structure a moreencompassingonceptconsisting

of human capabilitiesirban form,transportationsystem, and economyt the neighborhood
scale urban forntould be confused with the concept afban desigmwhich usually refers to
small scale arrangements and tetappearance of public spaces.

Different spatial patterns of land ugeflect the evoluton of urban form during decades or
centuries (Carvalho, 2008 Kevin Lynch (1960/1999efined four basic urban development
forms that have been thereafter rethought and published underregetyaof names in the
literature (Lewis & Brabec, 2005Table 3.31 synthesizes these main archetypal forms of
urban developmenas well adater additions, andrigure3.3-5 graphically depicts some of the

most common.
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3.3.2| Urban forms and patterns

Table3.3-1: Archetypal forms of urban growtht the metropolitan level

. . Uniform
Nuclear Polycentric Linear Stellar Leapfrog
sprawl
A dense A group of Urban Two or  Anurban center Largely
urban center interrelated development more growing uniform land
is surrounded centers pined along a fingers outwards uses and
by a low by transport corridor such  of discontinuously  densities
density, rural  that form a as arailroad growth through small across the
matrix functional whole or a road extend development region
from the patches
center
Lynch, Nuclear Constellation Linear Stellar
1960/1999
Ewing, Scattered Leapfrog
1994
Anderson, Concentric Multinucleated
et al., 1996
Cervero, Strongcore Adaptive cities  Hybrid Hybrid Adaptive public  Adaptive
1998 cities transit public transit
Holden, Compact Decentralized Urban sprawl Green city
2004 cities concentration
Nordregio, Monocentric  Polycentric Sprawl Sparsely
2005 populated
Lewis & Sprawl
Brabec,
2005
Tsai, 2005 Monocentric  Polycentric Strip Strip Leapfrog Decentralized

sprawl
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Figure3.35: Different patterns of urban growth. Sourdsordregio, 2005

Analysis ofTable 3.3-1 shows that consensual definitions are lacking and lexicon is prone to
misunderstandings. What one author considepsawl for instance, another author may call it
leapfrog developme@hin (2002)and Tsai (2005kuggest that the polycentric, linear and stellar
forms could also be considered as special types of sprawl, but this would just blur the concepts
and add to the confusiormhe typology suggested I§ervero (1998)classifies cities according

to the relationship between the spatial patterns of land use and the structure of the public
transportation networks. It is more inclusive, but the rationale is simiiarthe other
classifications mentionedhe header ofeach column inTable 3.3-1 represents the most
common perception of each archetypal urban form.

The six typical urban forms presented can be understood as a aamtinof increasing
uniformity in the distribution of population across the territargll forms remain identifiable in
some urbanlandscapg but 20" century growth patternshavediluted their unique signature
(Lewis & Brabec, 2005The nuclear city ishe traditional form: a denseucleus usually where

the central busiass district is locatedsurrounded by a rural matrix with a clear boundary
between the two(in the medieval times, walls protected cities from invaders and established a
physical segregation). Polycentmetropolis have been gaining consensus as a tésivaban

form (e.g. Calthorpe & Fulton, 2001; Camagni, Gibelli, & Rigamonti, 2002; Catalan, Sauri, &
Serra, 2008; EEA, 2006kand was explicitly recommended by the European Spatial
Development PerspectiveVhen compared with monocentric urban systems or dispersed
small settlements polycentric regions are claimed to be more efficiemquitalbe and
competitive (EEA, 2006 In addition,Catalan, et al. (2008)ontendsthat polycentric regions
restrain urban dispersion and encourag relatively compact growthLinear, stellar, leapfrog
and uniform sprawl represent increasing degs of sprawl the urbanrural segregation

disappears and is replaced byiadistinctlandscape of houses, gardens and agricultural fields.
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3.3.3 Urban life cycle

Metropolitan urban forms evolve with timeSeveralauthors agree onan urban transition
characteized by cycles of urbanization, suburbanizatioopunter-urbanization and
reurbanization(e.g, Button, 2002; Capello & Faggian, 2002; Chin, 2002; Couch, Leontidou, &
PetscheHeld, 2007; EEA, 2006b; Haughton & Hemt1994; Ravetz, 2000a; Turok &
Mykhnenko, 200) In the first phase, therbancenter experiences a faster population growth
thanthe surrounding areas; in the second phase, the urban fringe develops faster that the core
areaand residential land use the centre is replaced by tertiary activitieig the third phase,

the metropolitan area as a whole loses population; in the last phase, the core ring areas decline
faster than the core, which may even increase its populat@onomists have been trying

explain and model these transitiorSigure3.3-6).

Z
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Key: Economic factors in plain type, social welfare factors in italics, and environmental factors in

shadow.

Figure3.36: Urbanlife cycle links between economic, environmental and social welfare trends. Source:
Button, 2002 p.228.

Urban growth and decline rest on the tension between agglomeration economies and
diseconomies Nlunda, 200§ or between centripetahnd centrifugaforces (Krugman, 199p
Centripetal forces include market size effects, thick labor markets and pure external
economies, and centrifugal forces include immobile factors, land rents and pure external
diseconomies Krugman, 1999 During urbanization, agglomeration economiessult in
growing densities in thecenter. As time passes, demand for land pushes rents up and the
increase in other diseconomigsuch as soaring pollutipmliminish the attractiveness of the
center to business and residents. Facilitated by improved public and private transports,
suburbaization arisesflaughton & Hunter, 1994and may even lead to the formation efige

cities(Garreau, 1991 An edge city is characterized bgrge concentrations of office and retalil
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spacedeveloping near the nodes of roajhighways in places which 30 years ago did not have
urban characteristics. The next phaseunterurbanization(Berry, 1976, emergesas people

react to the diseconmies of large cities (congestion, high land prices, environmental decay,
etc.). A last phase ofeurbanzation may happeis the centrifugal forceslwindle and the
attractiveness of the center is reestablishéd.simultaneous movement of people towards
rural areas situated in or near protected natural areas may be present. This phenomenon,
coined asnaturbanizatiohy Prados (2005)finds its roots in peoplavho are discontent with

the urban lifestylandvalue a higher contact with nature.

The urbanlife cyclereceival some theoretical support from he socalled environmental
Kuznées curveln 1955, the Nobel laureate Simon Kuznets suggested that income disparities
increased with economic development during a first phdme started to decrease as the
economic development crosdea determined thresbld. An extension of this model proposed

a similar U shaped curve relating income and environmental quality argument for the
environment al Kuznet3®s curve is t hepefcapitd owi ng:
rises, society takes greater cavath the quality of environmental amenitielsafmbin, 2004 at

the same time, the economic transition from an inditto a postindustrial phasedriggers
environmental improvementsCamagni, et al., 1998This cycle of environmental degradation
followed by environmental amelioratiopartially explains the agglomeration economies and
diseconomies embodied in the urbhfe cycle

NeverthelessHaughton & Hunter (1994)Capello & Faggian (2002hd Turok & Mykhnenko
(2007)warned about the simplistic nature of the cycle, which remains empirical and lacks solid
theoretical grounds. It describes the patterns of population movement but does not provide a
solid explanation for them. In addition, thettkag t or y of the environment al

verified only under particular

Local City-Regional Global
(e.g., Sanitation) (e.g., Ambient Air) (e.g., Carbon Emissions)

conditons, namely for local and

A e,
% K short-term problems [ambin, 2004
>
[ . agr
il Figure 3.37 exemplifies how the
£
(%] . . .
8 improvement of local conditionds
o
[= o . .
R accompaniedby the worsening of
Increasing Wealth other issues at larger scalds. China,
Poor Settlements Wealthy Settlements Van Dijk & Mingshun (200%5¢ported
Shifting Environmental Burdens similar patterns of environmental
Local » CGlobal . .
P e B degradation at the city level caused by

Threaten Health Direcly =) Threaten Life Support Systems economic growth

Figure 3.3-7: Envir onme rutva &t difleren
scales as adapted by McGranahan & Marcotullio. Si
McGranahan & Marcotullio, 2005
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Urban life cycle probably explain the emergence of the metropolitan areairduthe 20
century as anew form of human settlementMetropolis emergedwith the expansion and
sprawl ofnuclea cities. Yet, the complexity of urban systems probably explains whyrédiffe
phases of the cycle may -&xist simultaneouslyCouch, et al. (2007) argue that the
coincidence of raurbanisation with urban sprawl constitutes one of the most important

changes in European urban material cultures over the past two decades.

Sprawl and land cover changes

Despite the vast literature about urbanpsawl and an agreement about its general

characteristicsa more technicahnd quantifiedlefinition is still lackingChin, 2003. The wide

range ofmeaningdound in literature requires caution when comparisons betwediiferent

research methodologies are madé&till, dfinitions can be grouped according to the

characteristics they emphasizeulton, et al. (2001)and Ewing, Pendall, & Chen (2002)

considera territory assprawhgwhen land is being consumed at a faster rate than population

growth and agdensifying’hen population is growing more rapidly than land is being consumed

for urbanization On the other hand,Transportation Research Board (200@nores the rate

of land consumption as an indicator aowhsides as sprawling onlgonuban countieswith an

“outl i er pu po gopulatienror employnest groveh. $pécifically, they employ the

following sets of criteria:

1. (@the county3s growth r at eeciosnoimi abnbadrcaumpypser gqua
household and employenn t growth rates; (b) the county?3
average annual nati onal county growth rate; e
exceeds 40 percent of the average annual absolute county growth; or

2. The county3s abs xdeads 60 dereentof the avieragg anoualtatsolute
county growth.

It is important to note that the aforementioned criteria exclude urban areas from sprawling by

definition. Another possibilitadoptedby other researcherss to classifysprawlaccording to

its density and spatialevelopment patterns. The following characteristics are mentioned by

Ewing, et al. (2002Chin (2002)and Frenkel & Ashkenazi (20083 population that is widely

dispersed inlow-density scattered, and discontinuous expansion developn{ént e a p;f r o g

segregation of land uses; a network ofids marked by huge blocks and poor access; and lack

of welldefined, thriving activity center&renkel & Ashkenazi (200&)clude what cold be

considered, in principle, a consequence of sprawl and not a defining characteristitashize

use of private vehicleShe density gradient from the city centavas employed bylLewis &

Brabec (2005)nd Couch, et al. (2007}o distinguishurban growthfrom urban sprawl: all

other things being equal, urban growth will cause the density gradient line to shift to the right

whilst retaining the same gradient, whereas urban sprawtedllt in a lessteepgradient line
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(Figure3.3-8). Couch, et al.¢classified mtropolitan regions through theomparativeanalysis of
population trends in the core citand in thesuburbs.Sprawlbccurs when density growth in
the suburbs outpaces that of the center when density declines faster in the center than in
the suburbs;containmenbccurs in the remainingcases This definition defies the common

sensen the case ohdeclining regionhat is in additiorclassifiedas sprawling
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Figure3.3-8: Distinguishing urban sprawl from urban growth. Sou@euich, et al., 2007. 6.

Although t is not possible tostate which of the definitiongnentioned abovdor sprawlis the

most correct, the combined analysis of at least population and land use trends is
recommended to honor the mayity of literature. The definition depends on whats being
measuredand for which purposes: itmay change if the inteion is to describe landscape
evolution or, on the contrary, to illuminatethe patterns of spatial development often
associated with paicular sociceconomic conditions and travel behavioBerhaps a more
promising option is taegard the concept as a continuous sc@lewis & Brabec, 20Q5nstead

of fixing specific thresholds to distinguish sprawl from densification. When a consensus method
of calculation is agreed on even if some arbitrariness imevitable - a higher rigor will

probably beachievablevhen investigatinthe consequences alprawl.

Drives of urban sprawl

Urban sprawl can be understood differently depending on the scale of analysis. At a national

level, the trend- at least in Portugal is clearly towards the concentration of people in larger
metropolitan regions arques, 2004 The influx of inhabitanti cities requires new housing

and therefore the expansion of <cities3 boundar
expandig physically and increasing their urban ar€auch, et al., 200, so other factors

must account for the observed trends. In this section, theltilevel structure of urban sprawl

proposed byCouch, et al.will be employed as guidance through the main drivers of this

process(Hgure3.3-9).
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Macro - meso - micro model of urban space I

Political-economic paradigms and trends

Globalisation, cheap energy, reduction in transport costs, rising
real incomes, failure to account for socio-environmental costs of

production and consumption, declining household size, ideology
of property owning democracies

v t

'I Governance: planning, regulation, advocacy and fiscal policies I"

v i<

. Place-specific contexts:

Local ecnomic,

Local geography Local demography
and environment and migration cpltural a'n.d
social conditions

Local governance: Local governance
organization structure policies and actions:
and capacity regulations spending

Individual decisions and actions:
Amount and nature of personal housing investment; household
> location; places of work, retailing and leisure; —
Journey frequencies and modes; other consumption tastes and
preferences.

v t

Sprawling and urban sprawl I

Fgure 3.39: Multilevel theory of urban sprawl. Sourcgouch, et al., 2007

C Drivers of urban spraw Economic context

Kates & Parris (2003nticipated a number of trends that Wiharacterize theXXI century.
Globalization, economic growth and the facilitated movement of people are among those
trends. The positive feedback loop between globalization, economic growth and urbanization is
well established (seee.g. Haughton & Hunter, 1994; Schneider, 2006; UNFPA, 2007
Contrary to the expectation that technology would allow people to spread though rural
territories and adopt distance working, human concentrations within the new global economy
are increasingly importantMcGranahan & Marcotullio, 20p5The influence of economic
growth on urban sprawl is therefore exerted via the stimulus given to people to migrate to
cities, where most of the opportunities and power are concentrated. In cities, immigrants
increase thedemand for cheap housing in the periphery and consequently stimulate urban
sprawl.

The influence of globalization is also exerted through structural changes in economy.
Globalization has been driving to higher economies scale in the sectors of distnibantid
retail over the past decades. In tlifties most shops were small and mixed with other uses in
the urban matrix- a typical pattern in the traditional Mediterranean citi€mmercial and

transport areas are nowadaysuallylocated in the outskirs of the city near highway nodes
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where theyact as prime motors of sprawl. Artificial areas devoted to theses uses, loave
averagegrown twice as fast as residential areB&A, 2006p

Banking plays a fundamental enabling rolerban sprawl as well. The availability of kbagn
mortgage has dramatically increased the number of families being able to enter the real estate

market, inflating prices and demand for new suburban hou§iagdgh, et al., 2007

C Drivers of urban spraws Historical origins

Sprawl in the United States and in Euroglgare many common characteristics but have also

di ssimilitudes. Because of Europe3®s ancient hur
conserve the distinct urban forms built during each historical and development pesgs] (

e.g,Lamas, 2000

Beforetheniet eent h century, suburbs in Europe ~house
malodorous trades, cheap inns, posting u s e s, stables for post hor s
(Braudel & Reynolds, 1992 Chaucer 3s Canterbury Tales descri
alleys where robbers and thieves instinctively huddle secretly and fearfully togdihés is in

striking contrat with the prevailing view of suburbs as qualified places in most of Europe and

United States (perhaps not so much in Portugal, where suburbs remind the bad feelings of

ghettos and alike).

Falkowski (2004) pointed out that Africalmerican soldiers in theUnited States were

segregated from white soldiers during World War Il and worked in factories to support the

war effort. To help reintegrate veterans of war back into society, the Congress passed new

laws facilitating the purchase of sinfdenily house®utside of urban centers. The growth of

suburbs was actively stimulatedit symbolized the American dreanMtHarg, 1969; UNFPA,

2007). The fact that AfricasfAmericans were not eligible for the housing subsidies initiated a
“"white flightpy and iaciahstgregatiatne®mnAimerigaa prabtem thats ed t he
remains extremelyseverein most United Statesmetropolitan areas nowaga (Altshuler,

Morrill, Wolman, & Mitchell, 1999

In Northern Europe, sprawl is associated with pastoral utopias, antiurbanism cultural
representations which favored the movemeot elites and middle classes to the detached

houses in the countryside. This is esp#gigisible in Malmé and around Stockholm. In Eastern

Europe, because of the legacy of statmtrolled economy, sprawl has been greatly regulated

and only after the collapse of the Soviet Union did investmestssted in the periphery

Investments werenade primarily in shopping and retail centers and only to a lesser extent in

housing Couch, et al., 2007
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C Drivers of urban sprawb Social factors

Migration to the cities not only drives urban growtlbut is also a fundamental cause of
suburbanization. Many immigrants, either coming from other countiefsom other cities in

the same country, usually seek opportunities for a better standard of living and cannot bear the
costs of living in the centerSatterthwaite, 2006 Therefore, they tend to settle in the
suburbs, where housinis affordableGouch, et al., 2007 Rural migrants often bmg a legacy

of higherfertility levels and contribute to the growth in the numbers of young people coming
of age, forming their own households, and using land for dwelling units and for some type of
productive activity lambin & Geist, 20Q6In Portugal, particularly in the municipalities around
Lisbon, this is obvious given the high concentratiorAfifcan peopleliving in social housing
(Ferreira & Vara, 2002

Sprawl is also stimulated by the desire of many families to live in a larger house surrounded by
a rural ambiance, and far from the problems typicéluoban settings (criminality, social
problems, pollution, noise, traffic congestion, stress, poor aesthetic quaktyA,( 2006b;
Lambin & Geist, 2006; McGranahan & Marcotullio, 200&talan, et al. (2008rgued that this

was especially true in the first industrial cities, which were overload with congestion, pollution
and disease. The builp enviroament may also be considered unattractive because of poor
urban planning, with areas lacking green open space and sports faclltieadni, et al., 2002;
EEA, 2006 In addition, most people value the increaspdvacy they can achieve in a
detached house of their ownQhin, 2002. This is related with the distribution of amenities, a
subject studied with particular attention B/u (2006) His results suggest that urban sprawl
and jurisdictional fragmentation are more likely to occur in a society with a high degree of
income inequality and a large variation in environmental ameniGesiously, Irwin &
Bockstael (2007jound that proximity to the Chesapeake Bay was negatively associated with
fragmentation, suggesting that an attraction effect associated with the natural amenity has led
to a more compact pattern of development.

The decreaséan household size is another driver of urban sprawl. In the United States and
Europe, the average household size has shrunk to fewer than three, and the proportion of
singleperson households has risen to 25% in Europe and 20% in the United States
(McGranahan & Marcotullio, 20p9n Portugalvery much the same has happenadording

to INE - Statistics Portugal (INE3ingle persormouseholds have increased from 13,8% in 1991
to 17,3%in 2001. In Europe, new households are expected to account for the construction of
12,5 million dwellings in the period 20005, and another 11,5 million in 20@H10
(McGranahan & Mapotullio, 2005. Even in face of natural population decrease or a stagnant
urban population, new household formation is leading to continued urban expansion and to

higher pressures on the environmerRitacha & Marcotullio, 2003
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C Drivers of urban sprawp Fiscal systerand institutional factors

Land prices and land speculation can be powerful drivers of sprB®A,( 2006p The
extremely low price of agricultural landcompared tothe price of already urbanized land
creates an incentive for agents urbanize theformer and retain the significant surpluslue
created by urbanization.réfits are much greater when cheap undeveloped land is urbanized
compared with urban renewal projects of conversion of brownfielG@aragni, et al., 2002;
Conselho Nacional do Ambiente e do Desenvolvimento Sustentavel, 2004; EEA,).2006b
Lambin & Geist (2006noted that newly urbanized land was often of great quality for
agricultural purposedn Portugalthis is awell-known fact, as renewalprojects according to

INE, account for less than 20% of all real estate projects. Agricultural land is pottethe
market when accessibility is increased through the construction, for instance, of a highway. At
the same time, in the urban center, land is ofteetained undeveloped and its price placed
above its current market value in anticipation of future demand for higher valug(Bssgland

& Soots, 200Y. Chin (2002)remarks that, over a long time period, land speculativeates an
efficient allocation of land uses because land is later developed at higher densities as infill
development or is used for higher value commercial uses. The difference between effective
land prices and their market values thus determsiifedevelopment occurs primarily as infill in

the center or as sprawl in the periphery. Fiscal policies may be set to curtail the surplus values
retained by the speculator, reducing the gradient of prices between the center and periphery
and effectively combatndispersion YNFPA, 200Y. At the same time, because policies
against speculation cause a reduction in land prices, housing becbesser as well.

Fiscal policies at the national level often conduce to undesirable outcomes, but coordination
between those policies at different levels of government is another impqriattcommonly
overlooked cause of suburbanizatiomNétional Round Table on the Environment and the
Economy, 2008 As the message sent to buyers and invest@rsontradictory; it is likely that
effectiveurban planning is undermined.

Roseland 85oots (2007)added that landise planning rarely addresses laagm or life cycle

costs, and as a result taxpayers often end up paying the hidden costs of development
infrastructure (roads, sewage, etc.) and equipments (schools, health centers, etc.). As
developers do not have to bear the costs of urbanization, there is an awkward incentive to
sprawl instead of to direct investments to urban centers, where infrastructure and equipments
are already in place.

The role of institutional factors in the process suburbardation must also be emphasized

Competition is great among adjacent municipalities for tax revenues, jobs, and services. Thus,

% Includes restoration, extension and conversion constructions.
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many municipalities relax controls on the development of agricultural land and offer tax
benefits for those who makkrge investments in the municipali§gmagni, et al., 2002; Chin,
2002; EEA, 2006b Often, this competing behavior of municipalities is encouraged by
inadequate fiscal bylaws at higher levels of governance.

Spiawl is stillpromoted by existing plans advocating excessive zoning and segregation of land
uses Couch, et al.,, 2007 Ideologies such aka Ville radieyséegacy of the modernist
movement inspired by Le Corbusier and by the Charter of Athens (1933), much contributed
to the creation of functional zones far from eadther and mainly accessible by caia(l,
1988/2002.

C Drivers of urban sprawt Transports and ammunications

Australian economic historian Frost (1991), as citedNiewman (1999)divided the Westen

cities in the nineteenth and twentieth centuries into two distinct typascording to their
spending on infrastructure: the traditional hidhnsity cities of Europe, east coast North
America, and east coast Australia (London, Paris, Berlin, SaintsBetgr New York,
Philadelphia, Chicago, Sydney), which directed a high proportion of their capital into industry
and less ito urban infrastructure; and the new frontier towns of western and southern North
America and Australia (Los Angeles, San FranciSeattle, Denver, Melbourne, Perth,
Adelaide), which, on the contrary, directed a higher proportion of their wealth into
infrastructure. The traditional cities promoted human and industrial concentration, while the
new frontier cities stimulatedow-densiy development and sprawl. As a result, sprawl in the
traditional European cities started much later than in the new frontier cities, althdaigin
sprawl wasstill associated with developments in the transport sector. These advances in the
transport and ommunication systems have spurred the emergence of new urban forms that
would have beerunconceivable with older infrastructure and technology (Altshuler, 1979, as
cited in Mindali, Raveh, & Salomon, 2DOMedieval cities, whose reticulate of paths and
buildings still amaze citizens today, were designed for walking distances because walking and
horsedrawn carriages were the main transport mean at the tindmgs, et al.1998. The
introduction of horse drawnand then the electristreetcarsbetween 1830 and 1900 enabled

a number of people, especially from the middle and upper classes, to move from the,center
whichwasshared by differensociceconomic classeat the time.

Although current perception would hardly consideprawlthe first wave of city expansion, it

was in fact the very beginning of a continuing trend of population decentralization across vaster
territories. The construction of suburban railways, in the @end half of the nineteenth
century, substantially accelerated the procegSselfch, et al., 2007 In London, suburbanization
started with the extension of the rail network in the 1860s, producing a radial pattern of

urbanization along the routes. The latter development of a more widely spread, circular
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pattern of growth was a consequence of the bus network, which complemented the rail in
reaching territories not served by the main infrastructu@h{n, 2002. Dissemination of the
automobile started in the early twentieth century antbbght, especially after the World War

II, a change even more profound in the urban structure than the onesaxh by the train
(Anderson, et al., 1996; Newman, 1998ecause cars and trucks were twice as fast, and
becauseheir variable costs were half of those of the horse and wagon, people and industry
moved further away from the center where land and commuting costs were loweansg, et

al., 1998; Deal & Schunk, 2004; Ma@ahan & Marcotullio, 20051t was the advent of the
automobile citfNewman, 1999 It is interesting to note that, along with the evolution of
transports, gegraphy became less and less important in constraining which placesonveee
urbanized. Older cities essentially relied on walking, even when served by the railway, and
proximity between people and businesses was necessary. Cars somewhat delinked people
from the geographical constrains: for the first time, the automobile provided its owner with
the freedom to choose residential locations far removed from the workplace, and allowed for
the development of areasot served by public transportatioAnderson, et al., 1996In the
United Statesthis prompted the emergence of a new form of automobile city near the nodes
of express highways: therlge citie@\nas, et al., 1998; Garreau, 1991

More recently, the globalization of information technologieshsas the internet has motivated

a debate about their future impact on urban forms. Some authors contend that information
technologies will drive urban development towards an even more sprawled fuAudirac,
2009, but others consider that there ikttle evidence to support it (Gillespie, 1992s cited in
Anderson, et al., 1996 Rather than leading to the dispersal of cities, information technologies
could instead be associated with the concentration of urban activities into nodal centers
(United Nations Center for Human Settlements, 2001b

The link between sprawl and transportation is explained by a surprising evidence: no matter
how the accessibility is changed, an average commuting time of about 30 min seems consistent
across differat city types, regions and modal sharedegvman, 1999; Poulit, 2007 In
Portugal, travel times from home to work have been stafileround 20 min as observed in

the 1991 and 2001 Censudespite the enormous investment in highways since dighties
Instead of promoting faster commuting times, increased accessibilitiesrttiggmovement of
people and jobs to new locations maintaining about ahw@if travel time Newman, 1999

Also, because larger territorial areas become actdssto people, densities are pushed
downwards.

Improvement of the transport infrastructure may not decrease travel times these
investments ardar from beinga zero sum equatiorPoulit (2007)has shown that travel time

and job attractiveness are related through an exponential function: anaisetia travel time of
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10 min is enough to reduce the attractiveness of a job by more thanhatk and an increase
of 20 min by more than five times. At the end, the consequence of improved accessibility
even considering the influence of sprawis a region with a larger catchment area extending

its influence over vaster territories.

Econometric models

Numerous factors influencing urban sprawl have been described. However, is it not easy to
relate them in a meaningful way. The model suggeste@dah, et al. (2007)for instance,
constitutes a usefulist of relevant variables at different levelsut does not explain nor
provide insights into theelationship between factors, their role or their relative importance in
causing sprawl. That is haydi surprise given that scientists such as Eric Lambin recognize that
no consistent theory explaining land use changes dkainbin, 2006 Over the last years
however,there has been a tremendous effort imodelingland use changes in urban settings,
and novel approaches such as cellular automata or agent based models are yielding promising
results Lambin & Geist, 2006 The rationale foragentbasedmodels is that different actors
behave differently and havheir specific motivations. An example is that families with small
children are most likely to move to suburban areas outside the city; and that, in contrast, the
elderly and single are least likely to leave the urban ceM&@ranahan & Marcotullio, 2005
Modelingthe behavior of specific groups of people has also been carried o@olgh, et al.

(2007)

Classical models are more helpful in illustrating the relevant relatipadietween the drivers

of urban sprawl. T h erent themry and thea llotkaVotienra predajon e n 3 s
prey model have been adapted to such cadgeapgllo & Faggian, 2002According tothese
researches, who employed a panel model relating population change and urban rent, urban
rent plays the role of spatial resource allocator because it influences location choices. An
increase in urban rent pushes residential and production activities towards thehpeyi

which is characterized by lower land prices. The inverse is also true: house prices are
influenced by demographic changes in the previous period. This is because a household
chooses the residential location that provides the best tradeoff betwead leosts and
commuting costs. Wealthier households live in suburbs because the income elasticity of
demand for housing is larger than the income elasticity of commuting cdais 2006. The

bid-rent theory has obvious connections with the urban cycle descritbefdre, whichincludes

bi

the process of sprawl. Capello & Fag§ism r esul t s provide an economet

brief, an increase in the demand for housing raises urban rents and pushes population out of
the core areas; this causes a decreaserban population, lower rents, and the birth of a new

cycle (thereurbanizatopohase in Berry3s model ).

153



3| Urban sustainability and sustainable territorial structure

Other empirical models lacking a solid theoretical framework have also been apfligzh, et

al. (2001)analyzed all metropolitan areas in the United States between 1982 and 1997 and
concluded that those areas growing more rapidly in population, relying more heavily on public
water and sewer systems, and having hidaeels of immigrant residenttended to consume

less land for urbanization relative to population growth; metropolitan areas tended to
consume more land for urbanization if they were already characterized by high population
densities and if they had frmented local governmentdlielsen (2007)cited the results of

three econometric models at the regional or city leweith the similar purpose of explaining
urban land us€Table 3.3-2). Because urbaland use, and not the change in urban land use,
was modeled, population appears as an important explanatory variable in the three models.
Schneider (2006)in simple bivariate analysis performed with data from several cities around
the gbbe, has found a limited relationship between urban expansion and population change.
Nielsen has also performed a multiple logistic regression to explain the change in urban land
cover in either NUTS Il or NUTS Il regions (so that the size of units wdwddas similar as
possible). Results are shown irable 3.3-3 and suggest that, holding the other variables

constant, urban growth is higher in less urbanized, dense, and wealthier regions.

Table3.32: Comparative studies of drivers of urban growth at the regional level. Soblieésen, 2007

Source:

Reginster et.al, 2006:
Scenarios of future urhan
land use in Europe

Angel etal, 2005:
The dynamics of global
urban expansion

Alig etal., 2004:
Urhanization on the US
landseape: looking
ahead in the 21%° century

Data coverage,
tme and units:

European NUTSZ
regions, PELCOM land
cover data

Sample of %) cities
across the world,
Landsat data, 1990 &
2000

LS counties, MR data,
four years (data points)
from 1982 to 1997

{ Maximum slope -)
{Agricul ural rent -)
{Cars per capita +)
Shallow ground water +
Climate differences +/-

Dependent Percentage of urban land | Urban land use in sq. km | Proportion urhanized
wariables: use, 2000 148 2000 (twro data {logit transformed),
paints per city)
Change inwrban land
1949 0-2000,
Independent Population Population Population density
wariables: GIIP per capita Per capita GDP Per capita income
Unemployment rate Mational share of [P Value of agri. pro.
Participation rate addresses Metmpolitan
Air linkages 7 regio-dummies
Maximum slope
Agncultural rent
Cost of fisel
Cars pr. capita
CGiround water
3 climate dummies
Analysis: QLS OLS, linear and log- aLs
linear GLSs
Conclusion with Population+ Population = Population density =
respect to drivers: | GIP per capita=+ Income = Per capita income =
Share of 1P addresses = Metmopolitan
{AIr links =) Regional differences =/~

Level of
explanation:

Adjusted R-square in
(LS regression= 10,911

R-square in cross-
sectional analysis of
urhan land=0,79; in
loglinear analysis of
urban expansion={, 84

Adjusted R-square in
QLS regression= 0,60
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Table3.3-3: Predictors of urban land cover growth between 1990 and 2000. Variables are ordered by

their importance. SourceNielsen, 2007

Corowth in urban land cover 1990-2000
EL25 ELU15 iRy Ll
1 | Urban land 1990 (-) Urban land 1990 (-) Urban land 1990 (-)
2 | GDP/capita (+) Population density (+) Crowth in population {(+)
3 | Growth in tourist beds (+) Maximum slope ()
4 | Gross value added/Ha (+) Growth in population (+)
5 | Population density {+) Cirowth in cars/capita (+)
6 | Growth in population {+)
7 [ Maximum slope (-]
8 [ Growth in GDP/capita (+)
9 | Growth in agricultural
cutput per Ha (<)
10 | Growth in Cars/capita {(+)

Similaly, Hu & Lo (2007)performed a spatially explicit logistic regression (resolution = 225 m)

to identify the demographic, economic and biophysical forces driving urban growth between

1987 and 1997 in the Atlanta Metropolitan Area. They identified two geowf factors

influencing the probability of a cell being converted to urban use: distance t@eahtral

business districtnumber of urban cells within a ¥ 7 cell window,cell not beingurbanized,
and UTM northing coordinate, all with odds ratidsghe than 1; and population density,
distance to the nearest urban center, and high or low densityanruses, all with odds ratios

lower than1 . Hu?3 s

and N i

el

senss

analyses do not allow straightforrehcomparisons.

resul

ts

may

seem C

Models are extremely important in helping us joining several components together, but it can

be cumbersome to detect relevant missing variables or to collect the necessary data to run

t hem.

For i

nstance,

Hu 3 atial disiribgion offamenities that/ti o

(2006)identified as relevant in predicting urban growth.

Empirical data about urban cyalesngrowth and sprawl

consi

It is estimated that builtip or impervious surfees occupy roughly between 2% to 3% of the

Earths3s
surfaces already amount to 470 million ha and are rising fast due to suburban siaevti(

et al., 200%. Cities are expanding faster than their population, and soitiescare expanding

| laamhih & SGeist,f2@06 Tehis ifhay eem a small proportion, but artificial

their territory despite experiencing a population decline. Between 2000 and 2030, world urban

population is expected to grow 72%, while builh areas in cities with 100 thousand or more

inhabitants shall increase by 175%. As a consemgjeduring the last decadéhe average

population density in citiedeclinedat a annual rate of 1,7% in the developing countries,aind

a rate ofof 2,2% in developed countrie IFPA, 200Y. Some of the most rapidly growing

cities can be found in Eastern and Southeastern Asia and South Ameriemcé3.3-10 and
Figure3.3-11). In China, for instance, Seto et al. (2002), as citetldmbin & Geist (2006)
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estimated that the region of Pearl River Delta increased its artificial surfaces by 364% between

1988 and 199 6-up aBa expakded ffos 67oKari 1953 to 426 krin 1990
(UNFPA, 2007,

Urban Land Use Change vs. Population Change, 1990-2000
T T T
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Figure3.310: Annual change in urban land against theuahghange in population for several cities
(1990 2000). SourceSchneider, 2006

156



3.3| Urban form, growth and sprawl 3.3.3| Urban lie cycle

C Empirical data about urban cycles, urban growth and sprawlows between land use

classes
Expansion of cities must be made at the expense of previous larsl lusebin & Geist (2006)
referred that a larg share of urban growth is likely to take place on prime agricultural land
located in coastal plains and in river valleys. This leads to the concept of land use flows, which
refer to the gains and losses of land area between different land use ggés 2006a
In developing countries, D66s (2002), as cited.@ambin & Geist (2006stimated that ondo
two million ha of cropland are taken out of production every year to meet the demand for
urban and industrial uses. The pattern in the United States is similar: suburban roads and
houses supplant more thene million ha of farmlangher year (O'Meara, 199% In China, Seto
et al. (2002), as cited ibambin & Geistfound that about 70% of the urban expansion between
1988 and 1996 in the region of Pearl River faekas converted from farmland.
Land conversion to urén uses in Europe is much slower than in the United States. A detailed
study byEEA (2006ayvith data obtainedrom the Corine Land Cover project has shown than,
in 24 countries, agricultural land lost to urban uses amounted to 811 thousand ha between
1990 and 2000Kigure3.312 and Figure3.3-13). This must be added to the 150 thousand ha

of forests, semnatural vegetation and open spadhat were also converted to artificial areas.

Origin of urban land uptake as % of total uptake
0.4 %
Open spaces 0.3 %
with little ~ Wetlands 0.5 %

] | ’
5.7 or no vegetation Water bodies

MNatural grassland,

heathland,
sclerophylous
vegetation

9.0 %
Forests and transitional
woodland shrub

48.4 %
Arable land and
permanent crops

35.7 %
Pastures and
mixed farmland

Figure3.3-12 Landtake by artificial development 24 European cautries (1990 2000). SourceEEA,
2006h
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Land uptake by
mines, guarries and
waste dumpsites

Land uptake by ]

transport networks and
infrastructures

Land uptake by
industrial and
commercial sites

Land uptake by
housing, services
and recreation

O ) ) O O
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Figure3.313: Flows to urban land uses (ha) according to their final use in 24 European countries

(1990 2000). SourceEEA, 2006b

A wealth of data concerning Portugal, much of it from the Corine Land Cover, is available as

well. A valuable graph prepared Baetano, Carrdo, & Painho (200#strates the land use
flows that occurred between 1985 and 200Fidure 3.314). The transition of forests to
artificial surfaces (21 thousand ha) a&hd transitionof agricultural areas to artificial surfaces

(33 thousand ha) are among the most important changes.

Territorios

18

P Agricultura

Vegetagdo Agricultura com

& areas naturais

Figure3.3-14: Flows between land uses (thousand ha) in Portugal (ZZ8®). SourceCaetano, et al.,

2005

C Empirical data about urban cycles, urban growth and spraivends and patterns of urban

sprawl in the United States

The study of sprawl across the United States metropolitan regions carried o&ulign, et al.
(2001)showedt hat ur bani zed | and grew at a much

urbanized land increased by 47%, from approximately 21 million ha in 1982 to &h tdlin
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1997. During this periogpopulation grew by only 17 percenthich led todecreasediensities

in 264 out of the 281 metropolitan areas studied. These trends diverged across the country.
The South accommodated a great share of population growttihat expense of a large
amount of previouslynonurban land. In the Northeast and Midwest, slgnowing
metropolitan areas have consumed extremely large amounts of land for urbanizatoder

to accommodatea very small population growthThe map proposé by Theobald (2005)
depicts these sprawling trendBigure3.3-15).

Figure3.3-15; Landscape sprawl metric values for the United States in 2000 and averaged by county. A

darker color indicates more sprawl or greater effect on the landscape. Sotrambald, 2005

In another landmark report, theTransportation Research Board (2002arried out a
projection of population growth and sprawl in the United States for the period 2Q0Q5.

They concluded that a large share of the fastest population growing areas will be found in a
relatively snall number of geographic units (threeit of 50 states and 40@ut of nearly 300
counties contained one third of the all household growth), and that sprawl and population
growth will take place to a much greater degree in the South and West than in théhBast

and Midwest.

New methodologies are being used to study the patterns of sprawl and population growth.
Using selected landscape metrics such as patch density, mean patch size, pedraster

ratio and contrasting edgérwin & Bockstael (20070emonstrated a significant increase in the
fragmentation of developed and undeveloped land between 1973 and 2000 in theofastg

state of MarylandTsai (2005) i n tur n, used the Moran3®s | ndex
investigate the distribiin of population and employment in the 219 United States

metropolitan areas with less than 3 million people. The empirical data revealed that population
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and employment are concentrated in certain sareas of the metropolitan area (as given by

the Gini ceefficient), and that twahirds of the metropolitan areas have populations that are

spatially clustered (as given by the Moran coefficient). It is difficult to compare the results of

the various studies because reliable standards are lacking and becdlises amployed

differing methodologies and definitions of sprawl.

Sprawl is also evident from city level data. In the last 25 years, the population of New York

grew by 5% and its urban surface by 61%. Phoenix, Arizona, occupy an area three times are big

asLos Angeles despite accommodating a smaller popula@Gmar@det, 1999/200Y. In Greater
Chicago, population grew by 38% between 1950

Austria

- and 1990 and spread over 124% radand; in

elgium
Bulgaria metropolitan Cleveland, population increased by
Crozatia

Crech Republc 21% during the same period while the city
Denmark

extended through 112% more landD'Meara,

Estonia
France 1999 .
Germany

Greece

C Empirical data about urban cycles, urban

Hungary
Traland growth and sprawl> Trends and patterns of

Italy
Latia urban sprawl in Europe

Lithuania

The scale of urban sprawl in Europe is not as

Luxembou rg

Netherlands great as in the United States, but a recent
pP:a;: report published byEEAhas c#ed attention to
F:w::a this problem The subtitl e,
S'ie“fa challenge is instructive. Ireland, Portugal, Spain,

Un'rtedl-cing::::I Netherlands and Greece were the countries

0 05 1 15 2 25 3 35
% of artificial area 1990

whose artificial surfaces grew faster between
Figure 3.316: Mean annual &ficial surfac 1990 and 2000Rigure3.314). Amual growth
landtake by country (19902000). Sourci rates of around 3% were observed, much higher
EEA, 2006a than the average ratef 0,6% obtainedor the

23 countries studied. Ireland, Portugal and Spain
had a verylow share of buitup surfacesn the reference perioddround 1,11,4% in2000),
which ma have exaggerated the perceived amplitude of land use change. Besides these trends,
in 2000 the countries with a higher share of urbanized land were still Belgium, Denmark and
the Netherlands EEA, 2006a
Urban sprawl has been particularly intensive along the coastal regions of Europe, particularly
the Mediterranean. During the period 1992000, urbanization in the coast grew
approximately 30% faster than urbanizatianinland areaswith the highest rates of increase

(20- 35%) again in the coastal zones of Portugal, Ireland and Sp@ik, Q006H In the
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3.3| Urban form, growth and sprawl 3.3.3| Urban life cycle

Barcelona Metropolitan RegioiGatalan, et al. (2008jpund that urban expansion between
1993 and 2000 was six times as large as population growth. The largest increases were
observed in the mediursized cities of the region and ihé municipalities of the external part
of the first metropolitan ring. Istanbul is another good example of a fast growing city: in the
past 50 yearsthe growth the builtup area has expanded by 600% and the populajiem
from approximatelyone million to 10 million
(EEA, 2006p Other examples of sprawl in
coastal territories can be found in Porto,

Table3.3-4: Estimates of population density
gradients. Source: Clark, 1967, as cited\imas,
Arnott, & Small, 1998

Madrid, Marseilles and the nearby Rhoéne
Densit_\.-'Cmd:iﬂnf

City Year {per mile} valley, Milan, Bologna, Venice and the Veneto
London 1801 1.26 . 3
1841 0.93 region, and AthensQatalan, et al., 2008Most
1901 037
1931 0.27 European cities have beconwver the years
1939 0.23
1961 0.14 much less compact. In half of the urban areas
Paris 1817 2.35 ] ] )
1856 0.95 studied by the Moland project, for instance,
18896 0.580
igjé g;g more than 90% of all residential areas built
Frankfurt igg fl}:g after the midfifties were consdered low
Birmingham, UK 1921 0.80 density EEA, 2006 One consequence of
1938 0.47
Rangoon 1931 1.16 sprawl is the blur of boundaries between
1951 0.55
New York 1900 0.32 urban and rural land usesAs a result,
1940 0.21
1950 0.18 population  becomes  more  uniformly
Chicago 1880 0.77 L ) .
1900 0.40 distributed and the density gradients from the
1940 0.21
1956 0.18 center to the perphery tend to decrease
Los Angﬁ]ﬁs 1940 0.27
Baston 1900 0.85 (Table3.34).
1940 0.31 _ _
Sydney 1911 0.48 Although urban expansion has been persistent,
1954 0.26 . P .. .
Christchurch 1911 161 it reached the peak ififties sixties with an
1951 1.34

annual average of 3,3% increase in {fuglt
surfaces EEA, 208b). Turok & Mykhnenko (2007)argued that the decline of population
growth rates in cities since thsixtieswas the result of falling rates of urbanization rather than
the sbwdown in the birth rate. The diminishing agricultural population or the weaker urban
economies (less attractive for migrants) may help explaining those trends.

Besides the overall sprawling trend observed in most cities, they do slisvsepatterns and
trajectories of change. As proposed by the theory of urban cycles, cities and countries may be
in different stages of their development. The work@duch, et al. (2007)s suggestive of this.
They dividedeuropearconurbations into four group$Table3.3-5):

o the largest group is experiencing population growth and sprawl! at the same time. Cities in

this group exist in all zones except Northern Europe, with Western and Central Europe
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3| Urban sustainability and sustainable territorial structure

being particularly well represented,;

e asmall grap of citiesis managing growth with containmeng, population density in the
core city is increasing faster than that of the conurbation as a whole. Cities in this group
are found in Northern Europe and parts of Southern Europe under Greek cultural
influence;

e asecond small group of two conurbationdoth in Southern Europe is experiencing
population decline with containment. These cities are shrinking inwtrdgopulation of
the core cityis stablewhilstthe population othe outer urban areas declining

e there is a final group of conurbations that are both declining and sprawknthe density
of population in the center is falling faster than the conurbation density as a whole. The
majority of cities in this group are located in East&urope, although a number biited

Kingdomand Italian conurbations are also represented.

Table3.3-5: Patterns of population growth and sprawl across metropolis (12901). SourceCouch,
et al., 2007

Growth with containment Growth with sprawl Decline with containment Decline with sprawl
Aalborg Amsterdam Campobasso Birmingham
Aarhus Arnhem Kalamata Bratislava
Copenhagen Athens Brio
Larissa Banska Bystrica Budapest
Nicosia Berlin Leipzig
Stockholm Bonn Liverpool
Eiges Maribor
Brussels Miskole
Cork Prague
Dublin e
Eindhoven Tatanto
Cant Usti nad Lebem
Graz
Ko_sice Decline with containment Decline with sprawl
Leicester
L.'me"d( Cities with names in italics = small conurbations with a popu-
Linz lation less than 300000; Cities with names in bold = large
Lisbon conurbations with a population over 1.5 million people.
Ljubljana
Luxembourg
Nyiregyhaza
Paorto
Vienna
Warsaw
Weimar

Cities of Northern Europe are the only ones experiencingpplation growth and achieving
greater compaction at the same time. In Western Eurppk the conurbations sampled by
Couch, et al. (2007are growing with modest rates of sprawl. Dutch cities, for instance, are
combining high population growth rategith strong restraints on sprawlSouthern Europe
concentrates six of thelO European cities where urlbaexpansion is happening fas{&EA,
2006Hh.
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3.3| Urban form, growth and sprawl 3.3.3| Urban life cycle

Turok & Mykhnenko (2007¢arried out a more detailed examination of population trenlolst

did not analyze land use chang€&key classified the trajectories of 310 European cities over

the period from thesixtiesuntil 2005 into nine classes (here groupked synthesis purposes):

e the most common profile (30% of theities) was continuous growthr(ostly in France,
Spain and Germaljty

o 37% of the cities experienced meditterm or recent decline. These cities were mainly
found in Russia, Ukraine, Poland and Roia;

o 42 cities (14%) experienced a positive turnaround since X88&stly inthe United
Kingdom former West Germany, Belgium and Itgly

e 26 cities (8,4%), mostly in Eastern Europe, followed a discontinuous path. They grew in the
eightiestemporarily detined in thenineties and then returned to growth in the early
noughties’;

e only 13 cities (4,2%) experienced continuous or lbegn decline. Three of them are

located in theUnited Kingdomand seven in Germany.

Turok & Mykhnenko (2007¥ound that, since thelate nineties,large citiesrecovered their

rates of growthfasterthansmaller cities in spite of thediseconomies of scakessociated with

big cities. Moreover, natioal economic conditions, settlement structures and governance
arrangements seemed to influence the trajectories followed by cities. French and Spanish cities,

for instance, were the most likely to experience letggm growth. On the contrary, cities in

Rusga, Poland, Ukraine and Romania were the most likely to have a downturn since 1990;

cities in Belgium and in thenited Kingdomwere the most likely to experience a positive
turnaround. The discrepancy found tiomaganstt y3s tr
the existence of a broadly similar urbdife cycle " City r enultidimemsionaé i s a
phenomenon requiring a basHKwoké&DbykhnénkodZ20@7apt or s t o
175. Further research is neked to uncover the more difficult to graspgociocultural and

institutional factors that may help explaig the different urban trajectories, and why

reurbanizatioris happening in some cities and not in others.

C Empirical data about urban cycles, urbanvgtoand sprawb Trends and patterns of urban

sprawl in Portugal

Artificial surfaces have increased 42% (70 thousand ha) between 1985 and 2000, and
represented around 3% of the Portuguese terrestrial surface in 2Q@@tano, et al., ATb).
This growth has been padilarly significant around thmetropolitan areas of Lisbon and

Porto, along the coastline LisbeéBetubal and Port&/iana do Castelo, and more recently along

0 The current decade.
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the Algarve coastRigure3.3-17). The pressure on the coastal regions is becoming so intensive
that, in 2000, half of continental urban areas were located within 13 km of the coadflitre, (
20068. In the area between Lisbon and Porto urban expansion haalynaccurred near
highways and only to a lesser extent near the codadtano, et al.,, 2005As would be
expected, the maps of urban growth and population dynamics are similar, which again
demonstrates the importance of urbanizatipmocesses in driving the expansion of artificial

surfaceskigure3.3-18).

Urban residential sprawl
1 x 1 km grid

I < 100 ha

I 100-250 ha

I >250 ha

Urban residential sprawl
NUTS3 breakdown

[1 < 100 ha/year

I 100-250 ha/year

I >250 ha/year

Figure3.3-17: Spatial distribution of urban expansion (by NUTS 3 regions and byceitgl Source:
EEA, 2006a

Discontinuous urban fabric and industrial or commercial units were the most rapidly growing
classes of artificial surfaceSagetano, et al., 2005Corine Land Cover was the source of the
land use statistics provided. Althougborine Land Coverdoes not provide population
densities, the fact that discontinuous urban fabric (and not continuous urban fabric) was the
urban classhowing the highest growth is a clear indicator that most of the urban development
should be classified as sprawl.

Urban growth is generally happeniagound cities, but aturbanization mayelp explairng
sprawl in remote territories.| havecollaboratedin the investigation of land use trends in the
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National Park of Penedaerés, in the NortheastThis
work (Lourenco, Quental, & Barros, 20p%ound
evidence of both urbanization and naturbanization
processes since theighties a relatively large number
of people had moved from rural boroughs to towns,
and a smallerdw of persons had decided to abandon
urban areas and search for other ways of living.
Cartographic analysis showed that mosiban growth
took place in townsnear the major road corridors
andnearwater reservoirs | havealso participated in a

strategicplan for the municipality of Ponte da Barca,

part of which is also inside the National Park of
PenedeGerés, finding similar evidence of the

I Arcas regressivas ou estéveis

B Arcas dinsmicas concentration of people near town®uental, 2006h

Figure 3.318: Population dynamics
Portugal since the fifties. Sour
Marques, 2004

3.4 The impacts of different urban forms

The high concentration of people and businesses in cities lead to numerous impacts on people
and on the ecosystems. On thexties due to antiurban idealsgities were seen as untaal

and unsuitable for humans, asvas thought that excessive densiti@sre at the root of social
problems Newman, 2008k This vision is not supported anymore, since no causal relationship
between average city densities asakial problemdas been shown. Still, cities are associated
with numerous impacts, eithgositive or negativeand atdifferentscaleqFigure3.41). At a

local scale, problems such aspleasant living neighborhoodsaffic congestion noise and
impoverishedair quality are the mostelevant. Somdend to be partially solved as the city
develops (the envimme nt al Kuznet 3 sexplairuthisv lind ef epeohtems; t o
McGranahan & Marcotullio, 20p5Regional probleménclude changes in the hydrological
regime of rivers, water pollution ahecosystem degradation. The influence of cities is also
extendedto| ar ger scales through different routes.
greenhouse gas emissions in the atmosphere, where they contribute to the disruption of the
climate systemLikewise similar emission related impacts, this is a truly global impact. Another
impact route is through the appropriation of foreign carrying capacity, for cities are voracious

consumers of resources-0lke, Jansson, Larsson, & Costanza, 199¥simpactoccurs atthe
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specific placewhere resources are harvested. Howeves it occurs simultaneously at several

locations, it should be considered global as well.

Problem and Intra-Urban (Urban Systems as Urban-Region (Urban Systems Urban-Globe (Urban Systems
Characteristics Human Habitats) and Their Biospheres) and Global Ecosystems)
Priority problem identified ~ unhealthy and unpleasant living deteriorating relations with adjoining excessive “ecological footprints”
environments ecosystems
Urban areas most closely  low-income cities and neighborhoods large, middle-income, industrial cities affluent cities and suburbs
associated with problems
Indirect driving forces demographic change, inequality; trade industrialization, motorization; trade material affluence, waste generation;
and development that ignores ecology and development that ignores impacts  trade and development that
of infectious diseases and urban on adjoining ecosystems ignores global ecosystem impacts
ecosystem services
Direct driving forces inadequate household access to safe ambient air pollution, groundwater greenhouse gas emissions, import
water, sanitation, clean fusls, land degradation, river pollution, resource of resource and waste intensive
for housing plundering, land use pressures goods (linear vs. circular flows)
Megative impacts associat-  spread of infectious diseases, loss of loss of natural ecosystem services, global climate changs, loss of
ed with problem human welfare and dignity “modern” diseases, declining biodiversity, depletion of globally
agroecosystem productivity scarce natural resources
Temporal characterization of rapid varied slow

key processes

Example of historically sanitary reform pollution controls sustainable cities?
relevant response

Figure3.41: Problems in urban systems and ecosystem services at three diffgyatial scales. Source:
McGranahan & Marcotullio, 2005

Ecological footprint assessments have been providing data about the aggregated impact of cities
(see also sectior2.?). Despite methodological differences, such studiesriably show that

the footprints of cities are two to three orders of magnitude larger thére geographicor

political areas they occupyDéughty & Hammond, 2004; Folke, et al., 1997; Girardet,
1999/2007; McGranahan & Marcotullio, 2005; Rees & Wackernagel, 1996; Wackernagel, et al.,
2006. Studies concerning the metabolism of cities show in addition that their material and
energetic intensity is areasing, even if decoupling from wealteinedy, et al., 2007

Many authors are caution when they refer sostainable citjessurban areasre still following
unsustainable trajectoriegarticularly due to rising car dependées andmore intensive
consumption patternseg.g,. Beatley, 2008 Doughty & Hammond (2004, p. 1228fered that

c i t caenst bé viewed as sustainable in the limited sense of beirgu§iatient, reliant on

their own carrying capacity as a resource hase s i leé (2006, p. W Qargueedt h ahe -~
functional question of sustainability has become buaihlocal and local, as distant eceyms

are drawn into the consumption, investment and incetransfer choices made by the
residents of citiegt At the same time cities are also associated with positive impacts,
particularly onhuman capabilitieCities are also among societfesiost precious cultural
achievementsnimost citiesthere are buildings, streetand neighborhoods that form a central

part of the histoly and culture of that societyUnited Nations Centre for Human Settlements,

1996. Cities are the places wherecitizens can develop theicapabilies and profit from
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opportunities to a larger extentThese capabilies may be used as a souroé demaocratic
reinvigoration and creative energy from where solutions to the challenges of sustainability may
emerge (Giddings, et al., 2005Cities also repesent significant economies of scale in various
domains. The concentration of people in limited territoriemduces the consumption of land,
lowers per capitanfrastructurecostsand, most importantly, allows the cosffective provision

of public servies such as public transports, health care, cultural activities, green areas, and
curbside collectiorfor waste recyclingd.g. Anas, et al., 1998; Haughton & Hunter, 1994; Lee,
2007; McGranahan & Marcotullio, 2008pseland, 2005 Rees & Wackernagel (1996ave
called to this leverage effect tharban sustainability multiplidanother major and often
disregarded influence of cities in contributing to sustainabletbpment is through their role

in precipitatingdemographic transitiofBright, 2003; Daly, 1996; Hibbard, et al., 2007; McNeill,
2007; Sen, 1999/20p3as population growth is one of the most important threats t
sustainabilityldasgupta, 2007; Parris & Kates, 2003a

3.4.1 Influence on several sustainability domains

Different urban forms contribute differently to the aggregated impact of an urban Bigare
3.4-2 depicts the relationships between the built environment, mobility and travel decisions,

and environmental quality.

Built Environment
Land use patterns
Transportation infrastructure
Building crientation and design

i

Mobility and Travel Decisions
Vehicle miles of travel (VMT)

Direct
Effacts

Road congestion

Indirect
Effects

Environmental Quality

Habitat, Ecosystems, and Air Quality
Endangered Species Global Climate
Water Quality Naoise

Figure3.4-2: Direct and indirect effects of the built environment. SourEavironmental Protection
Agency, 2001

One of the often emphasized characteristics ofddve nsi ty ~ spr awl ithegp nei gh

monotony of their urban and human environment. Concerning this issue, Manuel Castells

mentioned:
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"These endless, endless suburbs, absolutely undifferentiated, which unfortunately

is not any more just an American feature, areas of the central citghvhil look

alike, such as the mass generation of posdern buildings. It is an idea of an

aggl omeration of activities and popul ation
which doesn3t have internal structures, a ju
which are destructured from the inside, that are unstructured in their

relationshipp Cdstells, 2000, p. 120

Diffuse urban forms, as opposed to concentrated patterns of husettiements, are also
associated withthe degradation of the urban center, higher disruption of regional ecosystems
due to habitat fragmentation and conversion to urban uses, higher operational energy
consumption, lower air quality at the regional scaled higher social costs, particularly on
infrastructure and equipmentsT@ble 3.4-1). Only in what concerns to water quality does

sprawl seem to have an advantage over compact land uses.

Table3.4-1: Effects of higher densities on different sustainability domains.

Domain Higher density or lower sprawl

Human capabilities .Associated witthighersocial capital antbwer population uniformity iHaughon & Hunter,
1994; Newman & Kenworthy, 1999

Dynamism of the .Contributes to the city center dynamism, vitality and reneviggdtley, 2003; Cappellin,
city center 2007; Newman, 1999; Sheehan & Peterson, 2001

Ecosystem services .Reduces ecosystem fragmentation and destruc#dbegfti & Marzluff, 2004; Deal & Schunl

and land 2004; Marcotullio & Boyle, 2003; McGranahan & Marcotullio, 2005; Naess), 2001

consumption .Reducs land consumptionGamagni, et al., 2002; EEA, 2006b; Pauleit, Ennos, & Goldin
2005; Transportation Research Board, 2P02

Air qualityand .Provide better urban air quality compared to disperse and nekvaities Borrego, et al.,
climate 2006; Ewing, et al., 20p2
.Contributes to the urban heat islandimeida, 2006

Water quality .Increase in thehare of buikup areas reduce the water infiltration rate and significantly
increase water ruroff (Pauleit & Duhme, 20Q0causing characteristically altered arftén

extreme hydrological conditions in riverélperti & Marzluff, 2004; Monteiro, 20D9

Noise .Lower noise levels in residential and natural environme@&ufs & van Wee, 2006
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Domain Higher density or lower sprawl

Residential and .Operational energy consumptigrer capitan detached houses is 350% higher than in
office energy attached dwellings except for higise buildingsEwing & Rong, 2008; Holden & Norland,
consumption 2005; Rickwood, Glazebrook, & Searle, 2p@ifferences between detaed and attached

houses have been decreasiftplden & Norland, 200b

. Relatively high housing densities can be achieved before a negative impact on the ent
demand becomes significaBt¢éemers, 2003

. The embodied energy of detached houses péigwsimilar to that of low rise buildings, bu
lower that high risebuildings Rickwood, et al., 2097

.Specific appliances and design measures may represent significant energy_saekwngsd,
et al., 200y

.Comparisons are difficult and depend on several assumptRinkwood, et al., 2007

Social costs .Reduces social costs related with infrastructures and equipmBwial(2001; Newman &
Kenworthy, 1999; O'Meara, 1999; Roseland, 2005; Transportation Research Boarj, 20!
.Commuting costs are small@EEA, 2006b; Newman & Kenworthy, 1999; United Nations

Center for Human Settlements, 2001a

3.4.2 Influence on mobility patterns

Conceptualizing mobility

Travel is regarded, from a utilitarian point of view, as a derived demaand \(Vvee, 2002 This

means that most of the times people travel because they need to reach a destination and not
because they enjoy tralling,i.e, the demand for travel does not derive its utility from the trip

itself. Travel behavior (which includes a characterization of the transport modes chosen,
reasons for traveling, frequency of trips, routes, destinations, etc.) is explainerktivadly as

the result of peopl e3s ne elhyshelacation ofleetwiiiecsand (t he
by transport resistancesHandy, 2006; Nunes da Silva, 2005; van Wee, 200Bigure3.4-3).

Resistances refer to aggregate travel costs, including monetary costs, travel times, effort

necessary to reach destination, etc.
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Location
of activities

Travel behaviour

N

Needs, '
" la [
desires -

Trave|
esistances

Figure3.4-3: Relationships between activity locations, neadd desires, transport resistances and travel

behavior. Sourcezan Wee, 2002

Urban form influences travddehavior through seeral - often contradictory- complexways.
For the sake of illustration, and rdensesand i ng ¢t o
compact forms
e they tend to increase the level o&ccessibilitto human activities by reducingavel
distances. In addition, they stimulate the existence activitidarger quantities and more
attractive (a good example are pop stars, who perform only in selected cjties)
o travel resisteesare in principle reduced because distances sherter, but they can
increase agsvell as ifhigher congestions observed At the same time, density allows the
provision of highly efficient public transports, thereby reducing travel resistdoctsnsit
users Road investments also reduce resistances for carsusand encourage dispersed
land use patterns, which are especially troubling for mass tra@eit/éro, 1999;
e with time, changes in therbanformand tr avel resi stances may a
deep attitudes towards mode choice, as well as the persorahtian of costs (distances
are less and less valued as a resistdac®r because longlistance trael times have been

decreasing).

The picture is this quite complex, which probably explawvisy | i t t 1 e “~definitep
have emerged from travel beliar research Frank, Bradley, Kavage, Chapman, & Lawton,

2008. Figure 3.44 details the links between urbaform, human conditions, rationales for

activity participation, andravelling distances. Socioeconomic conditioesg,( employment

situation, income), demographic aspeoatsg( size and composition of households), and car
ownership (driving license holders) play a central role in understanding travel behgeiorg

& Haaijer, 2001
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Social environment
« household

* organizations

* networks

Rationales for

activity
participation \ Frequency of
activity

F{athnales for participation
location of
activities

Individual resources
* economic

« cultural

» mobility resources

Individual motives
* needs

* wishes

* values

* preferences

Total travelling
distances

o

Residential location
« distances to various
centres and facilities

Location of
activities

Accessibility

Transport infrastructure of facilities

* roads and parking
* public transport
* bike paths

Figure3.44: Behavioral model showing the assumed links between urban, human and social conditions,
rationales for activity participation and location of activities, and travelling distances. SNeess;
2006

It is interesting to note that the importance of urban form dimensions on travel behave

scale dependent. At the neighborhood scalesaarchers often concentrate on three main
urban form dimensions (the stalledthree Dy density, diversity, and desig@efvero &
Kockelman, 1997 At the metropolitan levelTsai (2005)yeferred to size, density, degree of
equal distribution, and degree of clustering as the fundamental dimensions of urban form (see

alsosection3.3). Figure3.4-5 presents theselimensions at the various scales.

LOCATION withrespect fo existing
towns, crties and infrastructure.

STRULCTUERE of development - size and
shapa.

|
[ ]
LAND USE TYPE and overall mux.
CLUSTERING/CONCENTRATION of
development. LOCAL
LAND USE MIX - level and scale of mix
[ |
]

DENSITY of development (population
and employment density).

STRATEGIC

WEIGEBOUERIIOOD

LAYOUT of development (movement
networks, neighbourhood type).

Figure3.45: Urban form characteristics that can affect travel behawiodifferent scalesSource:Stead
& Marshall, 2001
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The role of individual attitudes

One of the issues that research concerning travel behavior has to face deals with the difficulty
in disentangling the influences of socioeconomic attaristics and those of urban form. Van
Weesd3s triangle explicitly acteitylocatoreand thke néedse r el at
and desires as reciprocal. One issue, commonly knownrem#dential sedélectionor as
selfselection biagxplains gpart of the credit attributed to urban form for its influence on
travel behavior chwanen & Mokhtarian, @5). SeHlselection arises when residential location
choice is not independent of commute mode choice, as citizens with a predisposition towards
a certain type of travel are also more inclined to live in a neighborhood enabling them to
realize their prefeences. While this effect does not diminish the importance of having transit
oriented development neighborhoods after all, people who are naturally inclined to use
public transports need to live in places enabling that preferenitanay however changthe

way researchers and politicians perceive the role of urban form in affecting travel behavior.
From being one direct cause of certain mobility patterns, urban form would be regarded as an
enabler- or disabler - of predetermined individual preference$his leaves unanswered,
however, the question of how do people construct their attitudes. My feeling is that
researchers are being excessively conservative in their reasoning about the importance of
urban form, but | fully support the improvement of reselrdesigns so that all relevant causal
chains can be understood.

The theory of planned behavior provides a useful epistemological framework to better
understand the role of personal attitudes and beliefs in shaping behavior (and, as a
consequence, traveleavior)- seeFigure3.46. By focusing on beliefs, this theory does not
posit a significant role for the built environment in explaining travel behatdandy, 200k

Urban form might come into play through its influence on the beliefs an individual holds about
the likelihood of possible factors that facilitate or constrain a behavior. For cycling, such
factors might include the presence or absence aeyanes, or a general sense of safety. The
theory also emphasizes attitudes and social norms, factors that are absent from the utilitarian

framework commonly used in travel behavior researekaifdy, 200%

Attitude
toward the

‘behavior \

Subjective
norm

]

Perceived
‘behavioral
control

r

»{ Intention Behavior

Figure3.4-6: Theory of planned behavior. Source: adapted from Azjen, 1991, as publishizadp,
2006
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3.4.3 Empirical evidence concerning the influence on mobility
patterns

A number of papers providing empirical evidence concerning traveling patterns were examined
(a brief description of each, including the main conclusions, is provided antiexA.2). Being

a stimulating research topic, a large amount of studies is published regularly. As a result, the
review does not attempt to be exhaustive. Instead, my aim is to provide sufficient evidence
about the issues being investigd, to cover the most commomodelingapproaches, and to
cover recent and promising methods. My review also mentions other, more detailed, literature

reviews.

Modeling approaches

A number of approaches have been used to address empirically the questiommourban

form influences travebehavior One important questiordeals withscale that best represents

the object of research. As travel behavior is an individual decision, it should, in principle, be
better captured by approaches based on thdividua On the contrary, there would make no
sense to develop climate models, for instance, for small territories, as climate is intrinsically
larger in scale. However, the researcher has to make compromises. Official surveys usually
lack questions deemed as sestial, and carrying out a specific questionnaire is highly
expensive. Aggregate data is, sometimes, a good alternative, as a number of different data
providers can baequestedto help and participate in the research. In addition, if the research
deals vith the effects of urbanform on mobility patterns then one would expect that
relationships would be present at aggregate levels, for urban form can only be defined at some
level of territorial aggregation.

The basic distinction in travel behavior modeks to do with the scale of analyskggregate
studies (of which this thesis is an example) use averaged values from territorial units such as
cities or smaller zones (boroughs, neighborhoods, census tracks, etc.). It is expected that
averaging does not liminate existing relationships under investigation. For disaggregate
designs, the unit under investigation is the individual or the household. In addition to the
aggregate effects of urban form, these studies are able to capture subtle effects related to
personal characteristics. Disaggregate studies offer tremendous opportunities to test complex
research guestions dealing with human behavior. No wonder, then, that most of the attention
is devoted to them. Discrete choice models and actiised modelsapresent two of such
approaches. Travel choice models predict the probability of an individual choosing a particular
alternative based on the utility of that alternative relative to othekady, 1998 The
activitybased approach is more complex and redage that a person's daily trips are made as

part of a chain of activities. This chain affects the choices that each traveler must make: when a
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trip should be made, by what mode, by what route, the sequence of trips, Mille, Kriger,

& Hunt, 1999. Modelingapproaches have become increasingly sophistica&ither in terms of

the statistical techniques employed or in terms of the rationales underneath, although both are
related. The focus has been to move from simple correlations and empirical relationships to
building causal models, understanding the mlexity of individual choices regarding travel
behavior, and acknowledging uncertaintjaGdy, 2006; Miller, et al., 1999see alsoFigure
3.47).

Travel
Demand| No Transit/ Transit / Logit/ o
Lang odel| mode split |no logit (24 hr)] Peak-period |Activity-based
Ley assignment
Model
None ;
.\
Activity +
Judgment I I
e
DRAM or
equivalent
q :
Logit allocation ——=B;>
w/ price signals (Shortterm goal l *
Fully integrated
market-based k o':;.. M%
model torm

—-» First Path ==D ‘Advanced’ Path

Figure3.4-7: A taxonomy of transportatiodand usemodelingcapalities. SourceMiller, et al., 1999

Statistically speaking, max the studies analyzed involve multiple or logistic regressions. Most
models controlled for basic socioeconomic characteristics such as education and income. As a
result, estimates about the influence of urban form indicators are in principle rellableuld

be tempting to compare the coefficients obtained by each author, but it would be naive and
erroneous to do so because those methods are highly dependent on the variables included or
omitted. Just as other authors have made in their literature ees (Abreu e Silva, 2007,
Arrington & Cervero, 2008; Handy, 2006; Rickwood, et al., 20Dpreferred to rely on
general conclusions about the relative importance of groups of variables (each group of
variables cold be considered a sustainability domain) on mobility patterns. In the next
subsections, | will describe important empirical findings in this area, drawing from the list of

literature presented irthe annexA.2.
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Comprehensive maasuof impact or behavior

Most of the literature analyzed focused on specific measures of travel behavior. A few studies,
however, calculated comprehensive measures of imfaathas the ecological footprint or

the total energy usgor comprehensive meases of travel behaviofsuchasthe total physical
activity). Some of the most relevant are briefly reviewed here.

A metareview conducted byHandy (2006)showed that acessibility emerged as a strong
correlate of total physical activitywhich includes active traveand other physical activity).
However, individual factoravere often more important in explaining .itUrban design factors
appeared to be more important for recreational physical activity. Similedysyth, Oakes,
Schmitz, & Hearst (2008oncluded that highedensity environments promoted active travel
while lower density environments promoted leisure walking. They added, however, that
overall phgical activity was similar in both settings.

In studying possible compensatory mechanistiadden & Norland (2005jound that residents
having access to a private garden traveled lessrdcreation purposes than did residents
without a garden. Total energy use decreased as density reached a certain level, beyond which
it started to increase. In NorwayHolden (2004)reported higher per capitaecological
footprints with decreasing household sjznd with increasing car ownership rates and income.
Detached houses anbbw-density areas were also associated with higher footprints. In the
United Kingdom, the ecological footprint of BedZED neighborhood (an environmental friendly
housing development) was 30% lower than the average United Kingdom footildentnian &

Jennings, 2008These two latter studies, however, were not based on fatmstatistical tests.

Aggregate measures traedlaviormpacts

In this category | includstudies involvinglependent variables which attempt to aggregate

a single valughe impact of travel behaviorUnlike the previous section, however, these
studes exclude the impacts caused by other dimensidrgs is usuallyaccomplishedoy
estimatig greenhouse gas emissioft®m transportation or by estimatingthe ecological
footprint of travel behavior

Geurs & van Wee (2006kimulated alternative land use development scenarios for the
Netherlands and concluded that, without compact urban development policies between 1970
and 2000, carbon emissions would have been higN&mwlas, Pochet, & Poimboeuf (2003)
reported 2,5 times higher carbon emissions for suburban residents in the Lyons conurbation
than city center residentdNewman & Kenworth (1999)in a widely cited research, concluded
that total per capitaransportation energy decreased with density and witly size, and that
urban form explained at least half of the observed differendeguyre 3.4-8). Their sample
included 46 cities from all continents. Measures of density and accessibility in the Barcelona

Metropolitan Region were also found of greater importance than income or job ratio in
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explaining transportation ecological footprinvgfiz & Galindo, 2005 Banister, Watson, &

Wood (1997) found significant relationships between energy use in transports and population
density in a selection ¢fix cities in the United Kingdom ariie Netherlands. At the borough

scale, in Milan, net density and housing age had a strong negative influence on mobility impact
(Camagni, et al., 20D2
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Figure3.4-8: Gasoline usger capitaversus urban density (1980). Source: Newman and Kenworty, 1989,

ascited inNewman & Kenworthy, 1999

Specific measures of impact or behavior
This subsection provides the best evidence to understand the tameehanisms between

different independent variables anmatasure otravel behavior.

C Specific measures of impact or behavioAggregatd models
At the metropolitan scale, in the United StateSwing, Pendall, & Chen (200®)und that

traveling distances and car ownership rates were higher in sprawling areas than in less
sprawlingregions Moreover, transit usage and walking were more intensive in less sprawling
areas. At the city level, and between 1960 and 198&meron, Kenworthy, & Lyons (2003)

explained about 90% of the variance in private motorized share and travel distance with an
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equation containing onlygpulation density and a traffic saturation factor. These researchers
updated and expanded the database usetleéwman & Kenworthy (1999)which containeda
sampleof 46 cities in all continentdNewman & Kenworthy suggested the existence of a
critical point around 20 to 30 persons/ha below which -cpendent mobility pg#erns were

an inherent characteristic of the cityn addition, car dependency varied considerably ibut

was not relatedto wealth Figure3.4-9). Van de Coevering & Schwanen (20@&8)died 31

cities in Europe, Canada and United States. Again, urban from measuesefowead significant,
although the influence of specific variables differed between Europe and United States cities.
Similar conclusions were reached Bgnto, Cropper, Mobarak, & Vinha (2008Jho found, in

a sample of 114 cities in the United States, job ratio, population centrality and rail service

significant predictors gbublic transport shares

GRP [USS$) Car use [km/person]
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10,000

500 |
2000 8000
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USCities  Australian  Toronto  European ~ Wealthy  Developing
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Figure3.4-9: Travel distancger capitdy carand wealth (1990). Sourclewman & Kenworthy (1999)

Some researchers also analyzed smaller territorial units. In a recent stugjoyingSEMat

the level of traffic analysis zonkéjn & Yang (2009¥ound that density encouraged trip
generation and discouraged car use; land use mix also reduced the number of trips but was
associated with higharar sharesand pedestriaffiriendly road design had a negative effect on
car use.Bhat & Guo (2007) working at the same scalegoncluded that demographic
charateristics and income had a more prominent effect on car ownership rates than the built
environment.Holtzclaw, Clear, Dittmar, Goldstein, & Haas (2002udied neigborhoods in
Chicago, Los Angeles and San Franciaod, concludedhat travel distances by car were a
strong function of density, income, household size and availability of public transports. Urban
design features turned out less releva®tudyingthe boroughs of Sydney and Melbourne,

Rickwood, et al. (2007f)ound a clear andonlinear positie relationship between density and
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public transport use. The largest effects took place at up to 70 peopléthtneir literature
review, these authors collected evidence across countries, cities, and neighborhoods that
density reduced vehicle travdh another literature review about the performance of transit
oriented development areas in the United Stat@sjngton & Cervero (2008)concluded that,
between 1970 and 2000, public transport ridership for work trips increased in those areas

despitea marked declinén the surroundingnot transitoriented) areas.

C Specific measures of impact or behavidDisaggregatémodels

In Germany, and using longitudinal data from 12883, Vance & Hedel (2007¢oncluded

that urban form significantly influenced car use. The finding was robust to alternative
econometric specificationd/an Acker, Witlox, &Van Wee (2007)employedSEMand found

t hat travel behavior in Flander s, Bel gi um,
status: longer distances were associated with higher social status. In the Metropolitan Area of
Lisbon, and again using stwral equationsAbreu e Silva (2007as shown that residents in
dense, central and compact areas with a reasonable land use mix were likgeto use
public transports, cycle or walk, and less likely to own a car. Employment location had a
significant influence on mode choice as well. Similar conclusions were reachisddsy(2006)

for Copenhagen. In detaileglialitativeinterviews carried out by Neaess, it should be underlined
that respondents said they preferred, for most travel purposes, the possibility of choosing
among factilies rather than proximity.Frank, Bradley, Kavage, Chapman, & Lawton (2008)
concluded that travel time (particularly wait time) was a very important predictor of public
transport use in Seattle. The positive rodé density, land use mix, and street connectivity (at
the residence and employment locations) on walking, cycling and use of public transports was
confirmed. Again in the Unites States, Washingtamyrence Frank & Co. (2008howed that
higher accessibility to institutional and recreational equipments increased the likelihood that
someone travelled by foot. With respect tthe likelihood of choosing public transportit
declinedas the dstance to transportation routes increased, wavel distances from home to
work were longer, and withcar ownership. In Maryland€ervero (2002)found that density
anddiversity of land usesxerted the strongest influencen the mode chosen by individsal
whereas urban design factors played a weaker rbleurs & Haaijer (2001yompared the
influence of socioeconomic and environmental characteristics on distinct travel modes and
reasons in the Netherlands. The largest effect of urban form was related to wadkidg
shopping trips. Commuter traffic was essentially related to personal characteristics. The
importance of socioeconomic characteristics was also stressedStead (2001) who
concluded that landise characteristics explained only up to one third of the variation in travel

distance per person.
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C Specific measures of impact or behavioAttitudes and residential sedelection

The most rigorous models control for theeffect of personal attitudes and residential
selfselection on travel behavior whose absenceould, otherwise, inflate theamportanceof
urban form. Cao, Mokhtarian, & Handy (200@sed an innovative research design: they
inquired 547 residents who moved to another house in four traditional and four suburban
neighborhoods in Northern CaliforniaAs sud, the effect of residential sedklection was
explicitly controlled. They concluded that seHlection hada signifiant direct and indirect
impacton travel behavior, but the role of urban form remained signifiatvell Schwanen &
Mokhtarian (2005) carried out an even more atailed research. Respondents of a
questionnaire were considered consonant when they lived in a neighborhood that
corresponded to their stated preferences, and dissonant in the remainder cases. In a
traditional neighborhood, dissonant residents were farrentikely to commute by car than
consonant residents, but they werstill less car dependent than residents of suburban
neighborhoods.Their results suggested that residential ssdfection processes played a
significant role in explaining travel pattertmit they also confirmed that territorial structure
had an autonomous influencé&Naess (2006)confirmed the existence and relevance of
residenial selfselection phenomena. He performed, in addition to almost two thousand
questionnaires, several-tiepth qualitative interviews with 17 households. This information
was useful to understand the deep motivations of some persons when choosing vehkve t
and how everyday travel decisions were taken.

Another interesting line of research is the comparison of mobility patterns among
homogeneous groups of individuals or territorial units, thereby providing for a more precise
control of some variables dfterest. Hibbers et al. (1999), as citedvianWee (2002) did not

find significant differences in travel behavior between several types of residential areas built

nearthe city limits, suggesting that preexistent attitudes of movers prevailed.

C Specific measures of impact or behavidrongitudinal chngesn travel behavior

Explicit testing for the influence on travelling behavior originating from longitudinal changes in
urban form has only been carried out occasionally. A remarkable exception is the already cited
research performed byCao, Mokhtarian, & Handy (20Q7Wwhich can be considered a
quasilongitudinal design. Researchers found that aduoiigs wasthe most important factor
reducingcar useand that, overall, the effect of therban formon travel behavior was similar

to or larger than that of sociodemographic characteristics. Urban design factors were found to
stimulate walking but playea secondary role. The main weaknessttoé research was that
changes in travel behavior were obtainexipostfrom the perception of respondents, and not

as observational data.
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3.5 Synthesis

3.5.1 Urban sustainability goals

It was visible from sectio.2 that policy declarations and scientific literature mention a very
large diversity of urban sustainability goals. Often, the specific goals privileged by an author
reflect her backgrounar the scope of the paperwhich may explain why uam planningr
governanceconsiderationswere sometimes neglected. The overall pictureportrayed in

Table 3.51 - is quite ambitious and does not aid much in rationalizing about urban
sustainability. Based on tHeéampbell (1996)who concentrated on the roles and goals of
planners, onFainstein (2000who expounded thestereotypeal planning approaches, and also

on insights from the literature review presented in chap®rl organized urban sustainability
goals into categoriesThis classification igspeciallyhelpful to understand the different
characteristics andoles of each categoryn fostering sustainable urban developmehhe

urban sustainability goals identified comprise issues of very different nature, although all of
them play a role in supporting citiemstrumentare social constructs such as institutions and
methodologies that provide enabling and supportive functions for urban sustainability policies.
They include strategic planningA21 processesmonitoring mechanisms, and management
systems. These instruments s#ie conditions for resourcanobilization. Urban form and
natural capital are two kinds of resources available to the planner to contribute to
sustainability.Most authors recommend measures aiming at achieving certain levels of
population density, land asmix, and accessibility to different urban functiomuman
capabilitiescould also beunderstood as resourcedut they comprise and end in themselves.
Two types of goals can be distinguished as intermediate means. One is economic development,
which is wdely accepted as necessary to create employment and wealth; the other is
sufficiency and efficiencwhich is concerned with the minimizing the scale and impact of the
economy.Another domain of central importance to sustainability is human behavior hvigic

inter aliaaffected byhuman capabilitiesirban form, and rulesAll these issues are important

for sustainability but they lacknintrinsic value. They are relevant insofar as they contribute to

the fulfillment of theultimate ends.e, intermediate ends play mainly an instrumental function
Ultimate ends comprise justice, human wating, and environmental sustainability. Justice
should be understood in a broad sense that includes equity between individuals, between
generations, and betweengmmns. It is necessary that the development of a community is not
achieved at the expensef ot her pl aces?3 gsesosrcesimpors brefain. t y, and
There has been a tendency to overemphasize intermediate ends such as economic
development @ t he “~money feti shi s mubDaly,hed wouleh!l v chat

detriment of valuing appropriately the ultimate ends of society.
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Table3.5-1: Urban sustainability goals as expressed in policy documents and scientific literature.

Instruments Resources Intermediate means Behavior Ends
Governance Urban form Natural Economic Sufficiency and Ecological Justice Human Environmental
capital development efficiency citizen well -being sustainability
Slow | .Planning .Density and .Clean .Economic .Dematerialization | .Preference for .Equity(in the .Social capital .Ecosystem health
(includingLA21 | polycentrism environment | development .Resource use walking, cycling | present, in .Diversity .Biodiversity
processes) .Accessibility .Risk .Improvement  efficiency and public relation to the .Identity
.Assessmdrof .Infrastructure minimization | of town and .Cleaner vehicles | transports future, and in
alternatives .Transportation countryside .Environmental .Less intensive relation with
.Cooperation system relationships friendly production | consumption other places)
.Product longevity | patterns .Transparency
.Environmental .Participation
friendly lifestyle
Faster| .Monitoring and | .Urban containment .Reduce .City and street .Green .Basic needs
reporting .Land use mix greenhouse | vitality procurement .Safety
.Fundraising .Urban renewal gas emissions .Closed material .Health
.Green taxes and .Highqualitypublic Air quality flows .Housing
incentives spaces .Preference for loca .Employment
.Management .Bioclimatic resources and food .Education
systems architecture .Integration

.Green areas
.Walkability and
cyclability
.Heritage

preservation
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3.5.2 Urban growth and sprawl

The review presented in sectidd. 3 resultednot only in a list ofthe most importantdrivers of

urban sprawlbut also suggestl that each variable actt a given scale where it plagsspecific

role. There are so manyalevant variables that one could be tempted to think of sprawl as

something very unlikelyo happen. A& accidentoccurs when a combination of undesirable

circumstancesakes placat the same time and perhaps at the salmeation But the process

of sprawl is much differentA better analogy is evolution: key variables have adapted

continuouslyto become amost perfect tunel. Sprawl could represent the fine tuning of

several explanatory factors. Howevels aociety is nowadays more aware of the detrimental
effects of sprawl, policies are needed stimulate the reoccupation ofirban centers as
postulated ly the theory of urban cycles

The root causes of sprawl lie in the slow and laggale processes that are usually the most

powerful drivers Holling, 2001; Meadows, 1998ee alsd-igure3.51). They are in the first

place constituted bythe selfreinforcing and synergistic triangle constituted by economic
growth, globalizatiorand urbaization (migration to cities).dmilies araén additionincreasingly
small,which implies hat more dwellings are needed to accommodate the same population.

These factors explain why cities have been growing not necessarily where urban growth

occurs The fact is that many families prefer the ideal of living in a detached house surrounded

by a quiet and beautiful environment, creating a demand for housing in the periphery, where
such conditions can be met. Still, these conditions are necedm#ryot sufficient to start
sprawl. A number of enabling and stimulating factors are essential for the process of
suburbanization to happen:

e a fiscal system allowing landowners to retain the surplus value when their land is
urbanized, which inflates thenld prices in the center and motivates the retention of land
for speculation, while promoting therbanuse of lower value land in the periphery;

e a banking system that facilitates the access to credit, thus augmenting enormously the
number of familiesapalte of buyinga new house;

e sinceland is more expensive in the center than in the periphery, house prices follow the
same pattern, and families have a great monetary incentive to move out of the central
town; this also explains why incomers tend to settiettie suburbs;

e Jlack of coordination and competition among neighboring municipalities to attract
inhabitants ando obtain a higher tax base tend to relax the application of existing rules
and the zoning of excessive amounts of land for urban purposes iicipal and regional

plans.
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Resource scarcity
causing pressure
of production on
resources
Slow  Natural population
arowth and division
of land parcels

Domestic life cycles
that lead to changes
in labour availability

Loss of land produc-
tivity on sensitive areas
following excessive or
inappropriate use

Failure to restore or to
maintain protective
works of environ-
miental resources

Heavy surplus extrac-
tion away from the
land manager

Fast  Spontaneocus migra-
tion, forced population

displacement, refugees

Decrease in land avail-
ability due to encroach-
ment by ather land
uses (e.g., natural re-
serves or the tragedy
of enclosure)

Changing opportu-
nities created by
markets

Increase in commer-
cialization and agro-
industrialization

Improvement in acces-
sibility through road
construction

Changes in market
prices for inputs or
outputs (e.g., erosion
of prices of primary
production, unfavour-
able global or urban-
rural terms of trade)

Off-farm wages and

employment oppor-
tunities

Capital investrments

Changes in national or
global macro-economic
and trade conditions
that lead to changes

in prices {e.q., surge in
energy prices or global
financial crisis)

New technologies
for intensification of
resource use

Outside policy
intervention

Economic develop-
ment programs

Perverse subsicies,
policy-induced price
distartions and fiscal
incentives

Frontier development
{e.g., for geopelitical
reasons or to promote
interest groups)

Poor governance
and corruption

Insecurity in land
tenure

Rapid policy changes
(e.g., devaluation)

Government insta-

bility
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Loss of adaptive

capacity and in-
creased vulnerability

|mpoverishment

(e.q, creeping house-
hold debts, no access
to credit, lack of alter-
native inCome Sources,
and weak buffering
capacity)

Breakdown of informal
social security networks

Dependence on
external resources
or on assistance

Social discrimination
(ethnic minarities,
women, lower class
people, or caste
members)

Internal conflicts
[liness (e.g., HIV)

Risks associated with
natural hazards

(e.g., leading to a crop
failure, loss of resource,
or loss of productive
capacity)

Changes in sodial
organization, in re-
source access, and
in attitudes

Changes in institutions
QoVEerning access to
resources by different
land managers (e.g.
shift from communal
to private rights, tenure,
haldings, and titles)

Growth of urban
aspirations

Breakdown of ex-
tended family

Growth of individualism
and materialism

Lack of public educa-
tion and poor informa-
tion flow on the envi-
ronment

Loss of entitlements

to emvironmental
resources (e.g. expro-
priation for large-scale
aqriculture, large dams,
forestry projects, tour-
Ism and wildlife con-
servation), which leads
ta an ecalogical margi-
nalization of the poor

Figure3.5-1: Typolog of cause®f landusechange. Sourcéambin & Geist, 2006

Sorawl would certainly not be possible without a network of radial transport systems linking
city centers with the suburbs. Th&unningdevelopments in the transport sector acted as the
main factor triggeringsprawl in the first place, and asstimulating factor thereof. Highways
and cars allow people to travel greater distances in the same t@itezens through their
personal choicedind a compromise between travel costs and housingscos

As highlighted byDeal & Schunk (2004}he driving factorsof sprawl function as feedback
loops that favor fringe development. Nevertheless, their relative importance depends on the
specific contek asseveralstudies have show(Camagni & Faggian, 2002; Couch, et al., 2007;
EEA, 2006p

3.5.3 Impacts of different urban forms

Virtually every study analyzed found some measure of urban form as relevant in pgedictin
mobility patterns and travel behavior. Evidence comes from different cultures, countries, cities
and neighborhoods. Research from the Unites States is overrepresented, but there is already a
wealth of European research, excellent contributions from Aatit and some recent papers
from Asia.

The literature review clearly suggests that travel behavior is a multilevel process. The

importance of each relevant dimension in predicting travel behavior seems to be scale
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dependent.According to the theory of pamac hy , it is certainly true
|l evel s set the conditions wi t hHolling, 2001, w 8)7 f ast er
At larger scales, such as the metropolitan region or the cignd in line with the conclusion of

Newman & Kenworthy, 1999 mobility patterns are largely related tothe t er ri t or y 3 s
population density: igher densities promote alternatives modes of transport other than the

car. Sociodemographic characteristics such as income still play a significaritheleverall

structure of a region conditios the performance ofprocesses occurring alower levels.

Mobility patterns in boroughs and neighborhoods thus need to be understood in the context

of the wider region. Friedman et al. (1994), as citedkeannedy, Miller, Shalaby, MaClean, &

Coleman (2005)and Cervero (1998) both refer to the limited effect that a netraditional
neighborhood can have on travel beharentedr if pl
subur bsyp. Hi bber s evan Wed (2002) gadk E@pirical caedit tacsudche d i n
claims. Furthermore, te relationship between urbaform and mobility patterns may be
characterized by threshold®Newman & Kenworthy (1999, p. 100jor instance, refer that

"t here appears t o be a crit iperahla) bgowiwhich (about
automobiledependent land use patterns appear to be an inherent characteristic of thg city.

As we movedown in the scale of analysis, the effect higlesel variables may change

magnitude and more variables becomestatistically significantAt the borough or

neighborhood scalesociodemographic characteristicggrticularly income, ar ownership and

household size) seem to outpacerban form in explaining mobility pattern®ensity,

accessibility, land use mix, and level of public transport serretain however a prominent

role. The influence of urban design features seems to be of mimportance, although

significant relationships have been found with walking and cyelapgcially for recreation

purposes. The truly importance of building and maintaining high quality public spaces is
probably not well captured by regssiortbased sthstical models.

The individual levak the scaleat whichmore specific causal mechanisms can be te$laddy

(2009, for instance, questioned the use of density as a cause of travel behavior, suggesting that

the relationship is spurious and the true underling causal mechanism is related to accessibility,
availability of public transports and alike. However, the fa¢hat density remained significant

evenafter those variables were entered in models. It coslaygest the existence of nonlinear
relationships omonaccounted dimensian Still, | dare to suggest that density plays a distinct

influence on travel behavio, which is perhaps related to a s
emerges as interactions between people become frequent enough.

At the household or individual levels, other research questions catebid. Attitudes and

residential preferences, for ingtee, were found to signifiodly influence travel behavior.he

effect of urban form remained significatttough Overall, the role of personal characteristics
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seems to be even larger than urban form in explaining travel behavior. To complicate things
further, the effectmagnitudeof each variablés dependent on the travel reason and mode,
although the global conclusions remain valid. Walkiedavior, for instance,is especially
difficult to predict.

Another issue to take into consideration is that of mpensatory mechanismsge, the
possibility that individuals or households perform better in some indicators but worse on
others, so that their aggregate impattecomes difficult to predct and might assume
unexpectedoutcomes Evidence is still quite angiious, butexists:Holden & Norland (2005)

found thatsuburban residents with access to a private garden whose daily travel distances are
higher seem to travel less for recreation puwges than urbanites living in dense areas; and
Forsyth, et al. (2007jound that walkingvas related to residential density btdtal physical
activity was not At a first glance, this could introduce an unacceptable relativism to all the
aforementioned conclusions. However, studiabout the influence of urban form and
sociodemographic contibns on the overall environmental impact of people have reached
similar conclusionse(g. Holden, 2004, suggestinghat the magnitude of ampensatory
mechani sms i s smal | ecaused hyarlran forim @nd satiadenmograpliicf e ct s p
conditions Hopefully, it is expected that specific causal models representing known pieces
about human behavior may be joined together to provide cleareswgers to the sustainability
challenge.

Even if the specific causal mechaninking urban form and travel behavior is ndully
scientificallyunderstood yet most of the requisites for such causation are already. rdban

form is known to influence treel behaviorHaving said that, would cite the question raised

by Anderson, Kanaroglou, & Miller (1996)oncer ni ng energy consumpti o
however, to say that cities wit different urban forms have different rates of energy
consumption; it is quite another to say that a significant improvement can be achieved through
real i stic changes t o Thisquestion raises thé problempoAwhich c ul ar
changes ardeasible from a practical of political point of view, but has also a scientific
implication: do changes in existing urban fabric bring about the expected results as obtained
from crosssectional studied Crosssectional studies test equilibrium states, wdreas
longitudinal designs account in addition to the marginal effect of predictors on the dependent
variabls. Unfortunately, everthe authors havingpanel dataavailableusually end up with a
series of crosssectional studies. This is probably due to timereased difficulty imodeling

panel data,althougha number of different approaches are establishedy.(Hedeker &
Gibbons, 206). The work of Cao, Mokhtarian, & Handy (2007 a remarkable exception.
They found that longitdinal changes in urban form precipitated changes in travel behavior

after controlling for personal characteristics and attitud&beir work represents a further
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3| Urban sustaiability and sustainable territorial structure

step into the ambitious goal of est#hing definitive causation between urban form and trave
behavior.

When estimating the effect of urban form on travel behavior, researchers should take into
account the contributionof the different urban form dimensions. Because urban issues are
intrinsically complex, current empirical models represent sifiggliversions of realityln the

real life density and accessibility are not independent from each other. On the contrary, they
are linked by a causal mechanism. It is therefore incorrect to estimate, for instance, the effect
of density on travel behavioignoring the indirect effectstemming fromthe path linking
densitywith other urban form dimensionkaving a distinct influence on travel behaviarthis
sense, urban form dimensions act in a synergistic way and should be analyzed accordingly
(Environmental Protection Agency, 2001; van W2@032).

Rees & Wackernagel (19968ave called to this leverage effect theban sustainability multiplier

A similar idea was conveyed by Neff (1996), as citedNewman & Kenworthy (1999)
regarding the effect of public transportk the United States, andccording to Neff, when

public transports replace car travel, one km of transit may replace as mu8|t as 12,0 km

of car travel.
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4. Modeling territorial structure  at the borough scale

4.1 Introduction

Chapters 2 and 3 revieweda broad range of literature concerning sustainable developnment

different contexts. This chapter translates the knowledge acquired into a methodology capable

of modelingrelevant sustainability processes at theroughlevel.Variables indicators model

specifications and methods are referred througha logical progression of analytical steps.

Figure4.1-1 displays the methodological steps explained in detail in this chapter. They can be

grouped into three main parts:

¢ the built of a conceptual framework to be used as a reference for data analysis;

e the computation of meaningful indicatoend factorsto be used as explanatory or
dependent variables in trstatisticaimodeling

o the effective useof data to modelrelevanturban sustainability processemd achieve the

objectives of this thesis.

| Data collection = ——
E WVanous sources

Chapter 5

stainability

Data processing
= softw )
M

Data screening,
reduction and cleaning

Indicators Histograms, scatter plots, Pearson's Datasets
124 indicatars J correlations, factor analysis, Cross-sectional
T — — reliability analysis and longitudinal

Modeling mobility patterns Thematic maps
Factor analysis and

Structural equations and 1
L - - . geographical information systems

Year: 2006

Meodeling urban growth 4 Chapter 6 ’ Population density, land
— W Generalized estimating equations | P Results and discussion g cover and urban expansion
Years: 2001 and 1951 ‘ ] = ‘ Years: 2008, 2001 and 1991

Modeling water, electricity,

and criminality
Standard statistical methods

Year: 2006 or 2007 Chapter 7

Conclusion

Sustainability domains

Figured.1-1: Methodological steps followed.
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4 | Modeling territorial structure at the borough scale

The processing of data from raw datasets to indicators &actors was complex. Some
indicators were readily calculated from statistics, while others required extensive computing
andthe connectionof different kinds of input€.g. statistics with cartography}igure4.1-2

detailsFigure4.1-1 and aids in understanding the steps followed from raw sourcefedinal

results.
Geographical sources Statistical sources
Populati A ibilit & Singl — —
opulation ccessiniity \ f ingle h Some —— - ——
density maps indicators ‘; indicators Cross-sectional dataset
{z006)
S o ; S
| '
Models
&

Land cover and urban > Landscape

i i Factors } Al — ————
expansion maps metrics t » D T et

{1991-2001)

Figure 4.1-2: Raw sources, intermediate results, datasets and final resulisult® are shownin

rectangles, variables in ellipses, and the remainder figures are datasets.

4.2 The human ecosystem framework

Theoretical constructsof sustainability presented throughout sectigh4 were worked,
integrated, and adaped to the scale and issues dfie urban phenomena. The resulting
conceptualframework - the human ecosystem framework (aftdtachlis & Force, 1997
representsthe rationale forurban sustainabilitgleveloped in this thesis and used as the
theoretical basis for data analysiBhis practical dimension residés the capacity of the
framework to aid inmodel buildingfunctioning as a source to derive indicators while ensuring
the theoretical consistency of the task.

The framework is rooted in several inspirational contributiofifie hierarchicakustainability
pyramidproposed byDaly (1973)andMeadows (1998js of central impotance It is based on
the capital approach to sustainability and connects utienate meanatural resources) to

s o c i alltinyate s ends(happiness, enlightenment, etc.). Thgyramid evidences the
complementary importance of the different types of capiand reminds people that the
economy is not itselan endbut a way to achieve something more important. Moreover, the
fact that the natural resources rest at the base of the pyramid stresses the fundamental
supportive role of nature for the Earth ecoggs. The work of Amartya Sen1999/2003
played an essential role in the conceptualizatiohwhan capabilitiet.ikewise, the notions of

human need®iuman valueand political option@lkire, 2003 have been incorporatedwhich
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4.2| The human ecosystem framverk 3

act in a complex way as fags directingsocietal evolutionlt is presumed that, individually,
people behave so as to maximize the satisfaction of their needs in the context of a large set of
val ues; collectively, societies mani(20e0s t prefe
theory of system orientators may be considered an extension of the theory of human needs
since it is, in principle, applicable tany given systeminstiutions understood asthe
conventions, norms antbrmally sanctioned rules of a society, were considered as resources
because of their role in providingxpectations, stability and meaning essentialhtoman
existence and coordinatioe.g. Bromley, 2006; Vatn, 2005The framework addresses the
concepts of ecosystem servicasd processeglobally disseminated bWMIEA (2005) They
acknowledge the flow of intangible benefits to human beings and other species beyond the
physical resourcestricto sensiRecognizing the multpservice flows coming from nature is an
essential step in their proper valuation, which in turn is a condition for the conservation of
ecosystems. A related and more tangible concept is that of the metabolism of society, which
refers to the flow of matelals and energy between society and natufes¢herKowalski &
Weisz, 1999. These flows, in turn, originate impacts on the quality of life of individuals and on
the ecosystemsThe DPSIR frameworkwhich provides an interpretative structure to such
causal chaingStanners, et al.,, 200%Zf. section2.7), is embeddedin the human ecosystem
model However,the perspective endorsetiere is different: while DPSIR presumes that all
dynamicsare detrimental to sustainability, the human ecosystem framework assumes a neutral
point of view by describing all the relevant sustainability domains and their interactions,
regardless of being beneficial or detrimental to sustainable developitentesult is shown in
Figure4.2-1.

fHuman ecosystem

Human Values Political
needs options

Ends

Territorial structure

Vo N
p . <_ Mobility >
Human Sy

Institutions T
capacities

— /’ h
lows
y N (o
(. Economy )
\\\_h_/’, \/Cnnfh'cti\/
AP Services  <l—p <> —_—

Life
support Land use

systems \, thanges /

Urban form

Transparts

Matural Physical
capital capital

Processes

Risks.
Resources

Interactions

Figure4.2-1: The human ecosysteframework used for data analysis in this thesis.
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4 | Modeling territorial structure at the borough scale

The framework has both a theoretical and practichinension. As theory, it provides a

conceptual structure that accounts)(dor humannature interactions;(b) for the societal

evolution towads biological and cultural endg;) for the metabolism of human ecosystem

and (d) for some causeffect relatioships between driving forces and impacts. The

framework explicitly recognizes the maimban sustainability dimensions and the relationships

and dependencies between theResourcagpresent thebasic assetfr system functioning.

Processasse or transbrm those resources and generagerviceshat capitalizeor consume

them (for instance, research builds on existing knowledge, wheds to accumulate;

education increases human capabilities; on the contrary, many firms require the direct input of

natural resources, which are consumed and transformed by the manufacturing prgcesses
Interactions e pr esent observable consequences of syst
deteriorating impact on resources (g, pollution, criminality), but their influee can also be

ambiguous (land conversion for new housing has a negative impact on the environment, but

may have a positive i mpacEndsmanslate the preferemcesmmer 3 s qu
societies and the needs of both human and natural systdinds incorporate a portion of

variable desires and options (striving for equality among humans, for instance) and a portion of
inevitable constrains imposed by the laws of natway,(complex life can subsist only under

very restrictive conditions thiamust be continuously maintained).

4.3 Study area, scale of analysis and temporal dimension

The study areas the Metropolitan Area of Pétthocated n Northern Portugal and extending

over 814 knd, the metropolitan areacomprises nine municipalitiesd wasinhabitedin 2006

by an estimated 1,28 million peoplavhich makes ithe second largest in Portugdt is also a

highly industrialized region, where the headquarters of many important companies are located

in sectors like textiles, shoes, furniture, auparts, jewellery, chemical and steel, etc. In the

scientific arena, the region is home to several universities, including the Universitytofadr

the Catholic UniversityThe University of Porto is the largest university in Portugal, with over

27000st udent s, 60 undergraduate derggragseAtthe 120 MSc
center of the metropolis lies the city of Porto, which is also the capital city of the North

region. Porto concentrates a great share of the metropolis population (almost 20b)a

disproportionate part of administrative and cultural services.

1 Metropolitan Area of Poiitothe sense used in thikesis, corresponds to the geographical territory of
the metropolisbefore its enlargement in 2005 and 2008 also corresponds to th&NUTS3 subregion

Metropolitan Area of Porto
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4.3| Study area, scale of analysis and temporal dimension 5

The scale of analysig this thesiss the borough. Boroughs aresmall territories rules byocal
authorities directly elected by the people, althougtith rather limited powers Each
municipality is subdivided into one, and usually more, boroughs. Taera total of 130
boroughs in the Metropolitan Area of Porto (cinnexA.5 for the name and location of each
borough) All results and conclusionsf this thesis arevalid only at the borough level,
complementing other research desigearried out at scales such as the natiomaefiona] or
individual.

Study area: Metropolitan Area of Porto

Greater Porto

CB Municipalities

¢ Head of municipality

Espinho

(7 Boroughs

0 25 5 10
[ =m0 Source: own work based on data from CAOP - Administrative Map of Portugal

Figure 4.3-1: Location of the Metropolitan Area of Portdn Portugal. Source of the right image:
Wikipedia

2 Borough was used as a translation fogguesigin Portuguese) waboroigh Other possibility would
be civil parish
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Regarding the temporal dimensidhis thesis aims at strengthening existing research by adding
a longitudinal dimension. Panel data models are more effective than their-seossnal
counterparts in dentifying causal relationshipgdence and taking as a basis the decennial
population census from where a large amount of data is readily availi#téeweregathered

for the years 1991 and 2001. The year 20@3ugh not corresponding to any censusas
added to provide for a more recent picture of the regionDuring the development of this
work, different time spans were used depending on the data available for each particular
analysis. Given the ambitiotack of data wereinevitable and in some casesquired the
mixture of different yearsd.g. using a variable from 2008 on a study involving the 2001 time
period) in order to avoid missing importaimformation However, this was madeo a limited
extent and only when there were reasons to believe thesults would still beaccurate(for

instancewhen the variance and covariance structure of a set of variatdessnaintained).

4.4 Data collection (raw data)

The research design used in this thesiquired data for each of the 130 borouglfmes the
numbe of indicators and timeshe number of periodslimited byavailability. A great effort
was put in collectinggnored explanatory or confounding variahldsus setting the conditions
for more accuratestatisticaimodels.

Rawdata wereused in a varietpf computations to derive indicators. Some variabksh as
population counts and urban fabric areeere often usedto calcula¢ normalizedindicators.
Instead of describing all the raw variables yd$guteferred to avoid inevitable duplications and
concentrate on the resulting indicators as described in the sedlich A table withthe data
sources from where raw variables were directly queried or calculatad be consulted in the
annexA.4.

4.4.1 Cartographic datasets

Given the importance of cartographic dataséds this thesis essential information about each

of themis provided inTable4.4-1.
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Table4.41: Additional information about the cartographic datasets

Dataset Description Characteristics Image example

Corine Land Cover  Land use and land cover date 1:100000
comparable across the Vector or raster
European Wion and some Minimum mapping
Central and Eastern Europe unit = 25 ha(or 5 ha
countries for land cover
changes)
44 classes

COS- Land use map Land use and land cover date 1:25000
for Portugal Vector or printed
Minimum mapping
unit=1 ha

Complex but very

detailed classification

Metropolitan Area of Ecological land cover 1:25000
Porto ecological including native vegetation  Vector
structure and areas with ecological

(REN) or agricultural
protection status (RAN)

Orthophotographs Orthophotographs 1:5000
Raster
Orthophotographs Orthophotographs (from High resolution
Google Maps) Raster
Soil sealing Map of builtup areas and the Raster
degree of soil sealing Pixel =20 m

Average soil sealing

in%

Satellite images (See lelow for detailed

information)
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Table4.41 (continued)

Dataset Description Characteristics Image example

Topographic maps Topographic map of Portugal 1:25000
series M888 and the most detailed Vector, raster or

covering the whole country.  printed

4.4.2 Satellite images

The absence ofietailedland cover datgappropriatefor studies atthe borough levélled me

to developspecific land use maps of the region based on several data sobkaremstance
some boroughs in the Metropolitan Area of Porto are just a few km widsndering the
1:100000 scale and minimum mapping oh25 ha of the Corine Land Cover uselessd tre
medium scale COS Land use map is available only for 1990. Seventegyars laterefforts

are underway to complete the 2007 updat considerable interval given the huge need for
up-to-date cartograplu information by a variety of public and private institutiofs.thisthesis
concentrateson urban issuesa new map that could overcome the problems of other datasets
was therefore neededSeveral satellite images freely available from the Image 200@nage
2006 projects (affiliated to Corine Land Cover) fulfiled all the requirements. Detailed
characteristics about the satellites and their images are providetabie 4.42 and Table
4.43.

Table4.4-2: Characteristics of the satellite images used

Satellite Landsat 5 Landsat 7 IRS-P6
Date’ ~1987 2000 2006
Sensor ™ ETM LISS 1l
Bands 6+1 7 +1 4

Pixel 50 m 25m 23 m
resolution

Example

image
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Table4.4-3: Data sources from where raw variables were queried or calculated.

Band no. Region Wavelength Landsat TM Landsat ETM+ IRS-P6 LISS IlI
resolution resolution resolution

1 Blue 0,45-0,515um 30m 30m

2 Green 0,525 0,605um 30m 30m 23 m

3 Red 0,63- 0,69 um 30m 30m 23 m

4 NIR 0,75-0,90 um 30m 30m 23m

5 MIR 155 1,75um 30m 30m 23m

6 TIR 104-125 um 120 m 60 m

7 MIR 2,09 2,35 um 30 m 30m

8 Pancromatic band  0,52.0,9 um 15m

Processing of satellite images to obtain land cover maps is explained in the next section.

4.5 Data processing (indicators)

Taking the human ecosystem framework as a basis amdribwledge acquired from section
2.7 ( Sustainability indicatgus)a,number of variablewas assemblethat were important to
understandurban sustainabilityand explain specific dimensions such as mohilégterns,
consumption of water and electricity, urban growth, and criminalRaw variablesvere
processed to derive indicators, which were organized according toTihlele4.51 (cf. Figure
4.21 as wel). Table 4.52 presents all indicatoraused and provides details about their
designations formulas, scales, dates and correspondence to data sources. Additional
explanations are given thereaftfor those indicatas whose computation requireé more

laborious calculus.

197



4 | Modeling territorial structure at the borough scale

Table4.5-1: Hierarchical organization of the indicators.

Resources

Human capabilities
Population dynamsc
Equity

Wealth
Employment

Health

Education

Social capital
Processes
Economy
Economic activity
Trade and services
Manufaturing and construction
Agriculture
Economic diversity

Real estate market

Resources

Urban form

Natural capital

Density and sprawl
Infrastructure
Equipments and buildings

Transpors

Interactions
Flows
Water

Electricity

Conflicts

Crimes against people
Pedkstrian crashes
Mobility

Air quality

Modal share

Travel time and distance
Land use changes

Urban expansion
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Table4.52: Set of indicatorsalculated

Indicator * Formula 2 Scale, units and remarks 3 Date* Data source °
Resources
Human capabilities
Population dynamics
Aging Inhabitants > 65 ye inhabitants < 14 yo x 100 Ratio 2001, 1991 Census
Birth rate Births + inhabitants x 1000 Ratig Per year Av. 2001: 2006, Census

av. 19952000
Dwelling occupancy Population+ occupied dwellings Ratio 2001, 1991 Cersus
Family size Population+ families Ratio 2001, 1991 Census
Lone person households Lone person families families x 100 Ratio 2001, 1991 Census
Old age dependency Inhabitants > 65 ye inhabitants 15 < yo < 64 x 100 Ratio 2001, 1991 Census
Young age&lependency Inhabitants < 14 ye inhabitants 15 < yo < 64 x 100 Ratio 2001, 1991 Census
Equity and diversity
Femalemale illiteracyratio Female illiteracy rate male illiteracy rate Ratio 2001, 1991 Census
Femalemale unemploymenmnatio Female uemployment rate- male unemployment rate Ratio 2006, 2001, 1991  SS (2006); Census

(2001, 1991)

Resi dedveity j ob See entry below "Diversity indices" Ratio 2001, 1991 Census
Wealth
Home acquisition costs Ratio- Euros Per month 2001 Census
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Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °

Income support Beneficiaries aneanstested income support families x 100 Ratio- % 2007: proportion of families 2007, 2001, 1991 SS (2007); Census

2001: proportion of inhabitants (2001, 1999
Wage Ratio- Euros 2008 SS
Employment
Unemploymentate Unemployed inhabitants labour force x 100 Ratio- % 2008 2001, 1991 SS (2008); Census
(2001, 1991)
Health
Child mortality Deaths < 1 yo- live births x 1000 Ratio Av. 20011995 Census
av.1996 2000
Medical leaves Medical leave dayslabour brce Ratio; Per year 2007 SS
Education.
Higher education Inhabitants with higher educatienpopulation x 100 Ratio - % 2001, 1991 Census
llliteracy llliterate inhabitants- population x 100 Ratio - % 2001, 1991 Census
School desistance Inhabitants 16 yo < 15 that haven't completed the"9 Ratio- % 2001, 1991 Census
educational yeaand are not attending schoel
Inhabitants 10 < yo < 15 x 100
Secondary education Inhabitants with secondary educatierpopulation x 100 Ratio- % 2001, 1991 Census
Students Inhabitants attending schoselpopulation x 100 Ratio- % 2001, 1991 Census
Social capital
Abstention Eligiblevoters that do not go to vote- eligiblevoters x 100 Ratio- % 2005 2001, 1997 CNE
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Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °

Volunteering Registered volunteers populationx 1000 Ratig Not used 2008 Entrajuda

Youth NGOs Youth NGOs+ inhabitants 5 < yo < 19 x 10@0 Ratio 2008 IPJ

Urban form

Natural capital

Ecological status Area under ecological protection (REN) Ratio- % 2007, 2000 CIBIO
nonurban fabric area x 100

Forest area See below entry "Land cover classification” Ratio- ha 2006 200Q 1990 Satellite

Forest proportion Forest area- terrestrial area x 100 Ratio- % 2006 200Q 1990 Satellite

Forest proportion- non urbanized Forest area- nonurban fabricarea x 100 Ratio- % 2006 200Q 1990 Satellite

Native forestproportion Native forests+ forest area x 100 Ratio- % 2004 CiBIO

Density and sprawl

Building net density Buildings- urban fabric area Ratio- No./ ha 2006 2001, 1991 Census

Compactnes See below entryllandscape metrits Ratio 2006 2001, 1991 Satellite

Dwellings per building Dwellings+ buildings Ratio 2007, 2001, 1991 Census

Gini index See below entryl'andscape metrits Ratio 2006 2001, 1991 Satellite

Moran's | See below entryl'andscape metrits Ratio 2006 2001, 1991 Satellite

New buildings (Buildings inzt- buildings in4) + Ratio- No./ha 2002 2007, Census
terrestrial area x 100 1995 2001

New dwellings (Dwellings in1 - dwellings in4) + Ratio- No./ ha 2002 2006, Census
terrestrial area x 100 1991: 2001
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Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °
Population See below entry ~Popul ati o1 Rato 2006,2001, 1991 Census
population in 2006
Population density Population= terrestrial area Ratio- No./ ha 2001, 1991 Census
Population et density Population+ urban fabric area Ratio- No./ha 2006 2001, 1991 Census
Standard distance ratio See below entryllandscape metrits Ratio 2006 2001, 1991 Satellite
Urban fabric area See below entry "Land cover classification" Ratio- ha 2006 2000, 1990 Satellite
Urban fabric proportion Urban fabric area terrestrial area x 100 Ratio- % 2006 2000, 1990 Satellite
Urbanpatches See below entryl’andscape metrits Ratio 2006, 200, 199 Satellite
Urbanpatchaverage area Urban fabric area urbanpatches Ratio- ha 2006 2000 1990 Satellite
Urbanpatchdensity Urbanpatches- terrestrial area Ratio- No. / km? 2006 2000 1990 Satellite
Infrastructure
W aste collectiorprovision Buildings with waste collection buildings x 100 Ratio- % 2001 Census
Bus lane density Lengthof bus lanes- urban fabric area Ratio- m/ha 2008 STCP
Drinking waterprovision Dwellings with drinking watef dwellings x 100 Ratio- % 2001, 1991 Census
Sewerage systerprovision Dwellings with sewerage systemdwellings x 100 Ratio - % 2001, 1991 Census
Highway node distance See bel Aecessihility mdicators Ratio- m 2007, 2001, 1991  Google IFAP
Road density Lengthof the road network-+ urban fabric area Ratio- m/ ha 1997 IGeoE
Equipments and ho using
Building age Ratio- years 2001, 1991 Census
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Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °
Damaged buildings Damaged buildings buildings x 100 Ratio- % 2001, 1991 Census
Green space area Green space area population Ratio- m?, Green spaces > 1500%m 2007, 2001, 1991  Google IFAP
Green space density Green space area urban fabric area Ratio- m?/ hg Green spaces > 1500n 2007, 2001, 1991  Googlg IFAP
Green space distance See bel Aecessihility mdicators Ratio- m; Green spaces > 1500 2007, 2001, 1991  Google IFAP
Healthcare distance See bel Aecessibility mdicators Ratio- m 2007 ARS

Junior school distance See bel Aecessihility mdicators Ratio- m; Only public schools 2007 GEPE
Kindergarten distance See bel Aecessibility mdicators Ratio - m; Only public schools 2007 GEPE
Nonconventionadwellings Nonconventionadwellings- dwellings x 100 Ratio- % 2001, 1991 Census
proportion

Pedestrian routes density Lengthof pedestriarroutes + urban fabric area Ratio- m / hg Not used 2007 ESB
Primary school distance See bel Aecessibility ngicatops Ratio- m; Only public schools 2007 GEPE
Secondary school distance See bel Aecessibility ngicatops Ratio- m; Only public schools 2007 GEPE
Sports facilities Sports facities + population x 10000 Ratig Only public facilities 2002 Inventories
Transportation

Bus net density Lengthof bus routes+ urban fabric area Ratio- m/ ha 2008 2001 STCRBus
Bus stop distance See bel Aecessihility mdicators Ratio- m 2008 2001 STCP

Car ownership Ordinal - % Not used 2000 Mobility
Metro stop distance See bel Aecessibility mdicators Ratio- m 2007 Metro
STCP stop distance See bel Aecessibility ngicators Ratio- m 2008, 2001 STCP
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Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °

Train stopdistance See bel Auecessihility ndicators Ratio- m 2007, 2001, 1991  Google IFAP

Processes

Economy ©

Economic activity

Companies Ratio 2003 FUE

Companies net density Companies- urban fabric area Ratio- No./ ha 2003 FUE

Jobnet density Jobs+ urban fabric area Ratio- No./ha 2005 FUE
Public sector jobs are excluded

Jobs Ratio; Public sector jobs are excluded 2006 FUE

Jobs to labour force ratio Jobs+ labour force Ratio; Public sector jobs are excluded 2006 FUE

Trade and services

H & R establishments Ratio; Includes companies and individu: 2006 FUE
enterprises

H & R establishments net density H & R+ urban fabric area Ratio- No. / ha; Includes companies an 2006 FUE
individual enterprises

Street trade establishents Ratio; Includes companies and individu: 2005 FUE
enterprises

Street trade establishments net  Street trade+ urban fabric area Ratio- No. / ha; Includes companies an 2005 FUE

density individual enterprises

T & Scompanies Ratio 20 FUE
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4.5| Data processing (indicators)

Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °
T & Scompanies net density T & Scompanies- urban fabric area Ratio- No./ ha 2003 FUE
T & Sjob net density T & Sjobs+ urban fabric area Ratio- No./ ha 2006 FUE
T & Sjobs Ratio 2005 FUE
T & Slocation quotient See below entryEconomic indicator’s Ratio; 2003: societies; 2005: jobs 2005 2003 FUE

Manufacturing and construction

Construction location quotient See below entry "Economic indicators” Ratig 2003: societies; 2005: jobs 2005 2003 FUE
M & C companies Ratio 20 FUE
M & C companies niedensity M & C companies- urban fabric area Ratio- No./ ha 2003 FUE
M & Cjobs Ratio 2005 FUE
M & Cjobs net density M & Cjobs- urban fabric area Ratio- No./ha 2005 FUE
Manufacturing location quotient ~ See below entry "Economic indicators" Ratb; 2003: societies; 2005: jobs 2005 2003 FUE

Aagriculture and fisheries

A & Fjob density A & Fjobs+ terrestrial area x 1000 Ratio- No./ha 2001, 1991 Census
A & Fjobs Ratio 2001, 1991 Census
A & Flabour force Ratio 1999 1989 AC
A & Flalour force density A & Flabour force+ terrestrial area x 1000 Ratio- No./ ha 1999 1989 AC
Kitchen gardens Kitchen gardens utilised agricultural area x 1000 Ratio- No. / hag Not used 1999 1989 AC
Utilised agricultural area Ratio- ha 1999, 1989 AC
UAA proportion Utilised agricultural area terrestrial area x 100 Ratio- % 1999, 1989 AC
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4 | Modeling territorial structure at the borough scale

Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °

Economic diversity

Economic diversity See entry below "Diversity indices" Ratig 2003: societies; 2005: jobs 2005, 2003 FUE

Office and residential buildings Office and residential buildingsbuildings x 100 Ratio- % 2001, 1991 Census

proportion

Real estate market

Occupied dwellingproportion Occupied dwellings dwellings x 100 Ratio- % 2001, 1991 Census

Restored buildingproportion Restored buildigs+ dwellings x 100 Ratio- % Av, 20@- 2007, Census
av.1995 2001

Seasonally vacant dwellings Seasonally vacant dwellirggwellings x 100 Ratio- % 2001, 1991 Census

proportion

Urban expansion area available  Urban expansion area availabléerrestrial area x 100 Ratio- % 2000 SNIT

proportion

Vacant dwellingproportion Vacant dwellings dwellings x 100 Ratio - % 2001, 1991 Census

Interactions

Flows

Electricity consumptiomer capita  Electricity consumptior corrected consumers x Ratio- kWh; Per year Unavailable for 2008 EDP

dwelling ocupancy

Corrected consumers = families x (Occupied dwellings
proportion + Seasonally vacant dwellings proportion + 2 +

Vacant dwellings proportion + 6)

the municipality of Porto
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4.5| Data processing (indicators)

Table4.52 (continued)

Indicator * Formula ? Scale, units and remarks 2 Date * Data source °
Water consumptionper capita Water consumptiorn+ corrected consumers x Ratio- m®, Per year Available onlfor 2007 Water
dwelling occupancy the muncipalities ofEspinho, Maia,

Corrected consumers = Consumers x (Occupied dwellings Matosinhos and Porto
proportion + Seasonally vacant dwellings proportion + 2 +

Vacant dwellings proportion + 6)

Conflicts
Crimes against peopleer capita Crimes against people Ratig Per year Unavailable for Espinho 2007 PSPGNR
Pedestrian crashgser capita Pedestrian crashespopulation x 1000 Ratig Per year Only pedestrian crashes Av. 2001 2006 ANSR
with deaths or serious injuries
Mobility
Air quality
Air quality index Interval 1 = Very good; 2 = Good,; 2006 UFP
3 = Fair;4 = Weak; 5 = BagNot used
Data results from an air quality model
Modal share
Modal sharePT Ratio- % Only homework trips 2001, 1991 Census
Modal shareCar Ratio- % Only homework trips 2001, 1991 Census
Modal share2 wheels Ratio- % Only homework trips 2001, 1991 Census
Modal shareFoot Ratio - % Only homework trips 2001, 1991 Census
Pass Inhabitants with a transport passpopulation x 100 Ratio- % Not used 2001 STCP
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Travel time and distance

Trip time Ratio- min; Only homework trips 2001, 1991 Census
Land use changes

Urbanexpansion (Urban fabric area iret: Urban fabric area im} + Ratio- % 2000 2006 Satellite
terrestrial area x 100 1990 2000

Other variables

Geographic positioning

Distance to the head of See bel Aecessihility mdicatsu Ratio- m (Constant) CAOP
municipality

Distance to the head oPorto See bel Aecessibility ngicators Ratio- m (Constant) CAOP
Distance to the river Douro See below entry ~Accessi bilRatio-rm (Constant) CAOP
Distance to the sea Seebadw entry ~ Accessibility Ratiorm (Constant) CAOP

A & F: agriculture and fisheries; H & R: hotels and restaurants; T & S: trade and services; UAA: utilized agricujtBi&l pubéc transports.

Y Indicator names may differ slighffom the names used in graphs, but their correspondence is unambiguous.

2 Variablesare evaluated for each borough; some formulas or further explanations are pédsedhere because of space constraiianks were left when the
indicator coincides with the rawariable and therefore no computations were made

® Scale: ratipinterval ordinal or categorical; Units: counts are not mentioned

4 Av.: average between all the years in the interval.

® Refer toannexA.4 for data sourcecodes;only primary data sources are mentioned; data sources assteEnominators imormalizations are not referred.

® More information about the economic indicators is provided below anfldhle4.5-3.
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4.5| Data processing (indicators) 4.5.1| Land cover classification

Information provded in Table 4.52 is sufficient to understand how most of the indicators
were obtained. However, some of them required more extensive compuflige following

subsectionsprovide additional explanations abdhese @ses.

4.5.1 Land cover classification

Producingnd cover maps

The main goal oprocessing satellite imagessto obtain basicland cover maps for each of
the time periods under analysis (1990, 2000 and 200€) maps containing a broad
classificatiorof land cover typesA more detailed classification scheme would require a much
more sophisticated procedure than the one employed and additional resources, including
fieldwork to choose training sites and to access classification accuBdly.the taskwas
laborious anddemanding somesteps requiring a trial and error approach until aisfactory
result was obtained but it wasessential to calculatall land coverindicators shown infable
4.52. Image processing drclassification was conducted with the software Idrisi Andes, an
increasingly popular and powerful program to work with raster.

Figure4.51 synthesizes the whole procedur&he first step was the concatenation of iges
coming from different path rows anthe reduction of noisethrough principal components
analysis. Visual inspection of the principal components determined the retention of the first
four componentsthe remainder being discardable noise. Thanisa&canmon practice in image
classification (see,g. Gibson & Power, 2000 unsupervised classification was carried out first
to identify the main clusters of values gent in the imagesand which could in principle be
distinguished from each otheldsually the firstlO clusters account for about twahirds of all
pixels and contain all major land cover typ&grining sites were defined for most of them in a
total of aound 20 A maximum likelihood classificatiomas applied thereafterielding
preliminary classified imagesand cover types were then generalized iritmr broad classes
allowinga higher classification accuracy: urban, forests, other pervious surfadesaer. The
careful analysis of results and their systematic comparison with orthophotos was very
important to understand the behavior of the algorithm amdspot classification problem$he
mainerror was the misclassification of clay barrel tiles atiter urban fabric areas as bare soil
(nonirrigated arable land) and, in a smaller extent, the opposite. If not corrected, this problem
would inflate the urban fabric areaspecially in rural place§he correction was made
resorting to external cartogramy, which was accepted as reference. Whenever urban areas
were misclassified as soil, or \eersa, pixel classification was changed. Although this
procedure introduced some errors because of scale differences (if external cartogveghy
appropriate forthe intended use in this thesis then image classification would have been

unnecessary at the first place), it is still a definite worthwhile compronhisaddition, pixels
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4 | Modeling territorial structure at the borough scale

classified as urban in a time period were always considered as such in subgexyicetg Final
classified images were obtained after resampling to a pixel of 30 m so that comparisons

between different time periods could be performékhe results are shown ithe annexA.11

Prepared

Satellite images — lm_a_gf p:e pz.arat.!n_rT —
Almad? or[horec[ifieﬂ oncatenation and Corop I.'. |mage5
Years: 1990, 2000, 2006 l
Cluster analysis Principal
Signature development Insup d classification] | o .
component analysis

~20 signatures

aticn of the main
land cover types

Miize reduction

! Training / Maxlmur:nlllkgllhood
sites . classmcatl_on .
ISL.pL'".'lsL'd classification)
- Y —
Preliminary Preliminary { I Preliminary
classified image | classified image | | classified image |
Year: 1990 ] Year: 2000 [ | Year: 2006
Generalization Generalization Generalization
4 land cover classes 4 land cover classes 4 land cover classes
Error 4 Error Error
correction correction correction
Soil sealing Y
e —— — Year: 2006
. Corine Land Cover . T o .
Resampling | Year: changes 1990:2000 Resampling Resampling
[ Land cover map | / Land cover map | / Land cover map |
Year: 1930 / Year: 2000 ! Year: 2006

Figure4.51: Processing of satellite images to obtain classified land cover maps.

Producingopulation density maps
The calculation ofireabasedindicators at the borough levdtom thematic land cover maps
was straightforward, but enghy procedurewas necessary to deriven urban fabric map with

a very detailed distribution of populatiothat could be used as a source to compute
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4.5| Data processing (indicators) 4.5.1| Land cover classification

accessibility indicatorsThis type ofdasymetric mapsttemptsto circumvent the modifiable

areal unit probém and toavoid the secaled ecological fallacy, whereby the use of averaged

statistical values mask the diversity inside each (lwhitia, 2006 cf. the work of Silva, 2009b

who developed dine-grainedpopulation density map fahe regions West and Tagus valley, in

Portugal)

This time ArcGIS 9.3 was preferragivenits excellent capabilities to perform a greadriety of

calcul ations. Ar c GI S3 Model Buil der was particu
finetuningoft o oplarametersThe first step was the aoversion of raster images to thematic

vectors (one map for each land cover class). The procedure in represent&igure4.5-2

using Model Buil der3s symbol ogy.

Land cover
type
» Th ti
ematic map
o Select (vacton;
Rﬂg;r to
Polygon

Figured.5-2: Conversionof a raster image to ¢hematicland cover map.

P

Final classified
image (vector)

Polygons obtained from the conversion were simplified (radius = 30 m) and aggregated
(distance = 50). In addition, small polygons (area < 2480ware discarded and holes were
retained ony when their size was significant (area > 24Q%). Mihis procedure, even though
altering the results, allowed for smoother and more continuous polygons, avoiding peculiar
boundaries and their artificial separation, and eliminated insignificant isolatggbpsl The
bottom line is that the processed urban fabric is probably a more faithful picture of reality.
Lastly, urban fabric polygons were intersected with the distribution of population at the

statistical subsection level. Segure4.5-3 for the complete procedure.
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4 | Modeling teritorial structure at the borough scale

p
Simplify [ Aggregate
Polygon | Polygons

Reﬁair
Geometry

g

Intersect Multipart To

Singlepart

Figure4.53: Generation of dine grained population density map

The intersection of both layers (urban fabric polygons and statistical subsedjensated an
enormous amount of polygondAgtropolitan Area of Portais currently subdivided intal1424
subsections with the intersection, 18545 polygons were created@he population of each
subsection was then distributed by the smaller urban polygesslting from the intersection
described above proportionally to their area. The population sum at each subsection therefore
remained the same as found in the original dataset (BGRI). A very detailed map of population

distribution was obtained at the end.

4.5.2 Accessibility indicators

ESPON Monitoring Committee (2004nd Silva (2009ayvere used as theoretical foundations

in the selection of accessibility indicatofsccessibilitycan be defined aghe amount and the

diversity of place of activity that can be reached withinggi ven tr avel ti me an
(Bertolini, le Clercq, & Kapoen, 2005, p. 208 accessibility indicatorgwolvingdistances

were computed with theGenerate near tableolbox in ArcGIS.As inputs, the population

density mapand the referene points from where distancesught to becalculatedvere used

The computer determined the distance from each urbarygon to the nearest point and

generated a table with all of them. A weighted mean of distances was subsequently performed

to obtain a value for each borough (the weighting factor was the population of each polygon).

This procedure allowed foraveryprecie esti mati on of the average di

population to public equipments, for instance.
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4.5| Data processing (indicators) 4.5.3| Landscape metrics

4.5.3 Landscape metrics

The main theoretical sources of landscape metrics wiee@do, Miller, Ahen, & McGarigal

(2006) Magalhées, Abreu, Loousd, & Cortez (20MMitchell (2005)and Tsai (2005) These

indicators were computed using as source thapulation density map# distinction between

polygons and patches is necessary for the sake of riggrat&his a relatively homogeneous

nonlinear area that differs from itaigroundings (Forman, 199&s cited inLeitdo, et al., 208).

Polygotis used in its known geometric sense. Because of intersections between urban fabric
areas and population data at the statistical
classificationp), an ur ban mo elgons.Figorta454consi st

clarifies the distinction.

P

Patches Polygons

Figure4.54: Each unit on the left figure israirbanpatch;the correspondingpolygons on the ght are

colored according to their resident population.

Compactness
Compactnesspresents the degree of approximation of the actual urban form to the reference
form of a circle. It is calculatelly dividing the perimeter of a circle whose area is equivile

the real urban fabric area by the total perimeter of the urban fapdtches

2X mXA
Compactness = ————

where A is the urban fabric area in a given borough @the sum of perimeters of all urban
fabricpatchesAs compactness approach&ghe urban form becomes increasingly similar to a

circle.
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4 | Modeling territorial structure at the borough scale

Gni index
The Gini index, although more commgnhpplied to income inequalities, can be applied
other contexts to measure the degree of inequality of a distribution between the subjects

under analysis. It is given by the following formula:

Gini index = 0,5 Xi—Y

where N is the number of all polygons; is the proportion of urban area in patachandy; is

the proportion of population in patch (Tsai, 200% In this sense, the Gini index can be
interpreted as measuring the degree to which development is concentrated in a few parts of a
borough, regardless of higlensity sukareas being clustered or spsly scattered Tsai,
2005.To better understand the index, is it useful to keep in minattlit would maintain its
value in the event that the existing urban polygons (and their population) were randomly
assorted throughout the territory i(e, a random pattern of the originaérritorial structure).

In practice, the Gini index approach&sfor homogeneous distributions of the population
across the territory, and approache$ as the gradient of population densities increase
between urban polygons.

Mor ans3s |

Mor ans3s | was di r e ¢gpdtigl statistids toaldoxaantbrahis begon Asr ¢ GI S
computational formula is not presented héte Mor an?3 s I measures spat.
based on both feature locations and feature values simultaneously. Given a set of urban
polygons and the population of each, a high positive value indicatasighalensity sukareas

are closely clustered, a value close to zero means random scattering and a negdiiee

representsa  ~chessboardpu patTsa,r2005 seé¢ alsdFgure4.56)p me n t (

However, negative values are seldom encountered.

[ = [ o

I 1 I I

Dispersed - 2= Clustered

Figure4.55: Mo r alues rangd frora1,0 (dispersed pattern, on the left) to +1,0 (clustered pattern,
on the right).Source: ArcGIS 9.3 support.

13 Refer toMitchell (2005, pp. 12126)for detailed information.
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4.5| Data processing (indicators) 4.5.4| Population estimates

Besides the Moran3s | val ue, t hvalue Avalgathig e t 0 0 |
significance of the index. This igdause without looking at statistical significance it is not
possible to know if the observed pattern is just one of many possible versions of random. To
ensure consistency and accuracy, the Morans3s

respectiveZ scores.

Standard distance ratio

Another spatial statistic offered by ArcGIS is tlstandard distancéikewise its standard
deviation counterpart, the standard distance provides a single value representing the dispersion
of features around their geomatral center (in this thesis, the geometrical center was
determined as a weighted mean according to the population of each pol{igitchell, 2005

pp. 39-44). Because it is expected that larger boroughs will have larger standard distances, the

values were normalized so that comparis@tsoss different boroughwere meaningful:

Standard distance

Standard distance ratio =

wl N
STES

X

where A is the total urban fabric area in a given borough. The denominator represents the
theoretical radius of a circleircle whose area is equivalent to the observed urban fabric.area

Hence, as the ratio approachésthe sprawl of urban polygons is reduced.

4.5.4 Population estimates

Official population counts are carried out evely years. In the meantime, INE Statistics
Portugal- releasesyearly population estimates at the municifglel based on diverse sources
such aghe civil and SEF Aliens and Borders Serviceregistries.Population estimates at the
borough levelwere computedfrom the population counts in 200Assuming tht growth
trends observed between 1991 and 2001 peamisandthese results were themorrected so

that the official estimate$or each municipalitwould beaccurate

Of ficial population estimate,, 5006

Population estimate; = Biased pop. est.; X -
P 1, 2006 pop 1,2006 Biased phop. est.;m 2006

where the subscript denotes the borough and the subscript refers to the municipalityThe

biased population estimate; ;00 IS the expected population in 2006 assuming that
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4 | Modeling territorial structureat the borough scale

population follows an exponential functiowhose growth rate is given bythe growth rate
observed in the decade 1992001

Biased population estimate, = Population; 590, X growth rateflggl_zo01

, 2006

1
Population; 599, 10

Growth rate; 1991-2001 — -
b Population; 1991

These formulas allow more precise population estimates than simply asstih@nhghe
proportion of inhabitants in each borough relative to the respective municipality remained

unchangedince 2001 (the date of the last census).

4.5.5 Economic indicators

Data concerning economy was obtained from a very large database managed by INE
Statistics Portugal called FUE Statistical Units Database. It compiles a variety of information
about each ftistical unit (companiesorganizations municipalities public institutes etc.)
including for the private sector the number of employees and the annual turnover.
Unfortunately these data is not available for the public sector. The interpretatioimditators
must therefore be aware of this limitation. Doubts can be overcome with the aidaifle
4.53.

Table4.53: Correspondence between the Classification of EaoimActivities and the indicators.

Indicator Corresponding CAE 2.1 codes

Companies (all) A+B+C+D+E+F+G+H+I+J+K

Jobs (all) A+B+C+D+E+F+G+H+I+J+K

Construction F

Manufacturing C+D+E

Services J+K

Trade G+H+I

Hotels and restaurants No. 551+553+554+5551

Street trade No. 521+522+523+524+525+527+633+725
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4.5| Data processing (indicators) 4.5.6| Diversity indices

Location quotient
Location quotient indicators compare the local economy (the borqughthis thesis) to a
reference economy (théletropolitan Area of Portaregion) in order to identify specializations

in the local economy. It is computed according to the following formula:

Location quotient of sector i in borough j = %

P
where q; ; is the employment in the economic sectorin the boroughj , a; is the total
employment in borough (which corresponds to the variablipbsised in the calculation of the
economyfactor), 4; is the employment in the economic sectdérin Metropolitan Area of
Porto, and 4 is the total employment in théMetropolitan Area of Porto The results are
readily interpretable: a location quotientmwver thanl signifieghat the econanic sector being
analyzed is less concentrated in the local economy than in the reghile location quotients
higher thanl meanthat the economic sector being analyzed is more concentrated in the local
economy than in the region. A large location quati indicates local economic specialization. It
is noteworthy that the location quotient does not inform about the level of the economic
activity. In fagt smaller economies are probably more prone to disparate values of

specialization because of the srmalmbers in the equation above.

4.5.6 Diversity indices

Diversity measures are usually computed by adaptingthmalledShannons3s entropy:

N

Shannon's entropy = —  (p; X Inp;)
i=1

where N is the number of categories ang is the proportion of categoryi membersrelative

to the sumof all membersDetails are provided ifable4.54.

A value of 0 indicates maximum specialization. Economic diversity increases with the index
value and achieves a maximum emhall classes share equal proportions given by

In number of classes .
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4 | Modeling territorial structure at the borough scale

Table4.54: Categoriesused for the determination of diversity indices

Re s i d e nprcfessiopsdip | Economic se ctors (i)

Three classes Four classe¢based on the number gbbsin each economic activity

Agriculture and fisheries CAE 2.1 C+D+E: manufacturing
Manufacturing and construction| CAE 2.1 F: construction
Services CAE 2.1 G+H+I: trade

CAE 2.1 J+K: s&ices

4.6 Unused and unavailable data

Some of the indicators mentioned ifable 4.52 have a remark stating that they were not

utilized. They were not entirely removed from this thespgoposed framework becausgin

sonme casesdata werekindly provided by colleagues, and it would not be ethical to ignore

their prompt help. More importantlythose data were discarded becauseetth were good

reasons to do so:

e a dependent variable could not be adequately explained bywlbleaihdependent variables
(pedestrian crashes);

e datadi dn3t bri ng inferinaiondpedestriandroutes ankitchenlgardens)
given other indicators available

e datawere restricted to ane time period (car ownership);

e datacould not be comparedio other existing indicators (modal shares for 2006)

e data did not cover the entire study area (use of transportation pass);

e datawere unreliable egistry of volunteers and volunteering activi)ies

Besides the vast amount of data gathered, some impoitadicators could not be obtained:

car ownership for 1991 and 200&)odal shares for 2006 comparable to the cendesived
values for 2001 and B9 travel times and distances by transportation mode; average wage for
1991 and 200leconomic indicators 101991, and water consumption for the municipalities

whose values are lacking.

4.7 Data screening, reduction and cleaning

The stage of data preparation involved several steps in order to derive, from the large set of
original indicators, a smaller number ofleeant variables already cleaned from univariate

outliers and ready to be used imodeling Procedures generally follow the recommendations
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4.7| Data screening, reduction and cleaning 4.7.1| Data screening

of statistical textbooks such &@uinn & Keough (2002)Cohen, Cohen, West, & Aiken (2003)
andStatSoft (2007)All analyses were performed with the softwaBtatistica .8

4.7.1 Data screening

Screening was performed through a variety of methods, including &vd threedimensional
scatter plots, histogams and correlation matrices. This was a very important step because it

promoted acquaintance with data.

4.7.2 Data reduction: f actor and reliability analys es

The large number of indicators available surely conveyed redundant information. Aggravated
by the curseof dimensionality, an excessive number of input variables in models would most
certainly create unnecessary problems. Toarse of dimensionalifgnerally refers to the
exponential increase in computation and the difficulty involved in fitting moddimagiag
parameters, or optimizing a function when the dimensionality of input is increased (Kohonen
Kohonen, 2001

Factor analysis with principal axis factoring was perform&@ way tosynthesize data and to
determinethe number ofexistingdimensionsUnlike ordinary factor analysis, the aim was to
obtain a small number of new vables synthesizing existing indicatofithe statistical
procedure was carried duin Statistica 8 and followed the recommendationsGafstello &
Osborne (2005) StatSoft (2007)and Garson (2009) To guarantee theoretical consistency,
input indicators were chosen according to the structureTable4.5-1 (indicators belonging to
human capabilities, territoriadtructure, and economy wereentered separatelyin different

factor analysis)The number of factors was determined throughrallel analysis: only those
factors with higher than random eigealues were retainedGarson, 200R Hierarchical
factors were choserso thata more realistic stricture could be achieved (alsthere was no

need for orthogonalitypetween factors)

Factors were then separated from this initial structure containing all input variables: each
factor became a composite of the variables loading strongly on it. In additamh factor had

to be a construct of a meaningful set of indicators conveying information about a relevant
process.To maximizethe consistency othe indicatorsselected foreach factorCr onbac h?3 s
alpha was calculatddn standardizedndicatorvalue}. An iterative process readilavailable in
Statisticaled to the removal of indicators until excellefd > 0,90) or very good ¢ > 0,80)
reliabilitieswere achieved. The combined use of theory, factoralysisand Conbach3 s al pha
ensured both untdimersionality and high consistency of the chosen indicat@Garson, 2009;
StatSoft, 2007; Yu, 20p1
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4 | Modeling territorial structure at the boroughcale

In order to obtain the values of the new variableactbr analysis was again conductad a
factor at a timeand having as inputs treelected subset of indicatotselonging to that factor

(i.e, the indiators resulting from the procedure described abovéjactor loadingsare
presentedin annex A.6. The resulting scoresre new variablesepresening the common
variance of constituent indicatgrsvhich can be understood as a syntieof the information

they convey. Factor scores were then standardized to facilitate comparability between them.
Correspondencebetween factor scores and theriginal unitsof constituent variables is
provided inannex A.7. Correspondence between the z scores of single indicators and their

real units is given by the standard deviation (aegexA.8).

4.7.3 Final datasets

The final datasets used as inputs in models are

e a longitudinal dataset covering the yeafs1991 and 2001 to study mobility patterns and
urban growth Table4.7-1);

¢ a longitudinal geographical dataset covering the years of 1991, 2001 and 2006 to map land
cover and land cover changes;

e and a crossectionaldataset covering the year of 2006 to describe the region and to study
water consumption, electricity consumption, crimes against people, pedestrian crashes, air
(Table4.7-2).

Each datasetombines both the factors anhsingleindicators which were added whenever

they representedmportantissuesnot adequately represented in anythe calculated factors.
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4.7| Data screening, reduction and cleaning

Table4.7-1: Factor structure and single indicators used in thrgitudinal dataset (2001991).

Human capabilities Urban form Transports Economy Interactions
Education Aging/Lone h ouseh. Density Accessibility Bus net density Economy Modal share: PT
Higher education Aging Building age Healthcare distance | Train sbp distance Companies net density Modal share: Car

llliteracy
Resident s
Secondary education

School desistance

Dwelling occupancy
Family size

Lone person housedids

Income support
Students
Unemployment

Wagé

Dwellings per building
Mor ans3s |
Population density
Population net density
Urban patch av. area

Urban patch density

Highway distance

Junior school distante

Secondary school dist

Economy

Sports faciliti€'s

Dispersion **
Gini index
Standard distance

Urban fabric proportion

Green spacalistance

Agriculture

A & F jobs

A & F job density

A & F labour force

A & F labour forcedensity
UAA

UAA proportion

Job net density

H & R net density

Street trade net density
T & S companies net den

T & S job net density

Modal share: Foo

Trip time

Occup. regularity
Occupied dwell. prop.

Seasonally vac. dwell.

Economic diversity

Urban expans. aregrop.

Urban growth
New dwellings
New buildings

Urbanexpansion

Note: variablesn the datase{factors and singledicators)are shaded factor names arshaded and bolded , andconstituent variables appeas regular text.

A & F: agriculture and fisheries; H & R: hotels and restaurants; T & S: trade and services; UAA: utilized agricultural area

* Because of lacking dathgse variables are assumed to be constant with time.

4 The namedispersiowas preferred instead aprawlbecause there was no possibility, at this point, to check whether this factsr avgood measure of urban

sprawl or not.
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Table4.7-2: Factor structure and single indicators used in the cresstional dataset (2006).

Human capabilities Urban form Transports Economy Intera ctions
Education Aging/Lone hh. Density Accessibility Bus net dens. | Economy Agriculture Air quality
Higher edud. | Aging Building net density | Healthcare distance | Metro stop dist. | Jobs A & F jobs Crimes against peoplt
lliteracy Dwell. occupancy | Compatness Highway distance Train stop dist. | Job net density A & F job density Electricity cons.
Sec. educatidn| Family size Dwell. per building Junior school dist. Office resid. build. | A & F lab. forcé Pedestrian crashes
Student$ Lone person hous.| Moran 3 s | Kindergarten dist. H&R A & F lab. force den's.| Water cons.
Population density Primary school dist. Street trade UAA
Pop. net density Sec. school distance T &S jobs UAA proportion” Urban growth
Abstention Birth rate Urban patch av. aee | Sports faciliti€’s T & S. job net dens New dwellings

Child mortality
Inc. support

Wage

Resid. job divers.
Unemployment

Youth NGOs

Dispersion
Gini index
Standard distance

Urban fabric prop.

Basic services
Drinking water prov.

Sewerage provision

Natural capital

Forest proportion

Forestprop. non urb.

Green spacalistance
Damaged buildings

Native forests

Note: variables in the dataset (factors and sirigtiicators) areshaded; factor names arehaded and bolded, and constituent variables appear as regular text.

T & S loc. quot.

Economic diversity

Urban exp. area

Occup. regularity

Occupied dwell. prop.

Seasonally vac. dwell.

New buildings

Urban expansion

A & F: agriculture and fisheries; H & R: hotels and restgtara & S: trade and services; UAA: utilized agricultural area

* Because of lacking dathe most recent values from 2001 or 2002 were used
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4.8 Data analysis

The last methodological step involved the analysidaté resulting from processing, screening,
reduction and cleaning. The analysis was carried out through multiple complementary
procedures described in the following topiche most important esults are displayed in

chapter5 whereas supplementary material is provided asean

4.8.1 Descriptive statistics

A number of basic descriptive statistidgnean, median, standard deviation, quantiles,
percentiles, minimum, and maximum values, skewness, kurtosis) and graphs (histograms,
normal pradoability plots) were computed for each varlabln addition, correlation matrices

for all variables in each datasee provided irannexA.8.

4.8.2 Thematic maps

A number of hematic maps portray the values of the most relevant factors and
sirgleindicators for each boroughArcGIS 9.3 wasisedfor this purpose. Since factors are z
scored,| decided to present all maps in standard deviation units, which also emphasize relative

differences across the territorial units.

4.8.3 Population density , land cover, and urban expansion

Maps with éur land cover classes resait from the process described in sectich5 Lahd
cover classificationp T he s ame s epeparatonof detailed populaton dersity
maps.

A map showing urban expansion areas for the periods 190600 and 2002006 was
obtained using theymetrical differentalbox of ArcGIS 9.3. For instance, urban expansion
between 1990 and 2000 was the spatial difference between the urban landicd2@00 and

in 1990. The resulting layer was cleaned by deleting all small polygons (area <%400 m

4.8.4 Modeling mobility patterns with structural equations

SEMrepresents a general and flexible technique capable of testing complex causal models,
latent canstructs and access the resulting model Ktige, 2005; Tomarken & Waller, 20p4
Unlike multiple regression, vwase models are necessarily straightforward and use up all
degrees of freedom in the calculation of parameter estimates, in SEM the researcher usually
presumes that several parameters are constrained and explicitly models error terms, allowing

the test of specific hypothesis anihe estimation ofmodel fit. SEM is therefore regarded as a
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confirmatory methodology rather than exploratory. Parameter estimation is done comparing
the actual covariance matrices representing the relationships between variableshend
modelimplied covariance matriceS¢humacker & Lomax, 2004; Shipley, 3004

Although SEM is often referred aausamodelingcausal relationships can only be determined
when a demanding set of criteria amget (Twisk, 2003. Observational studies such i one

put forth by this thesisdo not usually fulfill all of those criteria éntherefore, the issue of
causation must be regarded with cauti@till, hiswork represents a importantstep towards

the establishment of causal relationships because a longitudinal dataset consisting of two time
periods was used. The versatility oEM¥ makes it an increasingly popular method to test
longitudinal data, as the interest for latent growth and other longitudinal data models among
the SEM communitgemonstrateqBollen & Brand, 2008; Tomarken & Waller, 2004

The potential of SEM is offered at the cost of stricter data and sample size assumptions: in
addition to the common multiple regression assumptions, maximum likeliresionation
requires data to be multivariate normal. Moreover, SEM is regarded as a large sample
technique, especially when the number of parameters to be estimated is Klige, (2005.
Methods less sensitive to the normality assumption, such ageheralized least squatesially
require very large sample sizeShipley, 2004and are not therefore of practical interest for

this thesis. Recently, robust methods of estimation have been developed that corredtefor t
effects of skewness and kurtosis on the maximum likelihood results. These methods provide
accurate estimates of standard errors for the parameters and for the modebaumre
(Shipley, 2004; Tomarken & Waller, 2Q00#he most relevant limitation of SEM is the difficulty

in modelingnonlinear effects. Although it is psible to add interaction effects similarly to what

is done in multiple regression, several problems may ads¢il computer prograns start to
incorporate easier to use techniques, most research papers involving SEM probably will
continue to skip testindor interactions Tomarken & Waller, 200% Estimation difficulties and
goodness of fit problems obliged me to ignore interactions as well.

Partial least squaresms considerd as an alternative to SEM, but the often proclaimed
advantages in terms of relaxed assumptions about data do not seem to hold in Monte Carlo
simulations. In one such studgpoodhue, Lews, & Thompson (20063howed that there was

no evidence that partial least squares had an advantage in terms of power at small sample size
when compared with SEM. Moreover, parameter estimatbtinedby SEMwere closer to

the true values than the estirtes obtained by palatial least squares.

Procedure and parameters
SEM was performed using the softwd&®S 6.Jccording to the recommendations Gfarson
(2009) Kline (2005)andSchumacker & Lomax (20048trictly speaking, this thesis employed a

hybrid methodology between structural equations and path analysis because the latent
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variables used were prewsly obtained as scores resulting from exploratory factor analysis
(cf. section4.7). As a result, confirmatory factor analysis was not necessary. Maximum

likelihood was employed to estimate models. Covariance matrices were adalyze

The following steps were followed:

1. the distribution of the variables was checked. The only variable significantly kurtotic was
economy;

2. the first model was built considering the knowledge in the field and the availability of data.
Statistically, the wdel proposed follows the basic rationale behind tla¢ent difference
score dynamic modeééveloped byFerrer & McArdle (2003) This model exficitly
addresses the levels of variables at a given period and their change in subsequent periods;

3. the normalized estimate of Mar di a®s coeffici
multivariate normality. EQS output indentified the cases with thgdsir contribution to
multivariate kurtosis, which were considered outliers and removed,;

4. goodness of fit statistics indicated that the original structural model was a poor
representation of reality;

5. the achievement of a good model requirggikting for sevenl alternative possibilities. As
models with numerous variables become very complex, different configuraticaik of
them respecting theory are possible. This stage relied mainly on thesthuare test and
on the standardized root measquare residuas indicators of model fit;

6. after a good theoretical model was developed, modification indices (the Wald test for
dropping parameters and the Lagrange test for adding parameters) were analyzed to
improve model fit. Literature, however, cautions againshad maodifications not backed
up by compelling theoryGarson, 2009; Kline, 2005; Schumacker & Lomax, 2004

7. a final model was attained when both theory and indigedicated a good fit. Model
chisquare, which should not be significant at the 5% level, was particularly relevant
(Shipley, 2004for instance, questioned the scientific foundations of other fit indices; and
recently, Chen, Curran, Bollen, Kirby, & Paxton, 2Q00Bas shown that there is no
empirical support for the 0,05 cutoff value associated with the root mean square error of

approximation).

Variables ahcases

The longitudinal dataset in the wide fornfatvas used but the variablesiucatiorand density

for which both 1991 and 2001 values were available, were changed so that one of their

% 1n the wide format, each row represents one subject, and different observations for the same subject

appear in different columns.

225



4 | Modeling territorial structure at the borough scale

observations represented the value in 1991 and the other obsema#presented the change
from 1991 to 2001. The number of cases (n = 127) comply with the recommendations of
Hoogland and Boomstra (1998), as citedShipley (2004)When data is severelgonnormal,

they suggest a minimum sample size of fivel@atimes the degrees of freedom f(d= 13).
Three models were developed, each having one main dependent variable:

¢ modal share: car (2001 and 1991);

o modal share: public transports (2001 and 1991);

e modal share: foot (2001 and 1991).

The following variables were also included in the modedsication(1991), education change

(1991: 20019, wage (2008), density (1991), density changg1991: 2001), economy (2005),
accessibility2001) andbus net density2008). Other variables were not used because they did

not improve significantly the explanayocapacity of models and because their inclusion would

create exceedingly complex models requiring very large sample sizes.

Final model

The final basic structural equation model proposed is displayeBignre 4.8 1 (see also

equatins below). It is a longitudinal model where different periods are being modeled

simultaneously. The rationale behind the model is as follows:

e modal shares in 1991 were explained by a set of variables from that period, while modal
shares in 2001 were exptad by those same variables and additionally by variables
indicating the change from 1991 to 2001. Because of data shortcomings, some variables
had to be considered timeless;

e density, accessibility and bus net density (variables concerning the territmicl
transportation structure; cf.Figure 4.21) at one period were assumed to be a
consequence of education so that residential-seléction phenomena could be accounted
for. This probably conservative approach is routinely employe&EM(Abreu e Silva,
2007; Mokhtarian & Cao, 2008; Van Acker, et al., 2007

e economy, accessibility and bus net density in one period were considered a consequence
of density since they adapt or profit from iremsed human concentrations;

e changes in education (from 1991 to 2001) were understood as a consequence of prior
educational, density and accessibility levels, thus accounting for the expectecttteel
changes and for the changes due to the migratiothefyoung educated persons from the

denser boroughs towards accessible and cheaper places in the urban fimstjeuto

% This represents the value in 2001 minus the value in 1991.
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Nacional de EstatisticaDireccdo Regional do Norte, 2004Changes in density were in
addition explained by changes in the educational level, again to account for the self
selection bias;

e residuals from fitting the equations involving modal shares were assumed to covary. This
technique was employed to account for the effect of unavailable explanatory variables that
were a common cause of the variables being modeled. Specifically, the effect of variables
such as car ownership, the ratio of travel time by car to the travel time poylic
transport, or even historical reasons that help explain modal shares but were unavailable,

was controlled so that parameter estimated could be as reliable as possible.

The following equations correspond to the structural model presenteBigure4.8-1 (Note: *
indicates a free parameter to be estimated; variances and covariances are not indicated; main

dependent variables are the modal shares of car, ptrdlitsports,and foot):

Wage = *Education (1991) + E4

Educatiorchangg1991: 2001) = *Wage + *Education (1991) + *Density (1991) + *Accessibility + E8

Economy = *Education (1991) + *Density (1991) + E11

Bus net density = *Education (1991) + *Economy + *Density (1991) + *Accessibility + E12

Density (1991) = *Education (1993)E13

Densitychange (19912001) = *Educ(1991) + *Educ. (1992001) + *Density (1991) + *Access. + E14
Accessibility = *Education (1991) + *Density (1991) + E15

DV1 (1991) = *Wage + *Educ. (1991) + *Economy + *Bus net dens. + *Density (1991) + *Acdegas. +

DV2 (2001) =*Wage + *Education (1991) + *Education (192001) + *Economy + *Bus net density +
*Density (1991) + *Density (1992001) + *Accessibility + E21
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E20 21

EDUCAT1

WAGE

E1l1

v

ECONOMY

DV1 < BUS

E12

DENS1

V_EDUCAT

E13

Figure4.81: Final structural equatiomodel. DV1 and DV2 were substituted respectively by the modal
shares of car (1991 and 2001), by the modal shares of public transports (1991 and 2001), or by the
modal shares of foot (1991 and 2001). EDUCAT1: education (1991); V_EDUCAT: educh#oge

(1991- 2001); DENSL1: density (1991); V_DENS: densitgnge(1991 2001); BUS: bus net density
(2008).

Characteristics of the final models:

e degrees of freedom = 12;

e number of dependent variables = 9;

o number of independent variables = 10;
e number of free paramets = 43;

e number of fixed nonzero parameters = 9.
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Testing of assumptions

The Mardia®s test for multivariate normality
the three models: a normalized coefficient of 11,28 was obtained (values higher #&n 1,
indicate significanbonnormality at the 95% level). Histograms for some of the dependent
variables are provided irFigure 4.82. All graphics reported were obtained after the
elimination of outliers. Because data were not multigg normal, the estimation of standard

errors and the chisquare test were performed resorting to robust methods available in EQS

as recommended b8hipley (2004andTomarken & Waller (2004)
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Summary: Modal share of PT (1991)
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Summary: Modal share of car (1991)
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Summary: Modal share of foot (1991)
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Figure4.8-2: Histogram, descriptive statistics and normality evaluation for the three main dependent

variables.

No serious multicollinearity problems were detected by EQS.

Testing of model fit followe the recommendations oSchermelledEngel, Moosbrugger, &
Mdller (2003)and Shipley (2004)Selected fit indices are presentedTiable4.81 (for detailed
goodness of fit results clable5.41). According to thechisquare test, for the car antbot

shares models there were not enough evidence of significant differences between the
covariance matrices of those models and the population covariance matrices. For the share of
public transport, the differences betweethe modelimplied covariance matrix and the
population covariance matrix was significapt £ 0,02). However, asSchermellefEngel,
Moosbrugger, & Miller (2003emark, the chisquare test is very sensible. Other fit indices
suggest tht the public transport model is also correctly specifiddl. goodness of fit statistics

are presented in sectiob.4.
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Table4.81: Selected fit indices and respective rules ofntiu

Assessment of models ?

Fit measure  Good fit Acceptable fit

Car PT Foot
Tests of significanée
12 (p-value) 0,05 < p01,00 0,01 < p00,05 Good Acceptable Good
v?/ df 00y2?/df 02 0 0y?/df 02 Good Good Good
Descriptive measures of overall model fit
RMSEA 0 ORMSEA00,05  0,050RMSEA00,08 Good Poor Good
SRMR 0OSRMRD0,05  0,050SRMRO0,10  Good Good Good
Descriptive measures based on model comparisons
CFl 0,970CFIO1,00  0,950CFI00,97 Good Good Good
NNFI 0,97ONNFI 01,00 0,950NNFI 00,97 Good Poor Good
GFI 0,950GFI101,00 0,900GFI100,95 Good Good Good

1 Based on robust estinars.

2 The YuarBentler residuabased statistic was used for significatesting

Outliers and residual analysis
The following cases contributed significantly to multivarizd@normality and therefore were
considered outliers and removed: Foz do Douldiragaia and Nevogilde. Residual analysis did

not detect any other outlier Figure4.8-3).
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Figure4.8-3: Distribution of standard residuals in the model concerning the share ofsiauilér results

were obtained for the two other models).
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The test for the spatial autocorrelation of residuals was not performed because no conclusions
could be drawn from it. Since it was specified that the residuals from the main dependent
variables weg correlated (a common practice to account for common causes not represented
in the model; cfFigure4.8-1), autocorrelation may be present because of the effect of omitted

variables.

4.8.5 Modeling mobility patterns with support vector ma  chines

Data mining is a new type of exploratory and predictive data analysis whose purpose is to
delineate systematic relations between variables wd@nioriexpectations as to the nature of
those relations are incompletd_gan, 200p Data mining and stistics share many techniques,
but historically “it might be that statistics |
whereas data mining has been more concerned with formulating the process of generalization
as a search through possible hypothgse@/itten & Frank, 2005 Data mining is more
interesting when used in large datasetorder to uncover hidden trends and patterns in data
(Luan, 2002

In this thesis, the main goal of employing data mining was to compare a statistical method that
is based on traditional statistics (structural equations) with a technique whose result is
oriented towards prediction accuracy and not with providing explanations or causal
relationships. In addition, data mining techniques are usually able to detect nonlinearities in
data and are less influenced by outliers than traditional statistical te@wmigjhis is because of

the ability to carry out crossvalidation during model building, which avoids overfitting and
produces relationships between variables that are more generalizable to different datasets
(StatSoft, 200)7

Different data mining methods available in Statistica 8 were tried and thenlnggsof-fit
compared. Support vector machines consistently yielded the best results in terms of prediction
error and were therefore chosen as the preferred method. This method performs regression
and classification tasks by constructing flexible andimesrl decision boundariesStatSoft,
2007).

Procdure and parameters

Procedure followed the recommendations dsu, Chang et al. (2003pata were divided into
training (75%) and test (15%) samples according to a ys@aaljfied random sampling. Various
parametes were determined automatically by the software througfold crossvalidation so

as to achieve a minimal validation error:
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o modal share of public transports: regression type 1 (C=6,000, epsilon=0,200); kernel: radial
basis function (gamma=0,200); numbeéspport vectors= 75 (56 bounded);

e modal share of car: regression type 1 (C=16,000, epsilon=0,100); kernel: radial basis
function (gamma=0,200); number of support vectors= 48 (13 bounded);

e modal share of foot: regression type 1 (C=4,000, epsilon=0,208)nek: radial basis

function (gamma=0,200); number of support vectors= 59 (38 bounded).

Variables and cases

The longitudinal dataset in the long format was used with 260 and 130 subjects. Three
models were developed, each having one main dependeiatleri

e modal share: car (2001 and 1991);

e modal share: public transports (2001 and 1991);

e modal share: foot (2001 and 1991).

The following independents were used for each of the dependent variables and retained in the
model: year (2001, 1991),education (2001, 1991),unemployment(2001, 1991),income
support (2001, 1991),wage (2008), students (2001, 1991),density (2001, 1991),bus net
density(2008),economy(2005), andagriculture(1999, 1989).

Model visualization

In order to understand the models geneedt, fictitious data for the independent variables
were assembled and the results predicted. When the influence of one independent variable
was being studied, the levels of all the other independents were kept constant. In addition,

values did not go beyonithe range of observed values in the original dataset.

4.8.6 Modeling urban growth with generalized estimating equations

Longitudinal data from 1991 and 2001 were available to model urban growth. As would be
expected, urban growth in these two time periods waghly correlated (= 0,79), rendering

the generalized linear models inadequate. These models have been extended to accommodate
correlated data either by generalized linear mixed models or by generalized estimating
equations ardin & Hilbe, 2002; Hedeker & Gibbons, 200%he latter was preferred because

both methods are equally apppdate (Twisk, 2003 and because the use of random effects
requires the satisfaction of highly unrealistic assumpti@udlén & Brand, 2008When using
generalized estimating equationBrge parameters must be specified by the researcher: the
distribution of the dependent variablehe form of correlation matrix for the repeated

measures, and the link function between the dependent and independent variables.
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Procedure

The generalized estimating equatinadule of SPSS 17.0 was used to carry out the analysis

according to the folloving procedure:

1. the distribution of the dependent variable was selected after comparing the fit of different
distributions through the quadikelihood under the independence model criterion. The
log-normal distribution proved to be the best option. A norindistribution of urban
growth and a log link function were therefore chosen;

2. as recommended bgZui & Qian (2007) the correlation structure minimizing the quasi
likelihood under independence model criterion when all input variables were entered in
the model was chosen as the most suitable. An indepah correlation structure was
selected;

3. the terms in the equation were selected as describednindelingcrimes against people:
nonsignificant effects were removed one at a time based on theialpes (the higher the
value the more likely the variable waemoved) and on theoretical grounds (variables
likely to be related to urban growth were removed later). As the terms were removed,
corrected quasi likelihood under independence model criterion was checked to guarantee
that model fit improved. Nonlineaeffects were tested similarly as an addition to an
equation already containing the main effects identified first;

4. residual analysis, although hampered by the lack of statistical outputs (only raw residuals
and Pearson residuals are available in SPSS)itteerithe deletion of visible outliers. The

process was repeated (points 3 and 4) until an acceptable model was achieved.

Variables and cases

The longitudinal dataset in the long formfaivas used withn = 252 and 130 subjects. The
dependent variable was han growth (20002006, 19902000) modeled with a log link
function. As independents the following were initially used (only the underlined variables were

retained in the final modeldistance to Portg distance to river Dourg accessibility(2007),

agricuture (1999, 1989)distance to the seadistance to head of municipalitiirth rate (av.
2001 2006, av. 1993000), density (2001, 1991), natural capital (2001, 1991). Nonlinear

terms retained?. distance to river Dourd, accessibilifyy anddistance to Brto x accessibility

1n the long formatall time periods of the same measure are grouped into the same column. Each row
represents one observation.

18 Superscripts in the variable namepresent (squared) exponents.
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Testing of assumptions
The distribution for each time period of urban growth showing the best fit was thentmgnal

(Figure4.8-4). All graphics reported were obtained after the elimination ofli@us.

Variable: Urban growth 2001, Distribution: Log-normal Variable: Urban growth 1991, Distribution: Log-normal
Kolmogorov-Smirnov d = 0,07374, p = n.s. Kolmogorov-Smirnov d = 0,11021, p < 0,10
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Descriptive Statistics
Variable validN | Mean | Minimum | Maximum | Std.Dev.
Urban_growth 1991 127 4,988317 | 3,887580| 8,111820 0,928550
Urban_growth 2001 125 4,992030 | 3,421110| 8,059040 1,069420

Figure4.8-4: Histogram and descriptive statistics for urban growth.

No serious multicollinearit problems were found since all correlations were below Of8kle
4.82).

Table4.82: Correlation matrix for all variables retained in the final model of urban growth.

Urban_growth - Estimated correlation matrix of estimates

Distribution : NORMAL

Link function: LOG

Distance_ | Distance_ | Accessibility | Agriculture 1*3 22 32
Effect Porto Douro
Intercept 0,168781  -0,420546 -0,459812 -0,034153 | 0,006595  -0,658631 | -0,346955
Distancia_Porto 1,000000  -0,677897 0,377557 -0,531840 | -0,036297 | -0,297723 | 0,090163
Distancia_Douro -0,677897 | 1,000000 0,107685 0,219955 | -0,152975 | 0,400351  0,000299
Accessibility 0,377557 | 0,107685 1,000000 -0,134793 | 0,049490 0,026530 | 0,558714
Agriculture -0,531840 0,219955 -0,134793 1,000000 | 0,014161 0,080067 | -0,025691
Distancia_Porto*Accessibility |-0,036297 | -0,152975 0,049490 0,014161 = 1,000000 0,099887  0,604540
Distancia_Douro2 -0,297723 | 0,400351 0,026530 0,080067 = 0,099887 | 1,000000 ' -0,088082
Accessibility’? 0,090163  0,000299 0,558714 -0,025691 = 0,604540 -0,088082 | 1,000000

Outliers and residual analysis
Residual analysis and detection of outliers were conditioned by the availability of only two
statistics: raw and Pearson residuals (which, in fact, were almost identical). According to th

reccomendations oHardin & Hilbe (2002)observations clearly isolatein the scatter plot
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4 | Modeling territorial structure at the borough scale

shown inFigure4.85 were considered outliers and removed: S&o Pedro da Afurada (1991),
Vermoim (1991), Agugadoura (1991), S&o Pedro da Afurada (2001), Senhora da Hora (2001),
Povoa de Varzim (2), Vila do Conde (2001) and Pedroucos (2001).
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Figured.85: Residual analysis of the urban growth model.

There was not enough evidence of spatial autocorrelation: thealpe associated with the
Mo r almwlassnonsignificant (index = 0,015299¢, = 0,567008) suggesting a random spatial
distribution Mitchell, 200%. The threshold distance used in calculations was 5000 m.

Model visualization
The profileroption of Statistica 8 was used in order to better visualize the results of the model

obtained.

4.8.7 Modeling water consumption with multiple r  egression

Multiple regression was chosen to model water consumption because it is a widely used
statistical method whose advantages and limitations are well known. It is a simple method, easy
to grasp and to carry out, although its reliability is only gueeed when several assumptions

are satisfiedGenerally, multipleegression is employed to predict the variance in a dependent
variable based on linear combinations of independent variabish predictor is assigned a
coefficient representing the amounthat the dependent variable changes when the
corresponding independent changes one ,uanitd while all other variables are held constant.
Nonlinear relationships camlso be modeled through the ddition of power terms, and

interactions between variablesan be tested by adding crepsoduct terms. Parameter
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4.8| Data analysis 4.8.7| Modeling water consumption with multiple gezssion

estimation is usually carried out by ordinary least squares. The most relevant limitation of
multiple regression is thdact that only simple models can be testeédditionally unlike
structural equabns - where complex causal relationships can be forged and degrees of
freedom are available to assess model fihultiple regression uses up all available information
in the estimation of parameters. Multiple regression can predict, but not expaansn,
2009; Quinn & Keough, 2002; StatSoft, 20@¥%sumptions are referred below.

Procedure

Multiple regression was performa using thegeneral regression moduatsdule of Statistica8

according to processecommended byuinn & Keough (2002)

1. the distribution of the dependent variable was checked;

2. the independent variables (theinain effectswere added;

3. the option best subsetavailable irStatistica, waselected This useful tool chooses the
combination of i ndependent variables that
criterion to compare the fit of different sule$s of variablesThe method has great
advantages over alternative methods of varialgiedion such as the stepwise entry or
removal, whose use is currently discouragedduese of its lack of consisten¢@uinn &
Keough, 2002; StatSoft, 2007 When more than one subset
Cp-valies, the subset with the least number of variables was chosen for the sake of
parsimony and generality;

4. nonlineareffects were tested subsequently as an addition to an equation already containing
the main effects identified firsThe coefficients ohonlinear terms can only be trusted
when the main effects are also present, even if main effects benonsggnificant with the
addition of thenonlinearterms (Carte & Russell, 2003; Cohen, et al., 2003; Cortina, 1993;
Irwin & McClelland, 2001 All quadratic effectsand twoway interactionsof the main
effect variables were addetheir best subsetwas thenselected through the method

described inthe previouspoint. Interactions were computed as the cross product afoh

pair of main effect variables. The combinatiomohlineare f f ect s mi ni mi zi ng

was chosen;

5. residual analysiwasperformed to detect outliersand to verify the satisfaction of multiple
regression assumptionéfter deletion of outliers theprocess was repeated (points 3,
and 4 until an acceptable model was achieved. fiasessaryo meet the assumptions of

multipleregression so that parameter estimates aighificance testinganbe trusted.

Variables and cases
The crosssectional dadset was used with = 45 (only data from the municipalities of Espinho,

Maia, Matosinhos and Porto were availablEle dependent variable wagater consumption
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4 | Modeling territorial structure at the borough scale

(2007). As independents the following were initially used (only the underlined variables were
retained in the final modgl aging/lone person household2001), agriculture (1999), wage
(2008), education (2001), birth rate (av. 202006, income support (2007), unemployment
(2008), density (2006), natural capital (2006), accessibility (2007} $basiices (2001),
damaged tildings (2001), economy (200and occupation regularity (2001No nonlinear

termswere retained.

Testing of assumptions
Water consumption followed a normal distribution as the ShajWiok test proved
nonsignificant(Figure 4.86). All graphics reported were obtained after the elimination of

outliers.

Summary: Water_consumption

Shapiro-Wilk W=,94986, p=,05019 Normal P-Plot: Water_consumption
—— Expected Normal
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Figure4.8-6: Histogram, descriptive statistics and norryadivaluation for water consumption.

No multicollinearity problems existed since tolerances and variance inflation factors were far
from the recommended cubff valuesGarson (2009)suggests that tolerance values > 0,2 or

variance inflation factors 4 indicate a multicollinearity probleifTable4.8-3).

240



4.8| Data analysis

Table4.83: Collinearity statistics fomdependentariables retained in the model of water consumption.

Collinearity statistics for terms in the equation

Sigma-restricted parameterization

Tolernce | Variance
Infl fac
Effect
Aging 0,789317  1,266919
Wage 0,966047 1,035146
Agriculture 0,792831  1,261304

4.8.7| Modeling water consumption with multiple regression

Varianceswere fairly homogeneous across the sample, thus satisfying the assumption of
homoscedasticityRigure4.8-7).
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Figure4.8-7: Scatterplot of predicted values vs. standardized residuals to test for homoscedasticity of

the water consumption model.

Ouitliers and residual analys

Restlual analysis was carried out according to the recommendatior@obien, Cohen et al.
(2003) Garson (2009) and Quinn & Keough (2002) Plots of leverage, discrepancy

(standardi zed

resi

dual

S

against

were examined Cases exceeding coff values (leveragm 0 , 5 ;

studenti zed de

Cookms$)-dj stance

when these criteria proved too lax case<learly isolated from the others by visual inspection

were further analyzed and usually removed from the model. Specifidadyfplowing outliers

were deleted:Lavra,Foz do Douroand NevogildeResidual analysis of the final modedgests

a correct specification and fiE{gure4.8-8).
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Normal Prob. Plot; Standardized residuals
Dependent variable: Water_consumption
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Figure4.8-8: Residual analysis and identification of outliers inager consumption model.
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There was also not enough evidence of spatial autocorrelation: thalye associated with the

Mo r a n 3 snondignifiwamts(index ,092016 p = 0,13498% suggesting a random spatial
distribution (Mitchell, 200%. The threshold ditance used in calculations w4300 m.

Model visualization

The profileroption of Statistica 8vas usedri order to better visualize the results dhe model

obtained.

4.8.8 Modeling electricity consumption with multiple

Procedure

regression

The same proceduras describedh modelingwater consumption was followed.

Variables and cases

The crosssectional dataset was us&dth n = 103 (data from Porto were not availableJhe

dependent variable waslectricity consumpti2007). As independents the following ree

initially used (only the underlined variables were retaiirethe final modégt aging/lone person
households (2001), birth rate (av. 20012006, building age(2001), density (2006),
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4.8| Data analysis 4.8.8| Modeling electricity consuption with multiple regression

unemployment(2008),wage(2008), education (2001), income support (@D), basic services
(2001), agriculture (1999) and occupation regularity (2004pnlinear terms retained:

aging/lone person householdsvage andunemploymenk wage

Testing of assumptions
Electricity consumption folloed a normal distribution as the &piro-Wilk test proved

nonsignificant(Figure 4.8-9). All graphics reported were obtained after the elimination of

outliers.
Summary: Electricity_consumption
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Figure4.89: Histogram, @scriptive statiics and normality evaluatidior electricity consumption.

No multicollinearity problems existed since tolerances and variance inflation factors were far

from the recommended cubff values bysarson (2009)Table4.8-4).
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4 | Modeling territorial structure at the borough scale

Table 4.84: Collinearity statistics foithe independent variables retained in tmeodel of electricity

consumption.
Collinearity statistics
Sigma-restricted parameterization
Tolernce | Variance | R square
Infl fac
Effect
Aging 0,542498 | 1,843325 | 0,457502
Birth_rate 0,910850 | 1,097876 0,089150
Unemployment 0,463925 | 2,155522  0,536075
Wage 0,301075 | 3,321426 | 0,698925
Density 0,585552 | 1,707791 | 0,414448
Aging*Wage 0,310303  3,222654  0,689697
Unemployment*Wage 0,365643 | 2,734906  0,634357

Variances were fairly homogeneous across the samjile a mean of zerdhus satisfing the
assumption of homoscedasticityigure4.8-10).

Predicted vs. Residual Values
Dependent variable: Electricity_consumption
(Analysis sample)
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Figure4.8-10: Scatterplot of predicted values vs. standardized residuals tb frasshomoscedasticity of

the electricity consumption model.

Outliers and residual analys

Residual analysis was carried out as describadddelingwater consumptionThe following
outlier cases were deleted: Espinho, Lomba, Maia, Le¢ca da Palmeirajnkiagéo Mindelo,
Tougues, Mafamude, Sandim, Vila Nova de Gaia (Santa MaBabdj¢lix da Marinhend Sao
Pedro da AfuradaResidual analysis of the final model suggests a correct specifiaatiofit
(Figured.811).
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4.8| Data analysis

Normal Prob. Plot; Standardized residuals
Dependent variable: Electricity consumption

4.8.9] Modeling criminality with a negative binomial log link function model

Standardized residuals vs. Deleted Residuals
Dependent variable: Electricity consumption
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Figured4.811: Residual analysasd identification of outliers ithe electricity consumption model.

There was also not enough evidence of spatial autocorrelation: thalye associated with the
Mo r a n 3 snondignifiwaats(index = 0,05233p, = 0,192688) suggestina random spatial

distribution Mitchell, 200%. The threshold distance used in calculations was 5000 m.

Model visualization
The profileroption of Satistica 8was used in order to better visualize the results of the model
obtained.

4.8.9 Modeling criminality with a negative binomial log link function

model

The modelingapproach recommended to overdispersgdo? > u) count data such as the
number of cimes is to assume a negative binomial distribution of the response variable
(Cohen, et al.,, 2003; Garson, 2009 generalized linear model is needed to estimate
parameters.Since the total number of crimes is being modeled (and not a normalized

indicator), control variables such aspulatiomndurban areavere added to the equatiorThe

9 When the population variance is higher than the mean.
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4 | Modeling territorial structure at the borough scale

interpretation of results is similar to that of the multiple regression, except for fibet that

the dependent variable has been transformed into its natural logarithm.

Procedure

The generalized linear modalzdule of SPSS 17.0 was used to carry out the analysis according

to the recommendations ofohen, et al. (2003)Garson(2009) andQuinn & Keough (2002)

1. all input variablesvere entered Nonsignificant terms were then removed one at a time
based on their pralues (the higher the value the more likely the variable was removed)
and on theoretical grounds (variablégely to be related to criminality wereremoved
later). As the terms were removed, goodnessfifstatistics were checked to guantee
that model fit improved

2. nonlineareffects were testediccording to the previous point and as describednindeling
water consumption;

3. residual analysis wasnpermed to detect outliers. After deletion of outliers the process
was repeated (point4, 2 and 3 until an acceptable model was achieved. It is important to
meet the assumptionsoglinear modelsso that parameter estimates ansignificance
testingcanbe trusted,;

4. alternative link functios (identity and log) were triedbut, as the residuals from the

identity link function exhibited spatial autocorrelation, the log link was preferred

Variables and cases

The crosssectional dataset was used with= 114 (data from Espinho were not availabl&he
dependent variable wasrimes against peof2007) modeled with a log link functionAs
independents the following were initially used (only the ufided variables were retained in

the final modét population (2006), aging/lone person household@8001), education (2001),

resident @b diversity (2001), income support (2007), unemployment (2008), wage (2008),
density (2006)puilding age (2001accessibility (2007), economy (2005), economic diversity
(2005), agriculture (1999) andoccupation regularity (2001)Nonlinear terms were retained

populatior.

Testing of assumptions

The dependent variablevas assumed to have a negative binomial distribution. While no test
was available to check this assumptigapdress of fit statistics and residual analysis suggest a
correct specification. Histogram and other statistics are presentedrigure 4.812. All

graphics reported were obtained after the elimination of outliers.
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Summary: Crimes_against_people

Shapiro-Wilk W=,76887, p=,00000 Normal P-Plot: Crimes_against_people
— BExpected Normal
70
60

[}
=
50 g
; E
Q =
g 40 §
B =l
S 30 %

z 7 g -
o 3
20 7 W fn}

% d

%
0 AZ%W,”WM:—"MWW ,,,,,, 3
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 -100 0 100 200 300 400 500 600 700
X <= Category Boundary Value

400

Summary Statistics:Crimes_against_people
Valid N=114 300
Mean= 90,052632

Minimum=5,000000

2 200
Maximum=579,000000 g
Std.Dev.=102,852316 7
Skewness= 1,988112 g1
Kurtosis= 4,770798 o
= Mean = 99,488
[JMean+SD

-100
=(-17,9321, 216,9081)

T Mean+1,96*SD
= (-130,6554, 329,6314)

-200

Figured.8 12 Histogram and dscriptive statisticfor crimesagainspeople.

No seriousmulticollinearity problems existed sindke Pearson correlation coefficientgere
below 08 (Table4.85).

Table4.85: Correlation matrixfor allindependentvariables retained in the final model of crimagginst

people.
Correlations
Population Aging Populacao 2
Population Pearson Correlation 1 206" 715”7
Sig. (2-tailed) 028 ,000
N 114 114 114
Aging Pearson Correlation 206" 1 139
Sig. (2-tailed) 028 140
N 114 114 114
Populacao_2 Pearson Correlation 7157 139 1
Sig. (2-tailed) ,000 140
N 114 114 114

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant atthe 0.01 level (2-tailed).

Although the generalized linear nadel does not assumé&omoscedasticityof residuals the

scatterplot of predicted values against the standardized residuals portray€igjume4.813 is
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4 | Modeling territorial structure at the borough scale

useful to spot possible undesirable patterns in the data. Indé®e, the expected pattern of

growing esidual variance with increasptedicted values was observed

Figure4.8-13: Scatterplot of predicted values vs. standardized residirafthe model ofcrimesaganst

people.

Outliers and residual analys

Residual analysis not as straightforward inegative binomial regressionodelsas in standard
multiple regression@ohen, et al., 2003 Still, outliers can be visually spotted with the aid of
adequate residuals plotsstdistics of leverage,deviance (Pearson residuals and deviance
residualsland i nfluence (Cook?3s dicleatlyaisolated)fronther e ex am
others were further analyzed and usually removed from the mofi#bts below may
erroneously suggest saroutliers because the scale is very preci§pecifically, the following
outlier cases were deletedRio Tinto, Paranhos, Sao Nicolau, Sé, Ermesinde, Azurara, Ferreiro,
Malta, Vila Cha, Mafamude and Sermoresidual analysis of the final model suggeasts
correct specification and fitRigure4.8-14).

There was also not enough evidence of spatial autocorrelation: thalye associated with the
Mo r a n 3 siondignifiweants(index =0,040821,p = 0,392914) suggestirg random spatial
distribution Mitchell, 200%. The threshold distance used in cd&tions was 5000 m.
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