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Abstract

Urban transport projects redistribute accessibgityd environmental quality across the
city, potentially creating disadvantages for sonoeiad groups. This thesis investigates
whether these effects are cumulative or compensatahe case of the Lisbon Metropolitan
Area, analysing inequalities in the light of competprinciples of social justice. The novelty
of this research lies in the interpretation of loeavironmental effects as factors restraining
the mobility of pedestrians. We propose a seriesGoE-based indicators, including
community severance and noise exposure of pedestda the way to work and walking
around their neighbourhoods. We found that projgitsg priority to private transport have
a disproportionate effect on the pedestrian enwi@mt of the elderly and low-qualified

populations.

The analysis addresses two of the most pressingsss transport equity analysis. The
first is the spatial heterogeneity in patternsrefquality. We estimate relationships between
socio-economic variables and indicators of the llaféects of transport using alternative
comparison areas, defined in terms of centrality eammuting destinations. We found that
the social distribution of those effects is sewmsitio location and spatial scale. The second
issue is the nature of the processes leading fualities. We show that accessibility and
pedestrian mobility have an influence on neighboachsocio-economic recomposition and

on patterns of settlement in newly developed areas.

We also analyse the implications of integratingtrdbstive concerns in transport
planning. In the design of the optimal route aligminfor a new road, these concerns may
increase aggregate community severance costs. dnafiplication of traffic restriction
policies, there are trade-offs between the weltdrdifferent groups of concern in terms of
time to work and pedestrian exposure to noise.olh lbases, the achievement of equity may
not be compatible with the party-political intesest the policy-maker.
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‘What is coming from there? You have three guesses’
He said: ‘Well, a car!’

| said: ‘No, take your second guess.’

He looked and said: ‘A vehicle.’

| said: ‘No, and now you have your last chance.’

And he answered, angry with me: ‘An automobile.’

| still wonder when he will realize that what wasnting was a person, inside a metal case,
and that there is no reason whatsoever for thatopem the role of a car driver to have

priority over us standing on the sidewalk.

Eduardo A. Vasconcellosirban Transport, Environment and Equ{®001)

Xiv



Chapter 1

The socio-spatial dimensions of transport equity

Mobility is the possibility of moving from one plado another. In contemporary cities,
levels of mobility depend largely on car ownershipd use. This aspect tends to put some
groups at disadvantage, due to physiological, sariseconomic factors. In fact, there is
evidence that some sections of the population lti@gs frequently and cover less distance
than average. These include the elderly [Mollenkepfal. 2004, 2005], low-income
populations [Hine and Mitchell 2003] and racial wnities [Batelle 2000, Rajé 2004].
However, differences in levels of mobility do natly explain existing social inequalities in
levels of accessibility, that is, in the ease @icteng particular places within the city using a
given transport mode. This is because disparitiesccessibility levels depend on the spatial
distributions of the different groups, employmentdransport infrastructure. Inequalities in
the distribution of accessibility have thereforspatial dimension, in the cases where there is
a relationship between the levels of accessibditythe different neighbourhoods and their

social composition.

The finding of inequalities in levels of accessthiis often discussed in terms of social
justice, with implications in transport and urbatarming. The argument is that the
distribution of accessibility is inequitable if i$ systematically disadvantageous for groups
that are already at disadvantage in the distributd other resources, such as income,
employment or political power. The confounding @actn this assessment is that urban
transport projects are in fact responsible forrddistribution of a bundle of goods among the
different areas of the city, including not only é&w of accessibility but also local
environmental costs. The interpretation of the uadigjes in terms of social justice then
depends on whether the disadvantages in the distbibof both effects are cumulative or
compensatory and on the relationships between wviloedistributive processes over time.
These processes include biased political decisamasadjustments of the housing market to
neighbourhood changes linked to transport projects.

Whilst we have some knowledge on the relationshigtsveen the distributive outcomes

and processes of different dimensions of acceggil§guch as accessibility to jobs and to



urban facilities) and different dimensions of enuimental quality (such as air pollution and
noise), relatively little research has focused loa telationships between the two types of
effects. More importantly, there is a lack of knedde on the role of pedestrian mobility as
an additional distributive concern and on its tetahips with the distribution of both
accessibility and environmental quality. In factalking can be a means to reach nearby
places or to access public transport and so péalestrobility is a condition or a complement
to accessibility. The quality of mobility for pedeans also depends on environmental
factors, especially when we consider walking asaetivity with its own value. While the
social groups mentioned above are at a potentsdddantage due to higher reliance on
walking, this disadvantage has a spatial dimensidhe areas where these groups walk also

have lower levels of pedestrian mobility.

The objective of this thesis is to contribute te thvestigation of the social and spatial
dimensions of the transport equity problem, by rpooating the distribution of positive and
negative local effects in the same empirical framdw The hypothesis is that the two
distributive processes depend on the same caudtsences in the level and nature of
mobility and decisions that individuals make ovease. The main novelty of the project is to

consider the role of pedestrian mobility on thase tactors. This involves:

a) The study of the relationships between inedaaliin pedestrian mobility and

inequalities derived from different levels of accés private and public transport.

b) The widening of the set of relevant geographaatdrs to include not only the choice of
residence location but also the choice of dailytidaons. These affect the way that
individuals fulfil the accessibility potential dfi¢ places where they live and the levels of

exposure to pollution that they face during the, @gsypedestrians.

The work focuses on the changes in the transpstésyof the Lisbon Metropolitan Area
in the period between the last two population ceasu1991-2001). The combination of
unprecedented changes in the road network withnufitzeymentation and population ageing
in this period has raised questions about the aggof the transport improvements for
meeting the needs of elderly and low-qualified papons. The effects of those changes are
assessed in this thesis by comparing the sociaitiison of several indicators of mobility in
1991 and 2001. These indicators assess dimensibmaobility that are positively or
negatively affected by road infrastructure andfizaincluding accessibility to jobs and to
urban facilities and aspects of pedestrian mobitych as community severance and
exposures to noise for pedestrians walking arobant heighbourhood or on the way to work.



The hypothesis is that the priority given to theamsion and improvement of the private
transport system contributed to the deterioratibpemestrian mobility in areas with elderly
and low-qualified populations, without increasinget realized accessibility of these
populations, due to their relatively high relianme public transport or walking and to the

increased dispersion of jobs and urban facilities.

The empirical analysis addresses some of the igba¢srise when analysing transport
inequalities in terms of social justice. While jastis a contested notion, options chosen in
empirical studies in this field rely on presuppiosis that explicitly or implicitly endorse
certain views on social justice. The present sinthnds to assess the implications of holding
competing notions of social and spatial equity.sTassessment includes the comparison of
alternative definitions of the sub-set of areasimithe metropolitan area on which we assess
inequalities; the test of different hypotheses rdiga the processes that led to inequalities;
and the analysis of the implications of holdingefiént levels of priority to vulnerable classes
and different valuations of pedestrian mobility witesigning transport projects and policies.

This chapter introduces the main questions analylsexighout the thesis. Section 1.1
reviews the existing knowledge in the field of sespatial transport disadvantage and the
way that these results are inseparable from thdnadetogical approaches used and from
certain presuppositions regarding the role of dogistice. Section 1.2 points out some
reasons for the necessity of including changesaeptrian mobility as a distributive concern
in transport planning. Section 1.3 analyses thevegice of a transport equity study in the
Lisbon Metropolitan Area. Finally, Section 1.4 exips how the present study integrates
within the existing body of knowledge, by statinigetintended contribution, research

questions and general methods.



1.1. The role of transport in social exclusion anénvironmental inequality

The spatial dimensions of the redistributive eeafturban transport have been subject of
extensive research in the last decade, includidggandent studies conducted by academics
and projects commissioned by government or grofipgtivists. The aim of these studies is
to test empirically the existence of links betwélea location of age groups, socio-economic
classes or ethnic groups and the spatial distohudf the positive and negative effects of road
transport. The existing literature can be broadljded into studies on the relationships
between transport, accessibility and social exolusind studies on the patterns of inequality

in the exposure to local environmental effects.

Existing knowledge and unanswered questions

Accessibility is one of the main distributive conte in urban transport planning, since
transport disadvantage may reinforce processe®aélsexclusion of some social groups.
Generally, the lack of accessibility to the plaselsere urban opportunities are located
contributes to the lack of participation of thoseups in economic and social activities [SEU
2003, Hine 2003, Lucas 2004, Lucas and Stanley ]2008s is especially the case when
public transport is slow, unreliable or non-existddespite the fact that deprived populations
tend to have higher rates of public transport tisere is evidence that the areas where they
live have in many cases lower public transport ssibdity than average [Pennycoek al.
2001, Cebollada 2009]. This situation is explaifgdthe general disinvestment in public
transport serving disadvantaged areas and to ibetprto radial public transport services

connecting suburbs with major centres, but not witier suburbs and minor centres.

A case of special concern is accessibility to jdhsfact, the employment outcomes of
underprivileged groups are in part explained by thstance to the areas where job
opportunities are located, especially in disperskedentralized metropolises, a phenomenon
known in the literature as the ‘spatial mismatcpdthesis’ [Kain 1968]. Empirical evidence
suggests the existence of social inequalities endistribution of job accessibility, even after
accounting for occupational differences [Cervetal. 1999, Stollet al. 2000]. It is difficult,
however, to pinpoint causality in the mechanisnaslileg to those inequalities [Gobill@ al.
2007]. The problem is related with transport, sifme accessibility depends not only on
proximity to jobs but also on modal choice. Thistfenay be associated with inequalities in



accessibility that do not appear when accessinguilégies based on job proximity [Wang
2003, Ong and Miller 2005]. The decentralization employment then affects
disproportionately the employment prospects of seaual groups, due to higher reliance on
public transport. Although most of the evidencetbis issue comes from North American

cities, the process of decentralization of emplaynm®increasingly relevant in Europe.

Other studies have analysed social differencescaessibility to urban facilities and
services. There is evidence for example that degrgroups and racial minorities tend to live
in places with lower accessibility to public pafkgolch et al. 2005, Omer 2006, Booret al.
2009, Jonegt al. 2009]. There is also a growing literature analgdine problem of lack of
accessibility to food shops [Clarka al. 2002, Guyet al. 2004, Smoyer-Tomiet al. 2006,
Lee and Lim 2009]. These studies show that “fooskeds” are usually areas with lower car
ownership rates, or in other words, the populatitio relies on walking tend to live in areas
where the number of food shops at walking distaisceelatively scarce. Lack of car or
reliance on public transport may also have an eftetr levels of accessibility to health
facilities [Lovettet al. 2002, Martinet al. 2008].

A parallel strand of literature has focused on ittequalities in the distribution of the
environmental costs of the transport system. Thestion is usually analysed with reference
to the concept of environmental equity, the priteciihat disadvantaged groups should not be
disproportionately exposed to environmental costsrasks [Bryant 1995]. In most empirical
studies, a link was found between social depriviaind exposure to road traffic air pollution
[Brainard et al. 2002, Mitchell and Dorling 2003, Buzzelli and &tr2004, Pearcet al.
2006, Havardet al. 2009] and between deprivation and exposure toenf@Bsainardet al.
2003, Hoffmannet al. 2003]. Although the hypothesis of environmentaadvantage of
income-deprived populations has been confirmeewueal countries [Braubach and Fairburn
2010, Deguen and Zmirou-Navier 2010], the geneatibm of the results should be
approached with caution. For example, King and i&ted(2000) and Pyet al. (2001) found
significantly different types of associations begéweair pollution and social-economic status
in different cities, using the same method of asialyln addition, if accounting for control
variables such as population density, associati@aeen air pollution and deprivation can
be negative [McLeocdkt al 2000], or become irrelevant [Greeh al. 2004]. On the other
hand, the link between air pollution and racial anities seems more stable across different
countries [Brainaret al. 2002, Pearcet al. 2006, Grinesket al.2007].

While the environmental justice concept has beemlgapplied to socio-economic and



racial divides, recent debate has drawn attentiotihé relationships between age and local
environmental quality [Day 2010]. However, the hymsis of the transport-based

environmental disadvantage of elderly populatiors Im@t been confirmed, with studies

finding that age is not significant [Brainagtlal. 2002, 2003] or that young children are more
affected, while the elderly are less affected adrpollution [Mitchell and Dorling 2003].

The main point of contention in the academic deb&teansport inequality is the fact that
the findings of empirical studies are highly depamdon the methodological options taken.
Most of the studies in this field rely on geograpimformation systems (GIS) to overlay maps
of transport effects and socio-economic variabkeseasus unit level. The results are then
analysed by estimating statistical relationshipguatng within a city or urban area.
However, there are a series of possible optionardagg the definition and estimation of
transport’s effects, the definition of groups ofncern, and the assessment of statistical
associations between both. The choice of differaethodological options may originate
different results for the same scenario, both & ¢thse of accessibility and environmental
quality (see respectively Neuteeisal. 2010 and Jacobsat al. 2005).

The utility of empirical analysis in informing publpolicy is especially controversial in
the cases when the definition of research questmasmethods are bound to assumptions
regarding the role of social justice in transpastiqy. The distribution of accessibility and
environmental quality among the different groups leadirect effect on the welfare of
individuals and is in part determined by societyotigh the actions of the policy-maker.
According to the concept of Miller (1976), theseteonditions place the distribution of those
“goods” in the realm of social justice. The effesfdransport can indeed be analysed in terms
of territorial justice (the distribution of bendit and noxious facilities in space) [Harvey
1973]. The conceptualization of environmental gesthas also drawn from broader theories
of distributive and procedural justice [Wenz 1988w and Gleeson 1998]. However, the
translation of empirical results into statementgtmjustice or injustice of the inequalities is
fraught with the problem that changes in the trarisgystem involve the distribution of
multiple intangible “goods” and that competing piples of justice may apply to the
distributive outcomes and to the processes thattdethose outcomes. We discuss these

aspects in the next three sub-sections.



The object of distribution

Studies of transport equity have traditionally feed on the distribution of “physical
units” of the effects of transport (accessibilitypmllution). The consideration of these effects
as objects of social distribution depends howewvertloe extent to which the specific
indicators used in the analysis depend directhytransport planning, and on the extent to
which they measure changes in the welfare of theviduals living in each neighbourhood.
The adoption of a geographic perspective poses donitations, as the use of areal data
assumes that neighbourhoods are internally homogesnand that patterns of inequality
originate only from the relationships between tpatisl distribution of the effects of transport
effects and the socio-economic characteristice@fbpulation living in each neighbourhood.
However, these relationships may not capture thethat transport meets the preferences or
needs for accessibility and environmental qualityhat population. These preferences and
needs depend on a series of population charaateriguch as the level and type of

employment, daily destinations and levels and eadfimobility.

A crucial distinction is that between potential egsibility (the possibility of moving
from one’s neighbourhood and reach other placed) ranlized accessibility (the ease of
reaching the places to where one actually trav&ls. latter depends not only on the distance
between home and destinations but also on thebdiiteof the travel modes used to reach
them. The construction of new transport infrasuitet may not improve the realized
accessibility in the areas served, if residentg oel travel modes that are not available in the
new link. This may create paradoxical patternshat aggregate level. For example, low-
income groups and racial minorities may travel Emgdjstances to access places of work than
other groups, while living in areas with highereés/of private transport accessibility [Grengs
2010] or they may spend longer times on the jourteeyvork while travelling shorter
distances [Wang 2001, 2003]. In general, gaingaessibility from new roads tend to favour
private transport users, as the design of bus sosteseldom compatible with the use of
motorways, especially in areas close to city centfidhe restructuring of city-wide public
transport networks may also have a detrimentaceffa areas populated by the elderly and
by families without car, when bus routes are chdrigeorder to underpin the development in
the train or underground networks [Wu and Hine 20@ally, the relationship between
potential and realized accessibility depends on gbality of the transport available, in
particular on levels of congestion and, in the aafspublic transport, also on the availability

and frequency of the services.



On the other hand, the analysis of environmentalitggs prone to the “ecological
fallacy”, a term defining the fact that associatiatetected for a population may not be valid
at the level of individuals [Robinson 1950]. In fiathe levels of exposure to pollution and the
associated health effects for an individual dodeygend only on emissions or concentrations
at his place of residence, but also on personabkclexistics and on his degree of exposure as
he moves across different parts of the city withia day. Ideally, the estimation of pollution
exposures should refer to the population who isatlly affected, but in most cases, there is no
available data on the characteristics of the imtligls most exposed to roadside pollution,
such as pedestrians, cyclists or open-air workesssuch, most environmental equity studies
use pollution concentrations as a proxy for expesutogether with the assumption that
exposure occurs in people’s homes. This approaamiied by the fact that a large number of
the cities’ residents are away from home duringtidag; when pollution levels are higher,
since road traffic levels are also higher. The sm®ent of social inequalities and the
existence of cumulative effects for some groups thay be dependent on distinctions such
as daytimevs. night time pollution, exposure at horms. exposure at the workplace and
indoor vs. outdoor exposure. For example, Housebral. (2004) found that race and socio-
economic status relate to both outdoor and indgposgure to road pollution, while Sat al.
(2011) confirmed the hypothesis that the pattefrsooial disadvantage to air pollution also

apply when considering individuals’ leisure timepmblic parks.

Distributive outcomes

The second major problem in the study of equityuessin urban transport is the
ambiguity in the judgement of the distributive patis found. This judgment is implicit in the
definition of the groups amongst whom the distridnitof accessibility or environmental
quality is measured, and in the operational dedinibf equity used to assess that distribution.
The definition of groups of concern is usually jfist referring to values such as racial non-
discrimination [Bullardet al. 1997, 2004] or more generally, by the need togatotulnerable
groups [Delbosc and Currie 2011]. This is basedhenargument that those who are most
affected by the lack of accessibility or environniamuality are the ones who need them the
most. These include low-income populations (whomaoee sensitive to transport costs when
accessing low wage jobs) and the elderly (for whoobility and environmental quality are
an integral part of physical and social health)e Thoice over the methods used to measure

equity is more problematic, as different concegtsarial justice may apply, regarding the



extent to which society should consider equalitydepartures from equality by favouring

certain groups. The political relevance of statatirelationships between the distribution of
benefits and costs and the location of the grodig®cern is questioned by authors such as
Perhac (1999), for whom society should provide muinn standards for all, regardless of

their socio-economic characteristics.

In general, judgements on the justice of distrimitbutcomes have not been explicitly
included as a part of quantitative assessmentgbhainuransport policies. The exception is the
European Union’s Spartacus project [CEC DG Xl 19%&hich evaluated future transport
and land use scenarios in three European citiesguparameters measuring societal
perspectives on equity. The project found thatube of alternative concepts of distributive
justice to assess the distribution of exposurdrtpalution and noise across different groups
implies different levels of priority for alterna@vpolicy options, even when assessing justice
as a single dimension within a large set of indicatfor the economic, social and
environmental outcomes. However, the project omyetbped equity indicators for the case

of exposure to pollution, evaluating accessibikiyues in terms of city averages.

The judgement of the distributive outcomes of tpams planning depends on the
comparison of inequalities in the distribution affetent impacts across different groups.
Studies in a variety of urban areas have rejettedhypothesis of multiple disadvantage when
disaggregating accessibility by type of destinafMitten et al. 2003, Scott and Horner 2004,
Tsou et al. 2005, Macintyreet al. 2008]. This result may be explained by the fadt th
differences in the spatial distribution of eachetyyd urban opportunities ensure that groups of
concern are not at disadvantage in terms of acfessme of these opportunities. However,
this conclusion does not rule out the fact thatifingencies in public transport may pose a
limitation to the accessibility of some groupsnasst of the available studies considered only
network distance. On the other hands, the hypatt@snultiple environmental disadvantage
seems to depend on the specificities of each udbaa. For example, Kruizet al. (2007)
found that low-income groups in Rotterdam are disadvantage in the joint distribution of a
set of environmental “goods” and “bads” relatedmiitansport, such as air pollution, noise,
and accessibility to parks. On the other handréisalts of a series of studies in Birmingham
revealed different patterns of disadvantage affigctifferent groups in the distribution of
those three items [Brainaed al. (2002, 2003), Jone=t al.2009].

The integration of the distribution of accessigil#nd environmental quality in the same

empirical framework depends on assumptions ab@wvtly they compensate each other. One



view is to notice that roads are polluting infrasture used directly by people and thus the
travel behaviour of the population living in someghbourhoods or using some travel modes
is “responsible” for the imposition of costs on etlgroups or in other areas. We can then
overlay the spatial distributions of road userdjution and social groups. Studies using this
approach [Stevensoet al. 1998, Mitchell and Dorling 2003, Kinghaet al. 2007] have

concluded that deprivation is associated with laothigher share of external costs from road
use and a lower level of “responsibility”. This &mf analysis usually assumes that car
ownership and car use are correlated and thatararsesponsible for higher emissions per
road user than buses. However, the relationshiywdsst income and vehicle emissions at
household level is not linear. This is what is kmaw the literature as the household Kuznets
curve hypothesis: richer households own more vesiahd drive more but poorer households

use higher polluting vintages [Kahn 1998].

Finally, there are questions regarding the de@nitf the areas over which we estimate
the inequalities. Some authors have argued th#teife areas are not selected carefully,
inequalities may simply reflect variations in comfoling factors among the different
neighbourhoods [Mitchell and Walker 2007, p.461j. fact, empirical applications have
shown that associations between socio-economiahas and levels of accessibility or
pollution are not stable across space, varying withanization levels and other factors that
influence the locations of population and transpeirtastructure [Mennis and Jordan 2005,
Maroko et al. 2009, Roordeet al. 2010]. Associations may also occur at differeratisgp
scales. This is because they depend on forcestbatctive only at those scales: the scale of
policy-maker’s decisions on the location of trangpafrastructure i(e., administrative areas)

and the scale considered by households in thedarse location and commuting choices.

Distributive processes

Most transport equity studies have focused on thypost evaluation of distributive
outcomes, using cross-sectional data. However idéstification of a correlation between
socio-economic variables and accessibility or emimental quality does not imply a cause-
effect relationship. The assessment of transpedualities in terms of social justice and the
development of responses to correct those inetpslieed therefore to consider a temporal
dimension and model the processes behind theldistrn of benefits and costs among social
groups. This involves the establishment of linksneen the location of roads and people.

This is a complex task, as it is difficult to dismmgle the role of political procedures, market
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dynamics, changes in urban land use and demograpidieeconomic trends. Many theories
have been offered but they have yet to provide loshe evidence [Liu 2001, chap.2].

The classification of inequalities as unjust seemase consensual when their emergence
can be linked to specific procedures of the pofitgker. This may be the case when decisions
on the location of transport infrastructure arduehced by the power of lobbies or by the
policy maker's own interests in terms of politigain or bias towards specific groups — what
Feitelson (2001) calls “malicious siting”. This mégad to disadvantages for low-income
groups or racial minorities, due to their lower gudtal for voicing demands through the
political process [Hamilton 1993, 1995]. While taes some empirical work on the influence
of political aspects in the allocation of regiomi@nsport investment and in the location of

point sources of pollution, the case of urban fpanisis still under-researched.

The spatial distribution of social groups may asijust over time to the distribution of
accessibility or environmental quality. The resiignsorting of the most desirable areas
according to ability to pay depends however onbhl@ance between preferences and housing
and commuting costs, on the efficiency of the hogismarket in the capitalization of
neighbourhood attributes and on the available $déwels of accessibility and pedestrian
mobility among the neighbourhoods in the city. WeHiistorically, levels of accessibility were
higher in city centres, where environmental qualigs usually lower due to the concentration
of activities and road traffic, recent tendenciashsas the decentralization of facilities and
jobs may contribute to the creation of multipleadigantages, as there are differences among
suburban areas according to their distance to mvaipjunctions or railway stations and to
their distances to the actual infrastructure. Higheome groups may then move to the
suburban areas with higher environmental quality easy access to centres of employment
[Gorz 1980]. Therefore, transport-based inequatibes not depend solely on transport

planning but also on urban planning and on busiredesation decisions.

Even in the cases where it is possible to assesectly the processes leading to
inequalities, we are still left with the questiohhmw to incorporate equity concerns in the
planning of new infrastructure and in the desigriraffic policies. This can be achieved by
estimating equity indices [Martiet al. 2010] or by attaching distributional weights to
different social groups in the framework of costxelt analysis [Mayeres 2001, Surgbal.
2007, Ramjerdet al. 2008]. There is a need, however, for more systemasearch on the
existence of feasible alternatives, trade-offs leetwthe distribution of multiple impacts

among various groups and trade-offs between thecbbgs of equity and efficiency.
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1.2. Pedestrian mobility as a component of transpbequity

While the purpose of transport planning is to featié mobility, there are possible
conflicts between the mobility provided by motodseéransport and the mobility of
pedestrians. For Ivan lllich (1974), improvements ane type of mobility imply the
deterioration of the other. As we will see in thisction, the construction of new transport
infrastructure and increases in traffic flows tetal affect negatively the mobility of
pedestrians. The redistribution of welfare from gstdans to the users of the transport system
may contribute to a potential disadvantage forellderly, due to higher vulnerability to losses
in pedestrian mobility; and for low-income poputeits, due to higher reliance on walking
[Manaugh and El-Geneidy 2011]. In addition, theaaraffected by those losses may have
disproportionately high numbers of pedestrians tgltg to those groups. The study of these
potential social and spatial inequalities is retéuva the transport equity problem, as they are
closely related to the patterns of accessibilitgd @anvironmental inequality described in the

last section.

Pedestrian mobility is a crucial factor for intra iater-neighbourhood accessibility, as
walking is usually the fastest and most convenmantle for short-distance trips, to access
local facilities. The accessibility of jobs and arbfacilities at the metropolitan level also
depends on pedestrian mobility, as public transportmuting involves walking, to access
bus stops or train stations, or to interchange éebndifferent modes or services. On the other
hand, walking around one’s neighbourhood can atspursued as an activity with its own
value. The benefits of walking are becoming indregly relevant for urban transport
planning in developed countries, given current dgmaohic, social and cultural trends such as
population ageing and shifts towards healthiestifees. The freedom of “walking around and
looking around” has long been regarded as an eakepnmponent of the quality of life in
urban settings [Buchanan and Crowther 1963, Apptegad Lintell 1972]. The rise in the
number of elderly people has increased the poktgvance of this component, as there is a
close association between walking and factors sischeneral health, independence and life
satisfaction within this group [Schaie 2003, Mokepf et al. 2004]. The priority to the needs
of pedestrians in road and street design can alstribute to reduce social exclusion along

gender and racial lines [Garcia-Raneiral. 2004].

Given the need for promoting walking within the mleobjectives of transport and urban
planning, it is important to consider the impacattinterventions on the transport system
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affect the level and the quality of pedestrian rigbiln general, the presence of transport
infrastructure and heavy traffic is a major detetréo walking. There is evidence that
exposure to road traffic is linked to a lower proitity of walking, both to access places and
for physical exercise [Giles-Corti and Donovan 20@¥ler 2003]. Road traffic also
influences pedestrians’ behaviour while walking rjeli1996]. Both factors have a social
dimension, as the effect of road traffic on theustwn of physical exercise seems to be more
salient among deprived groups [Giles-Corti and Dammo 2002]. Perceptions about the
walking environment and about its relationshipshwibad traffic levels also depend on

gender and age [Sharples and Fletcher 2000].

Community severance is the most significant impafttransport infrastructure on
pedestrian mobility. The construction of motorwang aail lines often carries changes in the
street network linking different neighbourhoodspa@ating communities and increasing the
isolation of some neighbourhoods. Road trafficliitsan also act as a “dynamic barrier” to
the mobility of local populations [Guet al. 2001]. Community severance has effects on
pedestrian mobility in terms of time to reach p&cas the population of one neighbourhood
may have to walk longer distances to access ottighbourhoods or urban facilities. There is
also evidence that the barrier-effect of transpfrastructure has psychological effects on
local residents, with implications on the numberndér-neighbourhood trips and community
interaction [Clarket al. 1991, Bradburget al.2007].

The growth of road traffic is also responsibletfoe increase in pedestrian accident risk, a
problem with special incidence in elderly peoplacs the risk of fatality increases with age
[Leaf and Preusser 1999]. The redistributive effeaftroad traffic on pedestrian safety have
been analysed regarding socio-economic or racf@as, although usually within specific
age groups, such as children. Some of these studéespatial data and relate the probability
of accidents with the characteristics of the arbane the children live. Patterns of inequality
are often related to mobility disadvantages, akldm from families who lack access to cars
tend to walk more and have less access to safeapb@g, such as parks [Abdadtaal. 1997,
Petch and Henson 2000]. The probability of accislemtall age groups also tends to relate
with income-deprivation, since less affluent aresmsl to be crossed by longer lengths of road
and higher traffic flows [Grahaet al. 2005, Loukaitou-Siderist al. 2007, Wieret al. 2009].

Transport infrastructure and traffic also influesdbe quality of mobility of pedestrians
by decreasing the amenity value of walking, duehanges in the environmental conditions

along pedestrian routes [Humpelal. 2004]. According to Taylor (2003), “the experierafe
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road traffic is the most salient aspect of peopledperience of the external urban
environment”. Examples of these environmental ckarigclude the visual blight associated
with road infrastructure or cars [Wright and Cui2i302] and the overall (negative) sensory
experience of walking along busy roads [Sheller Eingy 2000]. Several authors have also
drawn attention to psycho-sociological factors sashthe perception of cars as an alien
element to the routes used by pedestrians [Wright @urtis 2005] and the unequal power

relationships between drivers inside cars and pedes outside of them [Urry 2002].

Noise is another environmental ‘bad’ with a patacly marked effect on pedestrian
mobility. Due to its intrusive nature, noise poidut is a deterrent to walking and restricts
pedestrian options in terms of routes. In particul@adside noise has been linked to reduced
walking levels and to the long terms health effaaftseduced pedestrian mobility [Balfour
and Kaplan 2002, Ogilviet al. 2008]. Exposure to noise has also a direct efbecthe
psychological wellbeing and levels of awarenesgpedestrians when walking [Korte and
Grant 1980] and on the levels of social interactathh other pedestrians [Appleyard 1981].

Similar considerations apply for the effects of awllution on pedestrian mobility
[Marshall et al. 2009]. In this case there is also empirical evidethat levels of exposure
depend on patterns of daily mobility. The comparisb the results of the studies of Chatn
al. (2003) and Zhaet al. (2004) is particularly revealing: measurementshim same urban
setting (Guangzhou) show significant inequalitiesthe exposure to air pollution between
pedestrians and users of other travel modes ameebptpedestrians walking in different parts
of the metropolitan area. There is also a socrakdision to this problem, as mobility patterns
have socio-economic determinants. For exampleeBeayd Hall (1992) found that individual
levels of exposure are directly related to timenspeitdoors (including walking time and time

spent on the journey to work), which is then reddteethnicity and socio-economic status.

In conclusion, pedestrian mobility not only plays isnportant role as a component of
accessibility but is also related with environmérigectors. This is because the level and
guality of pedestrian mobility depends on the emwnental quality of the areas crossed and
because the choice over these areas determinesdtlad! level of daily exposure to pollution
for an individual. There is therefore an overlaptween the spatial dimensions of
disadvantages in the distribution of pedestrian iltgb accessibility and environmental
quality. The study of the spatial distribution oédestrian mobility has been largely
overlooked in project assessment studies and ideaa@ or activist-led transport equity

studies. There is growing evidence that dimensairgedestrian mobility related with urban
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planning (such as the local availability of pedestrdestinations [Ceriat al. 2007, Marshall

et al. 2009] and levels of “walkability” of local streef&reenberg and Renne 2005]) relate
with socio-economic variables (such as income dapian and proportion of racial
minorities). Nevertheless, apart from the caseenfgstrian risk, there is still little knowledge
on the extent to which pedestrian mobility is resdéd by transport infrastructure and road
traffic in the different neighbourhoods, both imnbs of barriers to access destinations and in

terms of exposure to air pollution and noise.
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1.3. The case of the Lisbon Metropolitan Area

The Lisbon Metropolitan Area (AML) provides an irgsting case for the study of the
redistributive aspects of urban transport, dughéodombination of unprecedented changes in
the transport system with tendencies for populatigeing and urban fragmentation in the
period between the last two population censuse31(1® 2001). This combination has raised
guestions about the adequacy of the transport wepnents for meeting the specific needs of
some groups, such as the elderly, and about th#yeiquthe distribution of the overall

benefits and costs of the transport projects.

Map 1.1: The Lisbon Metropolitan Area in 2001: Municipalities and population density
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Source Estimated from 2001 census data [INE d2001b] Gazendix 1).

The AML is the main urban agglomeration in Portugath a population of 2 661 850 in
2001, of which 564 657 lived in the city of LisbdFhis metropolitan area of 2 935 kiis
centred around Lisbon and extends over 18 munitgmin the north and south banks of the
River Tejo[Map 1.1]. The level of urbanization is highly variable, the metropolitan space
includes old provincial towns, new urban developtaatispersed along transport corridors,
and many semi-rural areas. The most important dpwetnt in the metropolitan transport
system occurred in the 1990s, with an expansiothefmotorway and dual carriageway
network from 128.4 km to 376.4 kiwap 1.2]. The set of projects completed in this period
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includes a new bridgdPpnte Vasco da Gamahe Lisbon Outer Ring Roa€REL), several
sections of the Lisbon Inner Ring RoddR]IL), and a series of radial roads branching from
theCRIL

Map 1.2: Motorways and dual carriageways, by periotf construction

Period of construction
= Before 1991

=— 1991-2001

= 2001-2008

Source Modelled transport network (See Appendix 4).

The expansion of the road infrastructure has mbttéesubstantial improvements in the
performance of the metropolitan transport systenparticular, road congestion has worsened
and affects traffic not only at the major entrantes&isbon but in the whole length of some
roads, including the links built during the periodncerned. The most striking example of
road congestion is the IC19, the only road linkimgpon with a series of cities and towns in
the west, and which former President Jorge Samba called “a daily tragedy” The
average time to work has decreased slightly fro81.18 2001, but it is still the highest of the
group of cities of comparable dimension includedthe European Union’s Urban Audit
database, despite the fact that the share of jgsiwework by car in Lisbon shows a marked
tendency to converge to average European vditzge 1.1 The inadequacy of the road

transport system to serve the populations’ traeelds arises from the fact that the share of

! Diario de Noticias 05-05-2005, “Na Estrada, a culpa é sempre dassiufOn the road, it is always somebody
else’s fault). On a series of initiatives aiming ratsing awareness for road safety problems, tlesigent
travelled by bus a distance of 13 km in the IC18iah-hour, spending 50 minutes.
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private transport commuters has systematically romtg the capacity of the road

infrastructure. In fact, while the number of peoplerking or studying in Lisbon decreased
7% between 1991 and 2001 [INE d1991d, d2001d]ntimber of cars entering Lisbon grew
45% [CML-DPPE 1995a, CML-DMPU 2004a]. The increhss occurred in all major access
corridors, with no evident correlation with the riease in road capacity or with the
availability of alternatives. In particular, trafflevels on the old bridge did not show any
signs of decreasing following either the openinghaf new bridge in 1998 or the introduction

of rail services on the lower platform of the ohidge in 1999Figure 1.1].

Table 1.1: Urban indicators: Comparison between Libon and similar European cities

Share of journeys to | Time to work NO, PMyo
City work by car minutes pg//m? ugl/n?
(metropolitan area) (metropolitan area)| (city annual avg.) | (city annual avg.)
1991 2001 9%01| 1991 2001 2001 2004 2001 2004
Lisbon 23.4 39.3 159% 43.0 40.6 225 28 28.2 31.9
Max. 76.8 82.1 9.4% 33 38.0 56.4 614 66.7 58.1
Others  Avg. 53.5 56.1 2% 24.8 26.1 30.9 314 27.5 28

Min. 28.6 36 -4.1%| 18.0 19.6 12.2 17.0 16.4 13.9
# cities 14 24 12 13 24 33 36 26 36
Rank of Lisbon 14 21 1 1 1 27 23 10 10

Source: Urban Audit Database [EU d2004]. Cities within @0 000- 1000 000 population range

Figure 1.1: Evolution of traffic levels on the twoTejo bridges
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Source Traffic Levels Database [IEP d1990-2004, Estrata®ortugal d2005-2007]. Direction Southisbon
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The fast growth in the use of private transport bE® led to an aggravation of the
environmental negative effects of the system. Durk0®04, all the roadside monitoring
stations in the AML registered values above thdydstandard for P concentrations in
more than 35 days (annual standard) [CCR-LVT 20@6jerall, the concentrations of this
and other air pollutants have shown a tendencydrease since the late 1990s and are now
higher than the average of cities of comparablesdsion[Figure 1.2], increasing the concern
about their effects in terms of public health. Egample, it was estimated that exposure to air
pollution reduces life expectancy by an averagsixfnonths for people living or working in
the surroundings of Avenida da Liberdade, one asbbn’'s main arteries [Nicolau 2009].
There is however great variability in pollution ioels across the metropolitan area, especially
when comparing areas at roadside and areas farrvads and when comparing Lisbon or
surrounding cities with the semi-rural municip@f. The city of Lisbon is also the most
affected by road noise pollution, with an estima®®dbo of the population exposed to noise
levels higher than 65 db(A) [Valadasal. 1999].

Figure 1.2: Evolution of PM10 concentrations at repesentative traffic monitoring stations
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Source EU Airbase [EEA 2006]. Monitoring station in Ligh: Entrecampos (major junction in the city centre)

The policy priority to the construction of new rodnsport infrastructure has not seen a

parallel in the improvement of conditions for pedass and has in fact contributed to the

Z1n 2008, average PM concentrations ranged from to 21u8/m3 (Fernando P6 background monitoring
station, located in a rural area in the South Baml1.1ug9//m3 Avenida da Liberdade). [APA d1992-2008].
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deterioration of the walking environment, not odlye to increased air pollution and noise but
also because of the encroachment of cars on peshespace. Lisbon is a notoriously
dangerous and unpleasant city for walking, as imymareas (including newly developed
areas) kerbs tend to be in a poor state of repareosimply non-existent. The fast increase of
car ownership and use and the imbalance betwe&mgaupply and demand has also forced
car drivers to park on pavements and footways. Hiigtfic levels also contribute to a high
incidence of pedestrian accidents. Although the lemmof pedestrian victims of road
accidents has been decreasing steadily since thhel@%90s due to road safety campaigns at
the national level, Portugal is still the countrithwthe highest rate of pedestrian fatalities in
Western Europe [UNECE d2008]. The case of Lisbomrsigecially serious, as pedestrians
account for 21.2% of the total number of road faes, comparing with a national average of
13.3% [DGV 2007a, 2007h].

A further negative effect of the construction ofamnead infrastructure crossing densely
populated areas is that some areas have beconmedlbeitween this infrastructure and other
barriers to pedestrian mobility. This is especidhg case of some areas at the fringe of
Lisbon, where several neighbourhoods are isolatad surrounding neighbourhoods, due to
the barriers posed by motorways, the Lisbon InnegRRoad and industrial or vacant land
[Figure 1.3]. These areas are geographically close to Lisbdrni@the new transport arteries.
However, the realized accessibility of the locgbylations has probably not improved, in the
cases where households are dependent on publsptdnThis is because these areas are not
served by the rail and underground network and {dube “lock” effect) have only a limited
number of exits for public road transport, whicltdme easily congested at peak tifné&n
the other hand, realized accessibility has probahjyroved for the people living in areas
located further from Lisbon, which in fact saw aerease on the percentage of workers and

students commuting to Lisbon by private transpasp 1.3].

% See for exampl@Ublico 04-05-2005, “Utentes do IC19 alertam para transite freguesias” (IC19 users alert

for local traffic).
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Figure 1.3: Example of “locked” neighbourhood
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Map 1.3: Proportion of workers and students commutiag by private transport to Lisbon
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The improvements in the public transport systemevadso modest, when comparing with
the case of private transport. The most significdnange in the period concerned was the set
of projects completed as a part of the regeneratidhe eastern part of Lisbon, in the context
of the 1998 World Exhibition. This area is now ceoted to the Lisbon city centre by an
underground line and is served by a major transpuerface atOrientg becoming the
neighbourhood with better public transport accelsibn Lisbon [CML-DMPU 2004a, figs.
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138, 141-144]. Paradoxically, this area, havingnbsettled by relatively young and affluent
households, has also the highest rate of car owpeirs Lisbon and the highest share of trips
to work by private transportlid., figs. 30, 35]. Apart from the new rail line limkgy the two
banks of the Riveiejo, public transport improvements in the metropolitmea occurred
mostly through the integration of different modesd a&hrough the development of new
interfaces. However, there was also a drastic temtuof rail services in some areas, with a
number of stations closing in the rural parts & 8outh Bank, increasing the asymmetries
between these areas (and their relatively old assl &ffluent populations) and the rest of the

metropolitan area, especially regarding accesanga@/ment and urban facilities.

The growing asymmetries between the mobility alldvg walking, private vehicles and
public transport do not derive only from changesramsport but also from changes in urban
land use, including the fast urbanization of thetdrlands of suburban municipalities. This
urbanization has been in many cases haphazardhaingy a discontinuous urban form, with
large parts of vacant or agricultural land betweemall clusters of densely built-up and
populated areas. Many of the new neighbourhoods kagy access to the private transport
network but are isolated from other areas, whiginoabe reached either by foot or by public
transport, since the majority of the bus route& lime new neighbourhoods with Lisbon or

other cities but not with each other.

At the same time, the AML has been following thengyal demographic trend in
Portugal, whose population is ageing at one ofdktest rates in Europe. Elderly people now
form the majority of the population in the mostle&ded semi-rural areas and in the central
parts of the cities. This last phenomenon is paldity marked in Lisbon, where in 2001 the
share of the population over 65 was 23%, a valu® IOgher than in the rest of the
metropolitan space [INE d2001b]. The spatial asyimee described above are therefore
linked to an increased disadvantage for the eldadythey are disproportionately affected by
the losses in accessibility following the closuferansport links in the semi-rural areas and
the losses in environmental quality and pedestmability associated with the growth in road
traffic levels in the city centres. These disadaget are cumulative to the fact that, as in
other urban areas in the world, the elderly in AL make few trips by car and are more
dependent on public transport and walking. Furtlbeenthere is a socio-economic divide
within the elderly, with socio-economically disadvaged individuals relying on private
transport to a much lesser extent than more afflinelividuals [CML-DMPU 2004a, p.58].

On the other hand, the recent application of trartgmolicies aimed at restricting car use,
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such as area-wide traffic restriction, has incrdagedestrian mobility and had an inter-
generational redistributive effect from the youngtie old, since the neighbourhoods targeted
are located in the older, central parts of theesitHowever, plans for the extension of the
areas closed to road traffic or for the introduttaf road pricing at the entrances of Lisbon
have been systematically postponed, due to theiogmlitical infeasibility. Further research
is needed to investigate whether the redistribuéffect of these policies compensate for

losses in the efficiency of the road transportesyst

The next couple of decades will see further stmattchanges in the transport system of
the AML, including a third bridge and an additiomaipansion of the road network, from the
existing 444.2 km to 578.2 kriMap 1.4]. Travel patterns and levels of pollution in the
metropolitan area will also be affected by the tamwdion of national-level transport
infrastructure, such as the High Speed Rail anchdwe international airport. These projects
have been subject to intense public discussionaltesnative locations for routes and
terminals will carry different redistributive effesc between the future users of the
infrastructure and the populations subject to tineigative impacts. Simulation studies also
point to a continuation of the demographic trenddE[ 2004a] and urban dynamics [Silva
2002] described above. For these reasons, it hami®increasingly relevant to acquire an
understanding of the redistributive effects of gasictices in transport planning.

Map 1.4: Planned motorways and dual carriageways
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1.4. Situating the thesis

Objectives and motivations

The objective of the present research is to proaidlempirical assessment of the ways
through which transport planning affects differesdcial groups, in order to test the
hypothesis that inequalities in the social distitou of the different effects from transport
reinforce each other. The answer to this questamimmplications on the allocation of public
investment for new transport projects and on thpliegtion of traffic policies. This is
because the distribution of multiple effects raisgsre questions than the case of a single
effect, as it may not be consistent with sociefy’sferences regarding the relative value of
each effect for each group affected and regardhy degree of substitution between
inequalities in the distribution of the differentfexts. The issue is also relevant for the
assessment of the socio-political feasibility ofojpcts and policies, as the affected
populations will object if they perceive systemainequality in the distribution of their
positive and negative effects, which may hampar thgplementation.

The thesis aims to be at the confluence of thestnands of the literature reviewed in this
chapter: the study of the spatial dimension of tke&tionships between accessibility
disadvantage and social exclusion and the studgnefronmental inequality patterns. We
consider that accessibility and environmental quare components of a wide concept of
mobility, which includes not only the possibility eaching different distant places by public
or private transport, but also the possibility ailking around one’s neighbourhood or walk
to bus stops or railway stations in a safe andnclErasironment. Spatial inequalities in the
levels of potential accessibility may not corregpoto social inequalities in realized
accessibility, as these depend on the choice dy dastinations and the adequacy of the
available transport options at each neighbourhamdneet the mobility needs of local
populations. In the same vein, spatial inequalitiespollution concentrations may not
correspond to social inequalities in pollution expp@s, as patterns of mobility determine the
degree to which individuals are exposed to enviremia nuisances during the day. We
assume that individuals are most vulnerable toethmsisances when walking along or
crossing roads and when using public transport, efceimple when changing modes of

transport or while waiting at bus stops.
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Changes in transport then have redistributive &ffbetween people living or working in
different areas of the city and using different m®db travel between these areas. The central
hypothesis of the thesis is that the priority taddransport infrastructure tends to increase the
accessibility of people who use private transpaod Bve in regenerated areas in the cities or
in newly-developed areas in the outer suburbs. IBeepo rely on public transport or on
walking and live in declining areas in the city tres, nearer suburbs or peripheral areas tend
to suffer the negative effects of transport. Theprowements in the road transport
infrastructure facilitate the dispersion of empl@mh and urban facilities, increasing the
problems of these populations in accessing jobs warthn facilities. In addition, the
expansion of the road infrastructure and the irseaf road traffic create barriers to
pedestrian mobility and increase exposures to pofufor individuals walking in their
neighbourhood or during the journey to work by paiblansport. The intent of our analysis is
to prove that these spatial changes corresponaictalsnequalities. The political relevance of
these inequalities depends on the confirmationadfepns of multiple disadvantage, on the
definition of comparison areas and on the exist@idmks between changes in the attributes

of the different neighbourhoods and changes irstiogal structure of their population.

These questions are assessed for the case ofghenLMetropolitan Area, as the main
hypothesis fits with the densification of the roagtwork at the fringe of the main centre and
with the process of urban fragmentation occurringhe period concerned. However, the
motivation for this work is to assess transporbipties in the framework of trends common to
the majority of European cities, including popuatiageing, vulnerability to macroeconomic
cycles and influx of immigrants. These tendenciesehincreased the need to take into
account the needs of vulnerable groups (such altezly, income-deprived classes, and
racial minorities) when designing transport prageand to attend to the geographical context
in which those needs arise. Furthermore, cultuaalds, such as the shift towards healthier
lifestyles, have increased the relevance of wallas@n activity with its own value. For these
reasons, the priority given in the past to privaémsport must be balanced in the future with
concerns for pedestrian mobility and public tramspdn particular, the decision of
construction of new roads must consider its impantthe level and quality of mobility of the

groups mentioned, while policies must be desigoetktl with the negative effects of traffic.

The study is directed at two main academic auden€he first is the group of social
scientists in various fields researching the spatequalities in the distribution of the local

effects of transport. Our main aim is to draw &ftento points of contact between the work
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of researchers studying inequalities in the prowvisof transport and in the distribution of
pollution. We introduce pedestrian mobility as afdiional object of distribution, which
captures some of the concerns included in the rgereral concepts of accessibility and
environmental quality, but whose social distribatimave specific understandings in terms of
social justice and policy implications, in faceitsf relevance for the classes at disadvantage.
Another intended contribution is to address somehef issues that have been subject to
discussion in this field and remain without defiretanswers, such as the spatial variability of
patterns of inequality, the processes leading tmualities, and the integration of equity

concerns in actual transport planning.

Our second aimed audience are researchers devglapiantitative indicators for
assessing pedestrian mobility. One of the intenciedributions is to add solutions to the
relative scarcity of operational concepts of mapikpplied to the needs of vulnerable or
disadvantaged groups. In fact, some authors hairgegoout that the indicators currently
used by policy-makers present several inconsistenith the experiences and perceptions of
some groups such as the elderly [Metz 2000, Tidge®t al. 2009]. A second contribution is
to look at dimensions of pedestrian mobility theg directly affected by road infrastructure
and traffic, and whose distributive effects arelesl analysed quantitatively. While the effect
of pollution in the mobility of pedestrians has bewseasured by experiments in several cities
and compared with the effect of other travel modbsre is no evidence on the social
unbalance in the distribution of those effectstha whole set of projects implemented within
a city in a certain period. The effects on commus#verance are also studied within most
transport appraisal projects but in practice, tegsigh of road or rail routes that separate two
communities tends to be subject &d-hoc political decisions and based on qualitative
assessments. This kind of decisions is generalijestito criticism, due to a perceived lack of

transparency, and can benefit from the developmwieguantitative indicators.

The findings of the study may also be of interest golicy-makers, by adding to the
discussion on the social interest and politicakiteiity of proposed future transport projects
in European cities. They might also benefit groapactivists, by suggesting practical tools
and providing evidence that can be used to demanggarency and accountability from the
policy-maker. A final motivation is to provide elemts that may be useful for the population
of the AML, by building an “atlas of mobility” fothe metropolitan area and by exposing the
relations between transport and social disadvantageempirical evidence on patterns of

transport-based inequality in this area is veryaza
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Questions and methods

Figure 1.4 presents the conceptualization of the problemsliestuin this work. We
consider that the policy-maker decides on the lonabf transport infrastructure and
individuals decide on travel destinations and mdgesking and private or public transport).
The policy-maker can influence the individuals’viel decisions by implementing traffic
policies but individuals or groups can also inflaerpolicies by voting or protesting. The
construction of new infrastructure and changesraiffit levels affect the accessibility and
pedestrian mobility at the neighbourhood level,hwitnpacts on the welfare of the local
populations. At any given time, the spatial digitibn of accessibility and pedestrian mobility
may be statistically associated with the neighboads’ social structure, originating
inequalities at the scale of the metropolitan apeain some of its subsets. The social
evaluation of transport policies takes into constlen the effects on the welfare of the
population in each neighbourhood and judgementshenoverall distribution of different
kinds of effects across different social groupstha long term, changes in accessibility and
pedestrian mobility may change the neighbourhomdgial structure, through household
relocation. The extent of this effect depends cemgles in land use, which depend on policies
regarding the development of new residential lamdl areation of new centres of

employment.

Figure 1.4: Framework of analysis
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The five research questions orientating the stuthlyse separate sections of the set of
relationships described above. These questionaraigsed throughout the next four chapters

and their conclusions are synthesized and sewidler context in the concluding chapter.

Research question 1For which dimensions of accessibility and pedastmobility

can we find social inequalities?

This question is covered in Chapter 2, where wendahdicators of several dimensions
of accessibility and pedestrian mobility and analtfseir relationships with the main vectors
of socio-economic differentiation in the study ar®ée compare the patterns occurring in
1991 and 2001, in order to assess the effect okxpansion of road infrastructure in this
period. The analysis in each year focus on theouarlinks between the location of transport
infrastructure and the welfare of individuals, las policy relevance of social inequalities and
the feasibility of possible solutions is differefar each of those links. We first study the
factors affecting the realization of potential jatcessibility in each neighbourhood (such as
transport provision, modal choice and congestionyl ghe redundancy of considering
accessibility to urban facilities as an object wftibution additional to job accessibility. We
also add to existing literature on the distributioh local mobility by looking at the
dimensions of pedestrian mobility that are affectsg motorised transport, including
community severance, exposure to noise for pedestwalking around their neighbourhoods

and exposure to noise for pedestrians on the waxtk.
Research question 2Do inequalities depend on the areas of compa?ison

The identification of inequalities using statisticalationships between socio-economic
variables and indicators of the local benefits ansts of transport is bound to the specific set
of areas included in the estimation. In Chaptew&,assume that those relationships vary in
space and can be estimated at each place, inclddiagfrom other places weighted by their
proximity. The application of this method in tharsport equity field usually assumes that
proximity is measured in geographic space. We aripa¢ the variability of statistical
relationships in urban areas can also be measloegd @ariables defining the similarity of the
different places in terms of their functional relgthin the metropolitan area or in terms of
people’s perceptions about their degree of comfldyaim the distribution of the effects of
transport. Alternative assumptions on the variabtedining neighbourhood similarity
originate relationships in different locations aat different spatial scales. We estimate

regressions weighted in the space defined by thasables, in order to assess the variability
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in the associations between socio-economic fa@ndsthree indicators of mobility: time to
work and pedestrian exposures to noise on the wayotk and around the neighbourhood.
The analysis addresses the changes in the vatyabilithose associations occurring in the
period 1991-2001, in order to assess the effectgamisport policies in this period in the

geographic delimitation of the areas in which slciequalities are found.

Research question 3Are changes in the neighbourhoods’ social strnectalated to

changes in the transport system and in urban lae@ u

This question is developed in Chapter 4 and cami to the analysis of the processes
behind transport inequalities, by assessing thes rof mobility in neighbourhood
recomposition. While there is evidence on the wrfice of accessibility on the spatial sorting
of the different social groups, the influence ofigstrian mobility is little understood. We
assess this influence separately for the centrel gfathe metropolitan area and for the
suburban region, considering the changes linkatieédransport projects implemented in the
period 1991-2001 in the area of study. We firstlogéstic regression to test whether changes
in mobility explain the probability of a neighbowdd to have significant household
relocation. In a second stage, we use canonicetlation analysis to assess the relationships
between changes in indicators of mobility and cleang socio-economic variables within the
set of areas with significant household relocati@montrolling for changes in other
neighbourhood attributes. In a separate sectiorstuay the influence of changes in land use
on the distribution of mobility, by analysing thecgl patterns of location in newly developed
areas in each municipality. We compare new anciads and estimate relationships between
socio-economic variables and indicators of accéggibnd pedestrian mobility within the set

of new areas.

Research question 4What are the implications on transport policy deatling to

the distribution of different impacts among diffetgroups of concern?

This question is the object of analysis in thet fiveo empirical sections of Chapter 5. The
objective is to contribute to the literature on thethods for the integration of equity concerns
in transport planning. We study the sensitivitytlodé social evaluation of individual projects
and policies to alternative assumptions both on distribution of positive and negative
effects and on the valuation of those effects. \Walyse this question using as case studies
two proposals for policy intervention in the Lisbbletropolitan Area. In the first case study,

we determine the sensitivity of the optimal routgranent for a new road to different
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judgements on the monetary value of community sewe and on its distribution across
populations with different socio-economic status.the second case study, dealing with
traffic transport policies, we analyse the tradis-between judgments on the relative value of
changes in time to work and pedestrian exposumneite and judgments on the distribution of

both types of changes among populations with diffeages and socio-economic status.

Research question 5is the assessment of transport projects basedstribditional
concerns compatible with the assessment made kpli@y{imaker who attends to

party-political interests?

This question is treated in the last empirical isecof Chapter 5 and is analysed in the
contect of the two case studies described above.eWdore the implications on the
assessment of transport projects of holding diffeesssumptions about the level and type of
political bias, considered in terms of the degréemority attached to changes affecting
populations with certain political characteristi®¥e then compare the different “politically
optimal” solutions with the “socially optimal” sdions obtained using different judgments on

distributional issues.

The approach followed in the analysis of these s is essentially geographical, as
we consider changes in the urban transport systeierins of their effects on the conditions
that local populations face and on their respotsas We assume that the construction of
transport infrastructure and the application offizgpolicies in a given neighbourhood are
explained by the geographic and social charadesistf that neighbourhood. In the same
vein, the households’ decisions about residencatitmt and transport are also based on the
characteristics of their neighbourhoods and onwihg the neighbourhoods are linked with
the destinations they need to access. The typmo$port changes and redistributive effects
examined in our work are therefore the ones thatinfio this geographical approach.
Economical aspects such as the relationships betwaeel cost and travel decisions or the
financing of the project costs through the tax eyystare not included in the quantitative

analysis.

Our method is based on the integration of sevemhs#ts in a GIS (geographic
information system) and on the construction of qey public and pedestrian transport
network models for 1991 and 2001. These modelsised to estimate indicators of several
dimensions of accessibility and pedestrian mobditythe local level, which are then related

with socio-economic variables and other informatiorthe four empirical chapters. One of
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the novelties of our approach is to assess pattérmequality at two moments in time, using
the same definition of groups of concern and indisaof mobility. Empirical studies in

transport and environmental equity so far havedetin analyses at only one moment in time.

The development of the GIS faced with the problétack of availability of detailed data
for a series of variables for the required momamntame, including employment, road traffic
levels and noise levels. We estimate these vasahleugh models relating information such
as the location of jobs and companies, commutiogdland land use data. The sources of
data and the options taken in these models argibleddn a series of appendices at the end of
the thesis.
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Chapter 2

The social distribution of mobility

The objectives of this chapter are to analyse tpatia distribution of multiple
dimensions of accessibility and pedestrian mobifitghe Lisbon Metropolitan Area in 1991
and 2001 and to assess social patterns in the ledychanges in the transport system affect
those dimensions. We consider that these pattatiee due to differences in residence
location, daily destinations and travel modes dased with each group. The aim is to
measure the extent to which the spatial distrilbutibthe transport infrastructure and levels of
provision of public transport generate inequalitedsove those implied by differences in
incomes, skills, preferences and other factorsdffatt the individual choices in the housing,
job and transport markets. As such, we compareeffexts of transport on the levels of
accessibility and pedestrian mobility of differegroups, for a given spatial distribution of

people, jobs and urban facilities assessed at tarments in time.

More specifically, the analysis intends to conttédotio the study of two questions in
academic research. The first question is the exdst®f social disadvantages in the levels of
provision of transport at each location, after coltihg for the geographic mismatch between
jobs and the location of some groups. We addrassgtiestion by comparing relationships
between socio-economic variables, the gap betwetenpal and realized accessibility to
places of work, the relative accessibility providadthe public and private transport systems
in each location and the relative efficiency offeagstem at each location, when comparing
with other locations. We also test whether the aadistribution of levels of accessibility to
urban facilities is independent of the distributiohaccessibility to centres of employment
and of the travel modes used. The aim of the arsalydo complement existing research on
the mismatch between private transport accesgibditd the public transport needs of
different populations [Kwok and Yeh 2004, Kawabatal Shen 2006, Kawabata 2009]. Our
intended contribution is to compare the effect ajdal choice and congestion as factors
behind the gap between potential and realized aimkty and to incorporate the role of
pedestrian mobility on the analysis of both effebisconsidering walking as a part of private

and public transport trips and as an option to ssoearby destinations.
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The second question is the existence of socialddea#ages in the distribution of the
impacts of urban transport in the level and quabtypedestrian mobility across different
neighbourhoods in the city. While the spatial dittion of pedestrian mobility has been
studied in regard to the local availability of pstiean destinations [Ceriet al 2007,
Marshall et al. 2009, Wittenet al. 2011] and perceptions of neighbourhood “walk&ili
[Greenberg and Renne 2005], there is no evidendbespatial variability of the effects of
motorized transport on pedestrian mobility withm @ban area. We assess the existence of
cumulative disadvantages for socio-economic grobyysestimating relationships between
socio-economic variables and three indicators adep&ian mobility. Disadvantages in
pedestrian mobility that depend on differences asidence location are assessed by the
effects of transport infrastructure and trafficédsson community severance and on exposures
to noise of pedestrians when walking around thghimurhood to access nearby destinations
or for exercise. Disadvantages that depend onrdiifees in daily destinations and travel
modes are assessed by levels of pedestrian exposoogse on the way to work. We assume
that the areas around each place of work haverdiffelevels of noise pollution, while
workers walking to work or walking to and waiting@ublic transport stops and stations are

more exposed to noise that workers commuting byapgitransport.

Besides addressing the two questions above, thaetethalso intends to give an overall
view of the distributive effects of the projectspl@mented in the period of concern in the
Lisbon Metropolitan Area, providing clues as to eiof the considered links between
transport, accessibility and pedestrian mobilitg argnificant in terms of social inequality,
thus becoming potentially policy-relevant. This esssnent is useful in the selection of
hypothesis to test in subsequent chapters. Thisdause only some of the indicators mapped
in this chapter will be theoretically relevant angrically significant when estimating their
relationships with the neighbourhoods’ social duites using different areas of comparison
[Chapter 3], changes in the social structure ardnd use [Chapter 4] and options and party-

political context at the moment of planning [Chaik

The analysis is conducted at the level of the emative district (ED), as this is the
smallest area for which demographic and socio-emindata is available, from the 1991 and
2001 Portuguese Population and Housing Census. HWow® take into account variations in
land use within each district, the indicators otessibility and pedestrian mobility are
assessed for a series of points representing fédreiit contiguous areas of residential land

inside each district, and then averaged for théridisaccording to the estimated spatial
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distribution of the population [Appendix 1]. Thelaalations use GIS network models for the
private, public and pedestrian transport systeni®81 and 2001 [Appendix 4 and 5].

The census data is first reduced to a small sstro€tured variables, by means of factor
analysis [Section 2.1]. We then compare the spalistribution of these variables with
indicators of accessibility [Section 2.2] and pddas mobility [Section 2.3]. Due to
differences in the statistical distribution of eaicldicator, the analysis uses a variety of
exploratory methods to assess social patternssfillition. In the case of accessibility to
places of work, we compare correlations betweenosemnomic variables and various
dimensions and components of accessibility. Th& ta#caccessibility to urban facilities is
mostly a ruralvs. urban problem, and so we analyse correlationsfierent partitions of the
data, thus controlling for the effect of geograpiaictors. The case of community severance is
analysed through logistic regression, as the prol@dfects only a small set of districts in the
study area. Pedestrian exposures to noise als@tdshow strong overall relationships with
socio-economic variables and so the analysis facosethe socio-economic profile of the
populations affected by different levels of expasuiThe analysis of map overlays
complements the numerical analysis in all casesrder to highlight the areas within the
metropolitan area with the most striking examplegransport-related disadvantage. The full
set of maps of the estimated indicators can bedonmppendix 9. As the indicators used in
this chapter support the empirical analysis indtieer chapters in the thesis, we also discuss

their theoretical implications and a series of edsén Section 2.4.
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2.1. Vectors of social differentiation

In order to identify the main vectors of social feientiation within the Lisbon
Metropolitan Area, we synthesise the social stmgctf the neighbourhoods in 1991 and 2001
through a factor analysis of census 8afactor analysis reduces a multivariate dataset to
smaller set of underlying but unobservable varigbighich describe what is in common
among the original variables. Although the intetgtien of the factors is subjective, factor
analysis and the closely related principal compbaealysis are commonly used in the study
of transport inequalities, as they minimize metHodal problems related to variable
selection and multicollinearity [Buzzelli and Jétr@004, Grineskiet al. 2007]. This is
because this technique defines a structured setawébles that have more power than
individual variables in explaining the spatial distition of the local effects of transport. In
fact, individual variables are in many cases imgerproxies for variables of interest that are

not available to the researcher, or are redundamtal high correlations with other variables.

The census data available at the enumerationdisttiel has information on individuals,
families, dwellings and buildings. We calculate aies of variables from the raw data, a
selection of 16 is then used in the factor analydise observations corresponding to each
district are weighted by its population, to accofmt the fact that there is considerable
variation in the population of districts in differteparts of the study area. The analysis used
the 1991 and 2001 and pooled datasets. The fadentfied in all three data sets have a very
similar composition, which means that the varialilekind the social differentiation between
neighbourhoods are similar in years. The resultsvshin this section and the ones used in

subsequent analysis are the ones for the pooledetat

The estimation used the principal components metimahich factors are uncorrelated

* The Portuguese National Statistics Office hasiphbtl similar studies of the 1991 and 2001 cenatss [tNE
1999, INE 2004b]. We do not use the results ofghgsidies, since the analysis includes variabliededt to
transport, such as time to work, which we considghe present study as dependent variables exuldiy the
social structure of the neighbourhoods.

® The initial set of variables used all data avadait ED level. Some variables such as the unemmaoy rate
were excluded due to their low variability. Othariables, such as employment in agriculture angtbportion
of young people were excluded due to distortionsiray from their inclusion alongside other variable
constructed using the same denominator [Johnst@8,1® 268]. Finally, population density was natlirded

due to its high correlation with total populatiavhich is used in our model to weight observations.
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linear combinations of the initial variables thateunt for as much of the variance in the data
set as possible. The factors can be characterizétel loadings, that is, the correlations with
the initial variables. Five factors were extracteding the rule of retaining those whose
eigenvalues are higher than one [Kaiser 1958he analysis also produces values for each
observation on the space of the factors, calletbfascores. These are obtained using the
regression method, which takes into account botiofaloadings and correlations among
initial variables and produces standardized scdfastor scores are standardized variables

with zero mean and unit standard deviation.

Table 2.1presents the factor loadings. In order to increélasdifferentiation of the factors,
we create a rotated factor matrix, using the Ontimnad)Varimax method, which minimizes the
number of variables with high loadings on eachdactThe five factors extracted explain
67.5% of the variance in the sample. The Kaiserét&)ikin measure of sampling adequacy
is 0.76, which suggests that the correlation masriappropriate for factoring. The values of
the communalities of each variable are also acbépta In the next paragraphs, we
characterize the extracted factors by analysingekpective loadings. As we mentioned, the
interpretation of the results of factor analysesubjective, and so the distinctions between
factors are not always clear. Therefore, we judgszbssary to complement the interpretation
of the factors using information not included ire tfactorization model, including census
variables that were only available as categoriahdor at higher levels of aggregation
(freguesid®. This information can be statistically relatedthe factor scores, shedding light

on the distinctiveness of each factor

® The eigenvalue of a factor is an indicator of éineount of the data set variance explained by tbf. It is
measured by the sum of squares of the correlatietseen the factor and each of the initial varigbkn
eigenvalue above one means that the factors comtaia information than that provided by a singldatale
" The communality of a variable represents the prtigno of its variance shared with the other vamabVia the
common factors. As a rule of thumb, only variabéth a communality value above 0.5 are usuallyinetz.
8 Freguesiaqcivil parishes) are Portugal’s smallest admiaittie units, below the level of municipalities.
° We only report the cases where the additionabbéeiis highly correlated to one factor and nohwiite others.

The full set of available variables can be founthimreferences given in the text.
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Table 2.1: Factor analysis of census variables (192 2001)

Factor1 Factor2 Factor3 Factor4 Factor5 omm.
Age Qualif. Urbaniz. Inf.Setts.  Migration
% of variance 24.5% 20.4% 8.6% 7.5% 6.5%
INDIVIDUALS
Men (% of adults) -0.27 -0.19 -0.30 0.09 0.63 0.61L
Elderly 0.90 0.02 -0.16 -0.03 -0.15 0.85
No/Lowest qualification 0.34 -0.67 -0.45 0.06 0.04 0.77
Graduates 0.13 0.80 0.34 -0.07 0.04 0.78
Employment/Population -0.47 0.20 0.39 -0.30 0.39 650.
Employment in services 0.28 0.51 0.48 -0.20 -0.14 .630
FAMILIES
1-2 members 0.86 -0.03 0.19 -0.08 0.14 0.81
With children (<15yrs old) -0.84 -0.03 -0.02 0.23 0.10 0.77
DWELLINGS
Households per dwelling 0.30 0.07 0.11 0.17 0.67 0.58
Informal -0.06 -0.02 0.00 0.84 0.08 0.72
With facilities -0.02 0.17 0.19 -0.79 -0.11 0.69
Large (>5 rooms) -0.06 0.83 -0.17 -0.04 -0.06 0.73
Owned -0.49 0.46 -0.03 -0.21 0.18 0.53
BUILDINGS
Dwellings per building -0.25 0.10 0.73 -0.06 -0.06 0.61
More than 40 yrs old 0.73 -0.04 -0.08 0.16 0.00 60.5
Exclusively residential -0.12 -0.04 -0.70 0.05 2.0 0.51

Note: All variables are expressed as ratios. Househmddsiwelling and dwellings per building are peteges
of maximum values in each year. The variable foellings with facilities is an average of the projmm of
dwellings with water, electricity, toilet and sewge facilities.

Factor 1 is the main vector of social differentatiin the study area, accounting for
24.5% of the variance in the data set. This faigoelated to ageing and lack of renovation,
having high factor loadings on the percentage déry people and older buildings. These
characteristics are also associated with high ptas of families with one or two members
and families without children.

Factor 2 explains 20.4% of the variance and igedl#o qualification levels. This factor
is associated positively with the proportion of dyrates in the adult population and the
proportion of population working in the servicestee, and is associated negatively with the
proportion of population with no qualifications with the lowest qualifications (primary
school). This factor is also related with the pmtjom of the largest dwellings and dwellings
owned by the occupiers, thus suggesting a relgtivigh standard of living. This is confirmed

by the fact that the spatial distribution of thdues for this factor is related to additional
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variables such as the share of skilled workersthadsalues of rents and mortgage payments
(variables available as categorical data) [INE 129®4b].

Factor 3 accounts for 8.6% of the total varianog faas high factor loadings on variables
measuring the level of urbanization within the stuatea: the number of dwellings per
building'® and employment in services (positive correlaticars) the proportion of building
that are exclusively residential (negative corretgt It is important to notice the differences
between this factor and Factor 2. The two most i@ variables in the composition of
Factor 3 (dwellings per building and residentiailldings) have negligible relationships with
Factor 2 (and with the other four factors). Whhe torrelations of both factors with the two
qualification variables have the same sign, theagnitude is higher for Factor 2, especially
for the case of the percentage of graduates. Intiad Factor 3 does not show any
relationship either with the percentage of largéwseellings or with the set of auxiliary
variables that define standard of living, which aréoth cases related to Factor 2. In sum,
while Factor 2 shows a clear set of relationshipth wualifications and related socio-

economic status, Factor 3 seems to be specifidonustructure.

Factor 4 accounts for 7.5% of the variance aralnseasure of housing deprivation, with
high positive loading on the percentage of informhakllings and high negative loading on
the proportion of dwellings with basic facilitieBhe mapping of the districts with high values
for this factor in 1991 reveals that they correspanostly to the clusters of informal
settlements (slums) existing in the Metropolitare#@ras given by the information produced
by some municipalities at the time of the 1993 mtwey done in the framework of the Special
Rehousing Programme (PER). The factor loadings ase consistent with the socio-
economic characterization of informal settlementthe metropolitan area, namely regarding
lower than average employment rates and the coinnnaf large families but small
dwellings [Costaet al. 1999, sect. 1.1]. Factor 4 is therefore an indicaf poverty and
economic and social exclusion. Furthermore, highesoccur in areas with high percentage
of foreign-born population, especially Africans, gisen by categorical data available for
2001 [INE 2004b] and data for administrative arf¢ld& d1991c, d2001c].

Finally, Factor 5 explains 6.5% of the variance asdinked to the proportion of

1 The number of dwellings per building is also a enaccurate characterization of the urban strudtutée
AML than building density (due to the prevalencehiagh-rise buildings) and population density (bessathere

are a large number of vacant buildings in the edipiarts of the cities and in the urbanizationsdstal areas).
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dwellings shared by more than one family houselaold by the proportion of males within
the population of working age (20-65). Although thrportion of shared dwellings is not
correlated with the proportion of households witie @r two members, according to National
Statistics reports [INE 1999, INE 2004b], that whie is correlated with the proportion of
single-individual households (variable not avakabl the enumeration district level for the
present study). The distribution of this factorcas administrative areas shows that it tends to
be higher in areas with relatively high proportions people of non-European origin
(especially from Brazil) and people who moved tosth areas in the last 5 years, and is lower
in areas with high proportions of people born ia #inea where they currently live. Factor 5 is
then related to migration, characterized by thglsimdividuals, usually males and of foreign

nationality, sharing dwellings and having recemtgved to the present area of residence.

Map 2.1: Age (F1) and Qualifications (F2) factor sares in 2001
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Apart from the level of urbanization, all factorsearelevant for a transport equity
analysis, as they define social groups that, basethe results of previous literature, have
considerably different mobility needs, levels otegs to other resources and restrictions in
their choices in the housing and transport markbtsparticular, we are interested in
investigating the role of the two major factorssotial differentiation in the metropolitan area
(age and qualification) in the spatial distributiminaccessibility and pedestrian mobility. The
distribution of the two main factors is representethe maps above. Elderly populations tend
to concentrate in the central parts of cities annt, while the distribution of populations
with different qualifications is based on the cdoris of access to Lisb&rand, within each

1 There are four major transport corridors to Listiothe North Bank, following the radial urban dmnent
shown byMap 1.1in Chapter 1: Northeast (V.F. Xira), North (Lourddorthwest (Sintra) and West (Cascais).
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municipality, on distances to those corridors. Tlegel of urbanization is treated in
subsequent analysis as a control variable, acomyrior differences between the urban,
suburban and semi-rural areas in the AML. In thet n&o sections, we relate the spatial
distribution of the factors in each year of anay® the performance of the metropolitan

transport system in terms of accessibility and p&ta mobility.
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2.2. The distribution of accessibility

In urban settings, accessibility can be definethasase with which opportunities may be
reached from a given location and by means of Hcpéar transport system [Morrist al.
1979]. The estimation of levels or changes in agibégdy is often used in the assessment of
the performance of the transport system and aéigionships with urban land use. However,
the concept is also central to the evaluation efafuity of the system, that is, the way that
the transport system fulfils the needs of all imdlials regardless of their socio-economic
characteristics. The empirical assessment of irgigsais usually based on the relationship
between the distribution of places of residencthefdifferent socio-economic groups and the
variability in indicators of accessibility acrodsetcity. In the case of accessibility to jobs,
these indicators usually take into account theaetitreness of all possible destinations in
terms of job opportunities, inversely weighted bg travel time to reach them. In the case of
accessibility to urban facilities, the focus tertdsbe the range of opportunities available,
expressed either as the time to the nearest faoilithe number of facilities attainable within

a given time.

While these methods assess inequalities based eoradbessibility potential of each
neighbourhood, a growing number of studies haven Isteessing the necessity to shift the
focus to the constraints faced by the individualthe realization of the accessibility potential
of the neighbourhood where they live. In fact, thiity of the transport system depends on
the transport modes the individuals can considepésns and in particular, on levels of car
ownership and use. We can then have a mismatchebetthe type of accessibility provided
by each place and the modes of transport usedéwpdpulation, especially in the cases of
low-income households and racial minorities [She998l Hess 2005, Grengs 2010].
Furthermore, the extent of this mismatch may vanysalerably within an urban area [Kwok
and Yeh 2004, Kawabata 2009]. This phenomenon temdee more visible in cities with
employment dispersion, low population densities amukntation towards car travel
[Kawabata and Shen 2006]. While these are tradititeatures of North American cities, they
are increasingly relevant in Europe, due to ten@sncfor suburbanization and
decentralization of employment, and in the AML @rcular, where there are still numerous

semi-rural areas available for urban expansiortivelg near to the metropolitan centre.

The analysis in this section intends to add to thosly of research, by comparing
differences in the relative accessibility of pubdind private transport at each location with
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differences in the efficiency of each transport madlative to other locations, in terms of
travel time and effects of congestion. In the aafs&ccessibility to jobs, developed in the first
two sub-sections, those two differences are studimdng other factors affecting the gap
between potential and realized accessibility tltahdt depend directly on levels of transport
provision at each place, but instead on the indi&isi choices regarding residence,
employment and transport. These include the distanavelled and the proportion of

commuters using public transport and walking. la thse of accessibility to urban facilities,
developed in the last sub-section, we investigadtetier social differences in the accessibility
to urban facilities are independent of differenicethe accessibility to centres of employment
and of the travel mode used.

The comparison of accessibility levels by differér@nsport modes requires a detailed
modelling of network travel times. In most of thadies on relative accessibility, car and bus
times do not include congestion and public transpones are derived from schedules.
However, the incorporation of more realistic hypsis about public transport time may
increase considerably the estimated accessibilfy lgetween public and private transport
[Benensoret al. 2010]. There are also socio-economic differenoethé time restrictions to
accessibility, such as the necessity of sched@mdytrip chaining [Dongt al. 2006] and the
variation of the availability and frequency of pugbltransport services and levels of
congestion throughout the day [Weber and Kwan 200@]attend to these issues, we model
the walking sections of the private and public $ort trips. In addition, we only consider
public transport options that allow passengerstigeaat and return from the place of work or
urban facilities within the relevant periods of tay, in line with assumptions regarding

starting and finishing time of jobs and openingdiof facilities as described in Appendix 3.

The gap between potential and realized accessibyito places of work

In this section, we assess relationships betweeln-economic variables and indicators
of accessibility. We define potential accessibilag a measure of the centrality of each
enumeration district in relation to major centrésemployment, when using the private or
public transport network under normal conditioneakzed accessibility is the average time
to work of the district’'s population, based on datacommuting trips by motorized transport
to major centres of employment and walking tripg¢arby destinations. In this indicator, we

consider the actual conditions of the transponvoeis, including congestion.
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The assessment of potential accessibility usesagitgrmeasure [Hansen 1959], which
defines the accessibility of a place as the surthefnumber of opportunities (in our case,
number of jobs) at a series of destinations, welity an impedance function measuring the
separation between the two places. The negativenexpial form of the impedance function
IS more appropriate at the urban scale, compariitly the power function, which usually
works better at regional scale [Fotheringham aniel@y 1989, p. 11-13]. We define the
indicator for two travel modes (private and pulit@nsport) and divide the day in peak and
off-peak periods [Appendix 3]. Potential accesgipiin the districti by modem is then the
sum of the number of jobs at each destinationstarting at each perigol weighted by a
negative function of travel timesto access that destination using that travel madehat
period?. The parametep in the impedance functions defines the steepnktiseadecay of
accessibility with travel time. We use the valie0.05, obtained by modelling commuting
flows between administrative areas as a functiotradfel times between their central points
and using a trip-distribution gravity model [Ortizand Willumsen 2006, chap?8]

Am= Zj,p Ejp ™ EXP=A mp)

The set of destinations represents major centresnployment and includes 207 and 240
points in 1991 and 2001 respectively [Appendix 2Tljis set was constructed considering
employment levels at the municipality level by seatf activity, which were disaggregated
using data on the number of employees of compaaggstered at eadneguesiaby sector. A
series of ancillary information was then used &nitfy precise locations in eaéleguesiafor
the employment in each sector. The level of empkaynin all sectors is then aggregated for
each of these locations. The set includes placésideuthe AML, as there are important
commuting flows from some peripheral areas in thetrapolitan areas to nearby
municipalities. The percentage of jobs startingeath period in each destination uses data
from a 1998 mobility survey at the municipality yDGTT and INE d1998].

Travel times take into account a series of condgimfluencing the crossing times for

each link in the network [Appendix 4.2 and 5.1].the case of the private transport and bus

12\We exclude from the analysis the cases where @ttalhsport is not attainable within a reasonakeéking
distance, taken as 1600m [Ayvalik and Khisty 2002].

3 The estimation used the 1991 and 2001 pooled etatdsommuting flows [INE d1991d, d2001d]. Whitsts
showed that the choice of a particular value inititerval [0.1-2] does not influence subsequentyais our

approach is limited by the fact that spatial intéicn in a heterogeneous urban area like the AMB ison-

43



network models, these comprise the speed limits dach type of road and location,
proportion of drivers above speed limit, levelsro&d hierarchy, road quality, slopes and
intersections. In the case of other public transpmossing times are based on the speeds
inferred from the 1991 and 2001 schedules. Thenasibn of optimal routes for the users of
private transport includes walking time from patkiawreas to final destinations in the case of
centres of employment in major urban areas wheeetsparking is limited. The optimal
routes for users of public transport include wagkirme between origins and destinations and

bus stops or stations, waiting time and interchdimge [Appendix 4.3 and 5.2].

We define the average time to wbtkf the population living in a given districtas the
weighted average of travel times to each destinadtoeach period of the day and by each
transport mode. In the formula below, the firsttp@spects motorized modes, wWihm,p
being the times to destinatigrduring periodp by modem (private or public transport) and
Fijm,pthe corresponding proportions of flows in the tataimber of workers living in the
district. The second part respects workers walkmgvork, with tjx the walking time to

destinatiork andW  , the proportion of all workers walking to that deation in periodp.
Ti = z imp Fiimp "t jmp +Zk'pwi,k,p ik

The estimation of commuting flows for each travedde and period are described in
detail in Appendix 2.4 and 3. We use data from 1881 and 2001 Census Commuting
Database at th&eguesialevel to derive the proportion of workers walkitg work. The
destinations of these trips are a set of pointslénand around each district [See Section 2.3
and Appendix 2.3]. We then use census data at hdekel to split trips by motorized
transport into intra and inter-municipality tripgcainto private and public transport trips. The
inter-municipality trips are then disaggregatedoimhunicipalities, using data from the
commuting database. Intra and inter-municipaligystiare finally assigned to the same set of
points used in the estimation of potential accél#tyibaccording to its estimated number of
jobs starting at each period of the day.

The travel times used in the calculation of thidi¢ator include the effect of congestion,
which depends on road traffic levels and compas#tid hese are modelled by assigning trips
to work and other personal trips to the respeatpemal routes calculated using theoretical
crossing times (based only on the characteristicth® road) and by modelling freight

stationary process and so the model would prodiffsxeht estimates in different subsets.

14 Time to work is a variable available in the popiola census but only at tlieeguesialevel.
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transport, other work-related trips, bus traffidamaffic crossing the AML. The procedures
are described in Appendix 6. The resulting passeogeunits are then compared with road

capacity and finally used to reduce the crossimgesi of cars and buses in the affected links
[Appendices 4.2 C and 5.1 A].

Table 2.2 shows the correlations between the five socio-econ factor scores found in
the previous section, potential accessibility, agertime to work and average commuting
distance. The calculation of this last variablesube same formula as time to work, adapted
for distances. Urbanization levelB3) and elderly populationg-{) are positively associated
with private and public transport accessibility amehatively associated with time to work
and commuting distance, which is explained by tigh kalues of those factors in the central
part of the metropolitan area (LisboRR (Qualifications) shares the same relationshipf wit
accessibility and time to work &l andF3, but relates positively with commuting distance.
This result dismisses the hypothesis that the ialgun times to work among qualification
groups is due to different levels of geographicahiaity between people and jobs. Despite a
reduction in the association of qualifications wabcessibility, the associations B2 with

commuting distance and time to work have also gttean from 1991 to 2001.

Table 2.2: Correlations between socio-economic fams, accessibility and commuting

Private tr. Public tr. ' Commuting
accessibility accessibility Time to work distance
Year 1991 2001 1991 2001 1991 2001 1991 2041
F1 0.47 0.40 0.59 0.52 -0.42 -0.33 -0.64 -0.65
F2 0.19 0.17 0.20 0.16 -0.26 -0.4D 0.08 0.15
F3 0.39 0.37 0.37 0.32 -0.09 -0.1p -0.12 -0.07
F4 0.08 0.16 0.06 0.15| 0.00 -0.02 -0.16 -0.20
F5 -0.06 -0.07 -0.07 -0.06 0.04 0.08 0.07 0.15

Notes Pearson correlations. N (1991)=14747, N(2001)380&\l values significant at 1% except where gali

We can visualise the social dimension in the gapvéen potential and realized
accessibility by mapping its spatial distributiokiap 2.2]. Although there was a general
reduction in time to work from 1991 to 2001, itstdbution in both years shows the same
pattern based on the position of centrality androommg to Lisbon. Times to work are lower
in Lisbon, increase in the surrounding areas, @serein the areas less dependent on
commuting to Lisbon and then increase in the pemnghregions. However, there are
exceptions to that pattern, which we can confirmldyking at the areas where the gap

between time to work and accessibility to jobs @strevident in each year. We selected the
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districts where the difference between their posgiin the time to work and private transport
accessibility ranks is a number higher than haéf tbtal number of districts. Although
Lisbon concentrates the major centres of employpsarhe of those districts are located in
this city, especially in deprived neighbourhoodgha east. The situation has improved, due
to the redevelopment of the areas around the namsport terminal at Lisboa Oriente.
However, some parts in eastern Lisbon remain infidegroup of areas of concern in 2001.
Outside Lisbon, the areas with the highest accéisgilgap are located mainly in the
Northeast corridor, despite the fact that this wees only access corridor to Lisbon that in
1991 had access to both motorways and railwayselas also an increase in the number of
areas located in the Northwest corridor from 1992@01, which is also striking, as a new
motorway was completed during that period and tleguency of rail services increased

considerably.

Overall, areas at similar distances to Lisbon ariith wimilar proportions of workers
commuting to Lisbon show very different times torlyonith an opposition between the areas
mentioned above and the West corridor, which has Highest proportions of qualified
populations. The table iRigure 2.1 confirms the incidence of the accessibility gapareas
with less-affluent populations (as shown by the atieg average of2 and the positive
average ofF4 (Informal Settlements). The scatter plot also sholwat the accessibility gap
tends to occur in areas that are more urbanizedhawel less-qualified populations, while the

few areas where the population has high qualificatiare located in less urbanized regions.

Map 2.2: Time to work and the gap between potentiadand realized accessibility
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>We use the indicator of private transport accégsitbecause its value is higher than the pubtansport

accessibility in all EDs and in both years anditsgpresents the maximum potential accessibilitgach ED.
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Figure 2.1: Characterization of areas with highestccessibility gap
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The effects of modal choice and congestion

We now look at measures of the gap between thenpatte@nd realized accessibility of
each place considering the destinations chosemshyopulation. We analyse separately the
effect of modal choice (the ratio between actuarage time to work and the average time
using the fastest transport mode available to acesxh destination) and the effect of
congestion (the ratio between actual average tintkthe average time under uncongested
conditions). Both effects depend on the proportibthe population using each mode and on
the relative efficiency of each mode for accesshegdestinations chosen. To isolate from the
former, we compare inequalities in the two effdotsall commuters in each ED and for the
users of each travel mode separately. We then cenfquath with the ratio of public to private
transport accessibility, which gives the generalatiee efficiency of each mode,
independently of the specific destinations chosgiitdpopulation. Finally, it is relevant to
consider the role of differences in proportionswafrkers walking to work as a mitigation
factor of potential inequalities caused by poorluipansport or congestion. We suppose that

walking is the fastest mode to access nearby a@giiits and is unaffected by congestion.

Table 2.3 shows the correlations between the socio-econdagiors and the indicators
presented in the last paragraph. While the geredfatt of modal choice relates negatively
with F2 (Qualifications) in both years, there is only ddrgorrelation when considering the
effect on public transport users only. The corretabf F2 with the ratio of public to private
transport accessibility is also low. The inequaiityhe effect of modal choice seems to come
therefore from the association betweeh and the percentage of workers commuting by

public transport, taking into account that privat@nsport is the fastest mode for the vast
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majority of the estimated optimal routes from entetien districts to destinations. The
importance of the choice between publ& private transport is especially relevant when we
look at the fact thaF2 is negatively correlated with the percentage ofkews walking to
work (who are not at disadvantage in the acceskeadf destinations). The factoFd andF3
do not show strong correlations with the effect mbdal choice and confirm that the
advantage of elderly populations and urbanizedsareterms of public transport accessibility
found in the previous sub-section is also validelative terms, when comparing with private
transport accessibility. The effect of congestienpositively associated with qualifications
and urbanization levels. However, the associatiath \gualifications is weaker (and has
decreased in the period concerned) when we sepghmtdfect for users of private and public
transport. This is because districts with highemlidications also tend to have lower

proportions of workers walking to work, who are affected by congestion.

Table 2.3: Correlations between socio-economic fams, relative accessibility and modal choice

Effect of modal choice ) ) Modal choice
Ratio pub.-priv. % Publ
All workers Public transport| tr. accessibility o mublic % Walk
transport
year| 1991 2001 1991 2001 1991 2001 1991 2041 1991 2001

F1| -0.05 0.05 0.01 -0.04 0.56 0.51 o.01 0.17 0.31 0.32
F2 | -0.49 -0.56 -0.07 0.05 0.16 0.09 -0.35 -0.44 310. -0.42
F3 | -0.14 -0.09 -0.24 -0.19 0.40 0.38 0.19 0.20 60.0 0.08
F4 0.16 0.14 0.13 0.05| 0.00 0.11 0.08 0.13 0.07 0.10
F5 | -0.01 -0.04 0.00 0.01 -0.07 -0.06| -0.01 -0.03 0.00 0.01

Effect of congestion

All workers Public transport| Private transport
year| 1991 2001 1991 2001 1991 2001
F1| -0.07 -0.17 0.02 -0.05 0.05 o0.01

F2 | 0.40 0.44 0.18 0.12 0.20 0.1
F3 | 0.33 0.22 0.31 0.16 0.38 0.3
F4 | -0.09 -0.09 -0.08 -0.06 -0.03 0.00

F5 | 0.00 -0.02 -0.02 -0.06 0.03 -0.04

— O

Notes Pearson correlations. N(1991)=14747, N(2001)=B0&3 values significant at 1% except where italic

The comparison aflap 2.3 andMap 2.4 suggests that the general decrease in the effect o
modal choice may be due to the increase of theestfgurivate transport usage, as the ratio of
public to private accessibility in most districtashnot increased. Some of the areas where the
effect of modal choice is more relevant have padlip transport relative accessibility, such
as the Northeast corridor and the central peninsutae South Bank. These are areas where
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rail services are relatively inefficient [CML-DPPE95b, p.55] and where urban expansion
has favoured areas near to the motorway but fan fial stations. In the second case, public
transport accessibility is also affected by lontgichanges by walking, as the only direct
connection with Lisbon is by ferry. Other areas énagood public transport relative
accessibility, such as the new neighbourhoods & kigbon, where public transport is the
fastest option to the centre but where workers tergse private transport, as was mentioned
in Chapter 1 (p.21). In the remaining cases, tiiecebf modal choice seems to be related
with the share of public transport, such as in ringnicipalities of Amadora and Almada,
which have the highest rates of public transpoggasin the AML [INE d2001d]. In both
years, there are also patterns at smaller scaldsifwthe same corridor or municipality), as
the effect is especially felt in areas far fromwalys but near motorways. These areas tend to

be rural and with less-qualified populations.

Map 2.3: Effect of modal choice on time to work
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The maps of the effect of congestifmap 2.5] shows that this effect has generally
deteriorated and has spread to the hinterland efNibrthwest and West corridors and the
South Bank, despite the construction of new roakisliand the widening of public transport
options. This pattern explains the decrease ircthmeelations of the effect witk3. Overall,
the imbalance between more and less affluent regiorthe effect of modal choice has a
mirror image in the imbalance in congestion, whie exception of the Northwest corridor,
which shows high values for both effects. We ca&o gke that the accessibility gap identified
for the Northeast corridor in the previous sub-secis not due to the effect of congestion but
only to poor relative public transport accessipjlias this is the only corridor that does not
show high levels of congestion. High congestiondesl are also observed in areas near some
rail lines (which are not affected by congestionyl @ areas served by roads with moderate
congestion indexes (such as the IC15 motorwayenest corridor), which is in both cases

explained by the high proportion of workers usiag and bus transport instead of rail.

Map 2.5: Effect of congestion on time to work
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The results of this sub-section show that inegealiin the gap between potential and
realized accessibility are not necessarily due moisinatch between the relative provision of
private and public transport and the specific neefisthe populations served, or to
disadvantages for the users of each mode in relatibh other locations. Relationships
between time to work and socio-economic variablegedd largely on differences in the
proportion of workers using private transport, whaterive from larger-scale economic and
social differences that affect the individual clesic
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Accessibility to urban facilities

The adequacy of the metropolitan transport systemrovide for non-work trips is a
dimension of accessibility that is increasingly om@ant in some parts of the AML, due to the
high and increasing proportions of elderly popuwiasi, who need to access on a regular basis
urban facilities such as health centres, publiditutgons, parks, public libraries or sport
facilities. Policies to improve accessibility toban facilities are not necessarily consistent
with policies directed at the overall accessibilitythe metropolitan level, since they must
attend to the number and distribution of faciliieseach municipality and to the provision of
public transport services in routes that may natade with major commuting routes. Time
constraints are also more relevant than in the cdisaccess to jobs, because access to
facilities is needed throughout the day and oftsuires trip chaining, as individuals tend to
visit more than one facility in a typical “run ends” day. Levels of accessibility to facilities
then depend on the availability, frequency andabglity of public transport at non-peak
times. The inclusion of accessibility to facilitiesthe present study aims at finding whether
inequalities in this dimension of accessibility sltbbe included as a distinct component of

transport equity or if they are fully captured bgqualities in accessibility to centres.

The analysis considers two types of facilities: Itheaentres and tax departments
[Appendix 2.2]. These facilities were chosen sitioey are not located in the same places
within each municipality. The location of tax defpaents is an indicator of the location of a
series of facilities available in the traditionanainistrative centres. The location of health
facilities is usually in less central, more resit@mareas. Other advantages in the use of these
pair of facilities are the facts that their spatatribution is relatively sparse as to require th
use of motorised transport and that most of thdtamhpulation needs to access them on a
regular basis, as the services provided are indlperof individual preferences. The analysis
assumes that the location of facilities is gived #mat transport policy is the only potential
policy lever to address accessibility inequalitidge to limitations on the resources needed to

multiply the number of facilities in dispersed, seaoral areas.

We integrate access to both facilities in a simgdex, in order to capture the effect of trip
chaining, which is especially relevant in the cashsn people living in semi-rural areas need
to access nearby cities and then access diffepeatibns within the city. The indicators we
use are then the minimum time spent in a roundftopm home to a health centre and a tax

department, either by private or public transp@fe assume that the set of choices in each
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ED is restricted to the facilities inside each naoypality and that facilities are homogeneous,
providing the same services. A final aspect toasois that access times are usually dependent
on scheduled arrangements of the institution \dsite order to include the effects of
variations in the level of public transport sergd@roughout the day, we consider that the
first facility is visited at peak time while travéletween facilities and the trip back home

occurs at off-peak time.

Table 2.4 shows the extent to which the social distributiontione to facilities is
independent of the distribution of accessibility dentres and the extent to which the
distribution of public transport time to facilities independent from the distribution of private
transport time. We distinguish between patternghat metropolitan level and within the
subsets of urban municipalities and municipalitigh both urban and rural areas.
Predictably, time to facilities is negatively cdated with urbanization leveld=8) in both
years and in the three subsets. Elderly populat{bt¥ tend to have better access to urban
facilities, but that advantage is less evidentemisrural areas. The strength of all correlations
is reduced when we control for the effect of gehacaessibility to centres. However, in the
semi-rural municipalities, time to facilities colages negatively with qualification$-2), an
effect that is independent of accessibility to oesit The relationships for public transport
time when controlled for private transport time ahd relationships for the ratio of public

and private transport time are weak in all cases.

Table 2.4: Correlations between socio-economic fams and time to urban facilities

Private tr. time to facilities Public tr. time to facilities Ratio public-
Control variable Private tr. Public tr. | Private tr. ime| private tr.time
access. jobs | access. jobs | to facilities to facilities
year 1991 2001 | 1991  2001] 1991 2000 1991 2001 1991 2001
F1| -0.31 -0.29| -0.21 -0.19 -0.10 -0.10 -0.07 -0/090.08 -0.10
AML F2| -0.12 -0.08] -0.06 -0.05 -0.02 0.00 0.01 0.07 0.04 0.10

F3| -0.34 -0.35| -0.21 -0.2( 0.20 -0.7
F1| -0.34 -0.40| -024 -0.29 -0.15 -0.1 -0.14 -0/140.14 -0.12
F2| 0.03 0.10 0.12 0.16 0.16 0.2 0.04 0.12 004 101

0 -0.15 -0130.1%@ -0.10
9
2
F3| -0.37 -0.38] -0.25 -0.2% -0.18 -0.20 -0.12 -0/,140.10 -0.09
1
2
1

Urban
municipalities

F1| -0.19 -0.11| -0.16 -0.1% -0.18 -0.1 0.05 -0/04.080 -0.01
F2| -0.23 -0.25| -0.27 -0.2$ -0.25 -0.220.00 0.06 0.06 0.10

Semi-rural
municipalities
F3| -0.30 -0.29| -0.21 -0.1 -0.15 -0.1 -0.19 -0/140.08 -0.07

Notes Pearson correlations. N(1991)=14744, N(2001)=2023| values significant at 1% except where italic
Correlations with F4 and F5 are not shown due wodmnificance.

Map 2.6 presents the distribution of the public transpione to facilities in 2001, which is
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similar to the distribution in 1991 (see p.264 ppandix). The distribution is more variable
than in the case of accessibility to jobs, haviagesal extreme values, mostly in the rural
areas of the South Bank. The influence of positiorelation to main commuting corridors is
also less marked, as patterns occur mostly at tih@aipality level, with the peripheral areas
in each municipality having higher times than tmeaa around the municipal capitals and
other cities and towns. However, these differeneaiyy among the group of semi-rural
municipalities and seem to relate less with thetribigtion of facilities inside each
municipality than with the scarcity of off-peakisport services in specific areas. This factor
iIs especially relevant in the northwestern munidypaMafra), where afternoon public
transport regularly connect villages with majoriestbut not always with the nearest town,
where the nearest facility is likely to be locatids also relevant in the industrial areas in the
central area in the South Bank, where public trartsis limited to the starting and ending
times of work in the biggest factories. The absevfca correlation between socio-economic
factors and public transport time to facilities wheontrolled for private transport time may

therefore hide relationships occurring inside eacimicipality.

Map 2.6: Public transport time to facilities in 20Q
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2.3. The distribution of pedestrian mobility

The quantification of changes in the mobility ofdpstrians has been slowly making its
way into transport project assessment, especiallythe cases of large infrastructure
constructed inside highly urbanized areas. Howetles, use of these measures has been
confined to the specific projects being assesssljing a gap of knowledge regarding the
effects of past practices in the distribution ofahes in pedestrian mobility across the
metropolitan area and regarding the possible sogaterns in this distribution. The
development of GIS-based measures of pedestrianilitpobf “walkability” at the
neighbourhood level is however an expanding rebefetd [Leslieet al. 2007, Achutharet
al. 2007, laconcet al. 2010]. These measures have been integrated isttidy of several
distributive issues in transport planning, suchha&saccessibility to jobs or to public transport
by socially disadvantaged groups [Jomtsal. 2005] and the special mobility needs of the
elderly [Mackettet al. 2008]. Indicators of pedestrian mobility have ats®n integrated in
the study of related issues like the probabilityw@iking [Manaugh and El-Geneidy 2011],
choices among public transport services [Guo andela Jr. 2008] and the hedonic

modelling of house prices [Lalat al. 2000, Song and Knaap 2003].

The study of intra-urban spatial variations in leveof pedestrian mobility has
predominantly focused on the local availabilitypeEfdestrian destinations [Cer al. 2007,
Marshallet al. 2009, Wittenet al. 2011]. There is less evidence on the spatial réiffees in
the quality of pedestrian mobility and on the exterwhich this mobility is restricted by road
traffic. This issue was only partially covered bye@&nberg and Renne (2005), who used a
sample of self-reported measures of neighbourhcalialility. The objective of this section
Is to study this issue using objective measurepeafestrian mobility estimated using GIS
methods and covering the metropolitan area. Weidenshat pedestrian mobility concerns
are less about the extent of the opportunities doainheach destination or the time required
reach destinations than about the characteristitiseotrip itself. We focus on the effects of
transport infrastructure and motorized traffic e guality of pedestrian trips. These effects
include community severance and the environmemisiainenity” of walking, as measured
by exposure to noise by pedestrians walking ardbedneighbourhood (to access particular

locations, meet people, or as exercise) or astaop#re journey to work.

We consider that pedestrians walk from the reptesgr points of each enumeration
district (O) to a set of nearby destinatiori3) (Figure 2.2]. In the case of exposure to noise on
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the way to work, pedestrians also walk to/from parks or public transport stops. The
location of pedestrian destinations is differen1@91 and 2001 and is obtained by a sampling
process described in Appendix 2.3A. This processies that each poi@ has between 4
and 12 possible destinations. All destinationslacated at a maximum distance of 800m. In
the calculation of the pedestrian mobility indiaatave assume that the general attractiveness
of each destination is measured by the populatwamgl nearby (estimated by assigning all the
population in the AML to its nearest point in thet sf all pedestrian destinations). For each
representative point in each district, the attvartess of each destination is then corrected by
a factor depending on distance [Appendix 2.4]. Témult is interpreted in the sections that
follow both as the potential of that destination pmpulation interaction and as a proxy for

the location of local jobs.

Figure 2.2: Spatial framework for the assessment giedestrian mobility

O: Enumeration district

D: Destinations

—— motorway
e road

- street

Community severance

The definition of transport-related community sewere depends on one’s understanding
of what is a “community”. However, we can broadlgsdribe it as the reduction in the
interaction potential between different parts aitg or town, due to the construction of linear
transport infrastructure, such as roads or railw&@@mmunity severance is a dimension of
pedestrian mobility in the sense that it restritis possibility of accessing destinations in
other communities on foot. Several countries haweelyced guidelines for the assessment of

community severance, which usually focus on theldeepedestrian crossings or on the way
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that populations are separated from services aqititiess located on the other side of new
transport links. In this study, we translate thaa@pt of community severance into a measure
based on a more literal interpretation of sepandbietween local populations, as we consider

that pedestrian destinations are places where atipulinteract.

We construct three alternative indicators, basedatiarnative definitions of what
constitutes a barrier to the movement of peoplevden different communities [Appendix 2.3
B]. In the first version, the set of barriers irsds only restricted-access transport
infrastructure, such as railways, motorways, daali@ageways and respective access roads. In
these cases, pedestrians can only cross to thesatleeof the infrastructure through a number
of footbridges or underpasses. We assume thastnfidure is a barrier to the movement of
pedestrians even when these facilities are preskm,to the intimidation effect of the
infrastructure and traffic at high speeds. In asédg¢wider, definition of transport barriers, we
add a number of multi-lane roads, where the nurobg@edestrian crossings is limited. In a
third indicator, we also include barriers poseditustrial sites. This accounts for the fact
that in some large industrial estates, accessdegteans is prohibited, while in other cases
there is a “disamenity” effect of walking througreas that are non-residential and visually
unappealing. In all versions, we define the comnyuseverance indicator in a given district
as the proportion of the population-interactiongmdial in that district’s set of destinations
that cannot be reached on the street network unlessing a barrier. This means that in the
example inFigure 2.2 the destinations Pand D, are labelled as “unattainable” for the

population living in point O.

Community severance does not follow a normal stedilsdistribution, as it affects only a
small set of districts in the study area. The \@eaof interest is then the probability of a
district being affected by the problem. We use dtgiregression to model the relationship
between the five socio-economic factors and thgddgodds ratio of a district being above a
given threshold for the community severance indicathe model is applied for the three
versions of the indicator and for two differentesinold values: 0.25 and 0.75. We model only
the case of 2001, as the number of barriers in 19%élatively small. While the models are
significant in all cases, it should be noticed thagistic regression is used here as a
descriptive measure only and not as an explanatargel, as it omits potentially relevant
explanatory variables, such as patterns of land Tsgge 2.5 shows the change in the odds
ratios for a unit change in the socio-economicdectThese values are obtained by taking the

exponential of the regression coefficients.
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Table 2.5: Logistic regression of community severae (2001)

Barriers (;;?Or:v?sg;nd Transport Transport and
railways only) (atl) industry
Indicator >0.25 >0.75 >0.25 >0.75 >0.25 >0.75
F1 1.16 1.03 1.27 1.20 1.11 1.03
F2 1.00 0.59 1.20° 0.79" 1.00 0.67
F3 1.01 0.44 1.38" 0.79 1.18 0.90
F4 1.14 1.24 1.13 1.28 1.19 1.32
F5 0.99 0.86 0.97 0.94 0.99 1.01
# Cases 2334 211 3253 369 5303 964
x likelihood 38.6 68.8 278.9 37.6 190.3 203.2
ratio (df=5) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001)

Note: N=20859. Significance (Wald test): * 1%, ** 5%

For the group of the most severely affected distrimdicator above 0.754 (Informal
Settlements) has the highest positive impact onotids ratio, especially as we include a
wider set of barriers in the definition, whif® (Qualifications) has a negative effect (change
in the odds ratio lower than unity). The impactFdfis due to the typical location of slums
areas in the most undesirable parts of each muliigip The negative impact d¥2 is also
consistent with the hypothesis stated in Chaptiafthere is a sorting of neighbourhoods to
the different socio-economic classes accordinghtr tability to pay for avoiding local
disamenities (p.11). However, when we include theug of districts with moderate
severance indices (indicator above 0.25), the ipeséffect ofF4 become less visible, while
the negative effect df2 disappears or become positive (in the case ofrithieator for all
transport barriers). While the socio-economic sgriof areas probably operates at very small
scales, the analysis of the spatial distributiorthef indicatofMap 2.7] shows that there are
variations between the different corridors of ascts Lisbon. In fact, the problem is more
acute in the two corridors that we identified poegly as the ones at highest disadvantage in
terms of realization of accessibility potential. eBle are the Northeast corridor, where
motorway and railway run parallel, and the Northiasridor, where population density is

high and population is distributed equally betwbeth sides of motorway and rail.

While the influence ofF3 (Urbanization) on community severance is positivieen
considering the wider set of affected areas, neigative for the set of the most affected areas
(indicator above 0.75). This is because the eftdcthe barriers in proportional terms is
naturally higher in rural communities, due to lowmwpulation interaction potentials. In

addition, areas with numerous mobility barriersdtém be located outside major centres and
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especially in the suburbs at the fringe of Lisbas, a result of the densification of the
motorway network along and crossing major commuénggs in the North Barfkiap 2.7].
The most affected areas are the ones around therLisng road (CRIL), which are also
constrained by other transport infrastructure anthlistrial areas. The problem does not affect
the South Bank, however, as the low population itiessallowed the construction of
motorways far from existing population concentnasioFor both threshold levels, the factor
score for elderly population§{) has a positive effect on community severanceg@afly in

the case of the indicator that considers all trartsparriers, as these populations have high
relative concentrations in Lisbon and in major oesit where the density of roads is higher
but where motorways and large industrial siteselaively rare.

Map 2.7: Community severance in 2001 (Barriers: trasport and industry)
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These results suggest that the relationships batweexmunity severance and socio-
economic variables are more relevant when we focughe most severe cases of severance.
The need to attend to the distributive effectsai/ransport infrastructure is then especially
relevant in the cases of routes crossing areashtiag already other barriers to pedestrian
mobility. In addition, the analysis of those effeatust consider existing patterns of land use
and future changes. This is especially the casenwtgtes cross through mixed residential-

industrial areas, creating multiple barriers togstdan mobility. It is also relevant in the case
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of semi-rural communities, which may be geograghidar from other communities on the
same side of the new links and where the impaseweérance with communities on the other
side would be proportionally more damaging to Ievel pedestrian mobility than in other

cases.

Environmental quality

As we mentioned in the introductory chapter, thaligy of mobility for pedestrians
depends on the number and level of environmentédanaes in the routes chosen, a
significant part of which being effects of motodsegansport. In this study, we focus on the
specific case of pedestrian exposures to ndise consider that exposures depends on the
individuals’ patterns of daily mobility, as theyateto access different areas at different times
of the day, which are associated with differentseolevels. We assume that those needs
depend on employment condition, and so distingtosteach neighbourhood the exposures
for the employed population and the exposureshierémaining populatiofTable 2.6].

Table 2.6: Exposure to transport noise of a neighbwwhood’s population

Employment Means of Exposure to noise as pedestrian Exposure route
status transport
Not employed Walk
POy Around the neighbourhood Fastest routes to nearby
Walk destinations
Public Waiting at stops or stations
Employed transport Walking to/between stops or stations Fastest route to places of
. work
Private Walking to car parks
transport

The exposure to noise of the population that is eraployed is based on the fastest
walking route from home (one of the enumeratiortridiss representative points) to the
corresponding set of pedestrian destinations. Wiemal¢he indicator of “exposure to noise
around the neighbourhood” for a given distries the sum for all destinatiok®f the length-
averaged noise levels on the pedestrian routesadh destinationN,x) multiplied by the

probability that pedestrians choose that destinafltnis probability is the proportion of that

®We analyse this case because the noise propagaditerns are less complex to model than thoseirof a
pollution. We must bear in mind, however, that eliénces in the spatial distribution of noise anmdoallution
may originate different socio-economic patternsir@fquality in the same urban area [Brainatdal 2002,
2003].
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destination’s population-interaction potential fbrat ED (P;x) and the total population-
interaction potential of the EDX{Py)). We assume that pedestrians do not consider
destinations on the opposite side of the trandpamtiers defined in the previous sections, in
order to assure that the exposure to noise and coitynseverance indicators provide
measures of separate dimensions of pedestrian itgotWe also assume the number of
pedestrian trips is constant throughout the day amduch the noise exposufdk are a
weighted average of exposures at peak and off-peeds, where the weights are the number

of hours in each period (see p.216).

The exposure to noise of the employed populatiggedéds on the mode of transport used
and is based on the pedestrian sections of thestastutes to work using each mode, obtained
in the estimation of accessibility indicators (p44We define the indicator of “exposure to
noise on the way to work” for a district's poputati Nwk) as the weighted average of the
exposures for workers travelling to each destimat@ each period of the day by each
transport mode. In the formula belo#,; n,and W, are the proportions of all workers in
districti that start work during perigglat locationj and travel by motorized moahe (private
or public transport) and the proportions of workstiating work during the same peripdt
locationk accessed by walking\ijmpare the exposures to noise in the pedestrian seatib
the journey to work by motorised mode, whig , are the length-weighted average of noise
exposures in the routes taken by workers walkingdik.

Nwk; = z imp iimp " Nijmp +zk’pwi,k,p *Nikp

We use the same disaggregation of commuting daitathe calculation of average time
to work. Workers walking to work access the samstidations as the population walking
around the neighbourhood, as defined previousle daily exposure to noise of users of
motorized moden starting work during period and ending at the corresponding pefpods

then given by the equivalent exposure 1&ef the exposures in all pedestrian sections of the

" We focus on the exposure to noise of individuaistie walking sections on their journey to work amu
while inside vehicles. Levels of exposure insidéigies tend to be comparable in cars and buseslagtuly
higher in trains and in the underground [Bugliarelf al. 1976, Chs. 6, 10].

18 Equivalent exposure level is the noise level thaer a defined period, contains the same amouataofistic

energy as the actual varying noise.
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return trip to work. In the formula below;;mn, andT;;m are the total walking times in the
journey from district to locationj using modem during periodg andp’ respectivelyN;jmp
and Nj;mp are the length-averaged noise levels in the pedestoutes used (or the noise

level at the stop or station, in the case of wgitime).

N

jimp’

*10 10

Ni, j.mp

*10 10 +T

N =10*log,o| T

i,imp i, ,mp jimp'
In the case of private transport, the pedestriatiges are the walking time between car
parks and places of wadrk while in the case of public transport, those isestare the times
walking from home or place of work to stops oristag or when interchanging to different
modes or services. We include the waiting timellagstaps, as the usual noise loudness and
duration of exposure at bus stops and train or ngndend stations tends to exceed standards
[Gershonet al. 2006]. In the AML, levels of exposure to noise hwaiting at bus stops are
probably above similar cities, due to the locatadna large number of stops along major
transport arteries, both in Lisbon and in the sumding areasHigure 2.3. There is also
evidence that noise levels at the Lisbon undergtaiations at the time of arrival, stop and
departure of trains is higher than any other uneryd systems in the world [Davis and

Zubkoff 1964, results reproduced in Bugliaredkoal. 1976, p.89].

Figure 2.3: Examples of bus stops in the Lisbon Meatpolitan Area

Sources http://www.aca-m.org, http://a-sul.blogspot.cdititp://cidadaniaresponsavel.wordpress.com

The estimation of exposures uses peak and off-pe&e levels surfaces modelled for
1991 and 2001. Appendix 7 presents in detail thehouwlogical procedures used. We

estimate noise levels for each link of the motorwaad and rail networks, based on the

9In the routes accessing destinations where c&impis not modelled, we assume that the exposurmise is

an average of the background noise at origin astirdgion (see p.248).
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characteristics of the link and on the estimatatfitr levels, composition and speeds in each
year. Information is also included on industrialisgo and flight paths, extracted from
available noise maps for recent years. The noigeldeat these sources are then used to
estimate levels for a 40m grid of points, basedaymulas on noise propagation from each
source and using several geographic datasets espireg local conditions. Noise levels at

railway and underground stations are modelled seéglsr

The maps of the two indicatorsigp 2.8 andMap 2.9] show their singularities in terms of
absolute values and variability. The exposuresoisenaround the neighbourhood are higher
and less variable than values found in the tratspaquity literature based on exposures at
home. This is because the construction of the atdicimplies that people in all districts in
given area visit with the highest probability soofethe noisiest points in that area, as more
populated places will tend to have higher noisellevOn the other hand, exposures to noise
on the way to work are lower than exposures ardbhacheighbourhood, as they incorporate
the share of the population that is not exposeddise (the cases of private transport
commuters who travel to destinations where thermigseed to walk from parking spaces to
the place of work). Finally, the distributions adfth indicators show different overall patterns
from the indicator of community severance, as tegend not only on the location of the

infrastructure but also on traffic levels.

Figure 2.4 shows the population-weighted averages of soamm@&mic factor scores for
each class of noise exposure. The top part ofithee shows that in the period concerned
there was a structural change in the distributibrexposures around the neighbourhood
among age group$1). In fact, apart from the most extreme exposuvele which remain
associated with negative values Kf, the average value @il for noise exposures above
standards (taken as 55 dB(A)) has increased suiagiyanMap 2.8 suggests that this change
may be linked to the increase of noise levels m ¢hy of Lisbon, municipal capitals and
other consolidated urban areas, where the popolédiolder than average. Exposures have
increased in most areas, with values above stasdgméading to a large number of areas in
the outer municipalities the South Bank. Spatiffedences in 2001 occur mostly at the level
of the municipality, as the areas with the highegiosure are the outer parts of Lisbon and
the parts of adjacent municipalities that are calog® Lisbon or to major transport
infrastructure. The situation is especially acatéhie Northeast corridor, which is formed by a
long and narrow strip of residential land sidednagional-level road and rail infrastructure,

along flight paths and beside the major industr@atidor in the metropolitan area. Exposures
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are also especially high in some of the new devetaqs in less dense areas, which have few
pedestrian destinations, accessible only by usisy boads crossing vacant areas.

The distribution of exposures on the way to workaading to qualification levels
(bottom part ofFigure 2.4) has remained unchanged from 1991 to 2001, shoamngimost
perfect separation between above-average qualificain areas above standards and below-
average qualifications in areas below standards. &tteption to this pattern occurs in the
areas with the smallest noise exposures, whichespond to isolated areas in rural
municipalities Map 2.9]. These regions tend to have populations with vt low
gualification levelsOverall, the spatial distribution of this indicafotlows patterns based on
levels of commuting to Lisbon by public transp@s, destinations in Lisbon have the highest
noise levels and as such, waiting at bus stops@meturn trip will contribute to higher daily
exposures. The socio-economic dimension underribatipattern is similar to the case of the
gap between potential and realized accessibilitgl (@ a lesser extent, to the case of noise
around the neighbourhood). Areas in the Northwest Hortheast corridors, which have
relatively less-qualified populations, tend to hatee highest number of districts with
exposures above standard, while more affluent ameathe West corridor have lower

exposures for comparable proportion of workers caoimg to Lisbon by all transport modes.

Figure 2.4: Pedestrian noise exposures and socioeaomic factor scores in 2001
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Map 2.8: Exposure to noise of pedestrians walkingraund the neighbourhood
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Although the distribution of noise exposures arouhd neighbourhood according to
qualification levels does not show a discernabkistical structure at the level of the
metropolitan area, patterns emerge when we map@nbas that exceed standards of both
exposures around the neighbourhood and exposurtte avay to work. The situation in 2001
is presented iMap 2.10 which shows that areas with exposures above atdadand with
qualifications higher than average are limitedhe tentral part of Lisbon, while the large

majority of the other areas above standards haskfigations lower than average.
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Map 2.10: Noise above standards and qualificatiorelels
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As a conclusion, the results of this sub-sectiawsthat the effects of the construction of
transport infrastructure on the two indicators xjp@sure to noise contribute to the emergence
of inequalities at different scales. The projectséh intensified the differences between
exposures of noise around the neighbourhood amoeds an the same municipality, with
effects on exposures of elderly populations. Onatfier hand, the projects have not reduced

the differences between exposures of noise on #etowork among different corridors of

access to Lisbon and qualification groups.
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2.4. Methodological considerations

This section discusses some of the limitations @wskible extensions to the analysis in
the preceding sections, namely regarding the gewmdeaphic classification of the
enumeration districts and the construction andméation of the indicators of accessibility

and pedestrian mobility.

A problem common to most transport equity studgeshat results are sensitive to the
specification of the unit of analysis, which conses the choices over the level of data
aggregation and over the borders dividing the ufitdés is known in the literature as the
Modifiable Areal Unit Problem (MAUP) [Openshaw 1984n fact, the interpretation of
census districts as socio-economic units may cregeortions in the assessment of
relationships between socio-economic groups aneldewf accessibility or pedestrian
mobility, due to the internal heterogeneity of tiistricts and to the fact that residential
segregation leads to the concentration of somepgrouspecific sections of each district. In
fact, evidence shows that aggregation issues affeetsocial distribution of pollution
concentrations [Sui 1999, Badext al 2007] and the estimation of levels of pedestrian
mobility [Hewko 2002]. While these distortions ameinimal in each district, they are
potentially amplified at the metropolitan level,chese enumeration districts do not always
have similar population and compactness, with difiees in our case between Lisbon and

the rest of the metropolitan area.

The factorization of socio-economic data may alsie lmelevant detail, such as the socio-
economic differentiation within the aged populatemd the age structure of different socio-
economic classes. Furthermore, due to the unavéyabf data at the enumeration district
level, the analysis does not incorporate racidedehtiation. As we saw in Section 2.1, the
values of Factors 4 and 5 are related with the gntams of some national or racial minorities
at higher levels of data aggregation, but thisti@ighip may not hold at the level of the
enumeration district. Race may therefore be anpedédent factor of social differentiation,
with specific relationships with levels of acced#ip or pedestrian mobility. The results of
studies in the AML show that in areas where mimgiare more numerous and there are high
levels of racial segregation, the specific locagi@mtcupied by those groups have serious

insufficiencies in terms of access to public tramspnd local mobility [Cachado 2008].

There is also some ambiguity in the identificatodrctlasses of concern in terms of cut-off
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values of the factor scores obtained (opposingef@mple age or qualifications above and
below the mean). In fact, transport-related disathges may affect especially the classes in
the middle [Havarebt al. 2009]. Alternatives to our approach could be te asnultiple-class
structure [Brainardet al. 2003] or to analyse social indices alongside thedividual
components [King and Stedman 2000, Ryel. 2001]. However, these approaches would
bring a level of complexity that could obscure ttoeus of our analysis, which is the

determination of patterns in the distribution ofltiple effects of transport.

The unavailability of individual data also limithe construction of some of our
indicators. The estimation of accessibility levatsumes that trips are only assessed in terms
of time. However, beside less tangible costs sischomvenience and comfort, accessibility
also depends on monetary costs, including theivelabst between car and public transport
or between different public transport companies tredadditional costs of using more than
one company. In the case of the AML, this issuespecially relevant in the South Bank
where the integration of public transport servibes started only recently. The estimated
levels of public transport accessibility in thigarmay then overestimate accessibility as felt
by the population. In general, it is difficult toake an economic interpretation of accessibility
measures based on times or gravity potentialshes do not include the preferences of the
households and their available or perceived chegtg, in terms of destinations and available
transport. Possible solutions to integrate thetytilf each destination in the analysis of job
accessibility include the consideration of wagesampetition for jobs at each destination
[Van Weeet al. 2001, Wang 2003] and the measurement of accagsiid a proportion of
jobs attainable for the population of each distdactording to its socio-professional group
[Cerveroet al. 1999]. However, in our case, while it is possitdelisaggregate employment
by sector of activity at each destination, the lade census data only provides a simple 3-

sector classification for the population livingaach district.

The relevance of exogenous factors of cost is atstssue in the estimation of levels of
pedestrian mobility. In fact, the times, effort guidasure associated with walking depend on
topography and on the characteristics of the strestpecially when pedestrians share the
same space with cars in narrow streets, such e®gt of the old neighbourhoods in Lisbon,
or in cases where parked cars occupy the spageétastrians, which happens throughout the
metropolitan area. It is also important to considiee way that people perceive the
deterioration of pedestrian mobility. Perceptiofismear” or “connected” in heterogeneous

urban regions such as the AML depend of adminiggdtorders, historical factors and levels
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of socio-economic and racial segregation. The pm&tation of the maximum walking
distances used to construct the set of pedestdatindtions (800m) also depends on whether
we consider that value as “usual”’ (average) walklisiances or as a standard that should not
be exceeded. We can also presume that populatidass urbanized areas are more receptive
to walk longer distances in order to assess semacepopulation centres. In that case, the
value used for the definition of pedestrian desitms should not be uniform throughout the
study area. The ambiguity in the assignment ofrpatars in the measurement of mobility is
also felt in the case of community severance, wiligbends on judgements on the way that
available crossings facilitate or not the movenwnpeople between the two sides of a road
or railway. For example, Clarkt al. (1991) propose a mitigation factor for community

severance representing the number and acceptaifikitypssing points.

We should also question the rationale of understgndoise as a ‘bad’ restricting
pedestrian mobility. Generally, noise annoyanceditets in terms of health and quality of
life [Dratva et al. 2010], which may condition people’s propensity ialk or attitudes
towards walking, perhaps to a higher degree th&aeroénvironmental aspects such as air
pollution, since noise is a more perceivable nuisamdowever, subjective assessments of
individual annoyance do not depend only on levdlsexposure but also on individual
characteristics and on the physical and socialrenment. The empirical evidence on the link
between noise levels and annoyance is mixed, baligated by some studies [Satb al.
1999, Michaudet al. 2008], but rejected by others [Heinonen-Guzeajewal. 2000, Paunoi
et al. 2009]. While the general idea is that noise annogas higher at home and at night-
time, as noise stands out against a lower levbhokground noise, results from some studies
in the UK have shown that levels of annoyance ataelated to the distance between home
or workplace to a road [Williams and McCrae 199Hje results of an experiment in Italy
also suggest that personal assessments of nomls erelate well with actual noise levels
when individuals are travelling in the city, buttrwhen individuals are at home or at work
[Orlandoet al. 1994]. It is nevertheless difficult to generalibe results of studies of noise
annoyance, as they depend on the characteristicshef city analysed and on the

environmental (and economic) conditions at the torihéhe survey.

There are also certain caveats in the inclusioncide levels in quantitative studies. In
fact, the effect of halving the acoustic power faand source is only a 3 dB (A) reduction
on the noise level, which is scarcely noticeablentust people. There are also differences in

levels of perception of different noise sourcesthwioise from trains perceived as less
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annoying than noise of equal loudness from carf wine difference corresponding to an
effect of 5 dB(A) [Miedema and Oudshoorn 2001].deneral, annoyance depends on a
variety of physical characteristics of the noiselit such as intensity, duration and frequency.
The noise measure used in this study (the equivaseund level) could then be
complemented with quantile-based measures (suthgasnd with measures of fluctuations
of noise or the number of noise events from diffiesources. Extensions of our analysis can
also benefit from ongoing research on the constmaif qualitative noise maps for Lisbon,
which incorporate people’s perceptions and the daatiributes of different noise sources
[Boubezari and Bento Coelho 2004].

A final issue regards the question of whether tasader the overall statistical distribution
of noise levels or to focus only on “unacceptaldiels. Although some previous studies
follow this last approach [Guniet al. 2003 and Greeet al. 2004], the definition of these
standards is not consensual. For example, accontinthe current legal framework in
Portugaf®, noise mitigation plans should be implemented wheise levels in an area exceed
standards defined for each time of day and typkmd use. The law distinguishes between
the daytime standard of 55 db (A) equivalent cardirs sound level for “sensitive zones”
(such as residential areas or hospitals) and 63)d®{ other areas. However, these values
are higher than the values proposed by the WHOQ)1 9¢hich suggests that 50 dB(A) is the

annoyance limit for outdoor activities (such askivad).

% Noise General Regulation, Decree-Law 9/2007, aJdnuary
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Conclusions

This chapter compared the social distribution afesal dimensions of accessibility and
pedestrian mobility in the Lisbon Metropolitan Ar@de focus was on the inequalities caused
by the insufficiency of the transport supply indaaf the individuals’ accessibility needs at
each neighbourhood and on inequalities in the idigion of the effects of transport on
pedestrian mobility. We found that because eldpdgulations tend to live in central areas,
they have relatively good accessibility to urbacilfées but they are also affected by
community severance and pedestrian exposure t@.nbess-qualified populations tend to
have longer times to work, but this may be solelg tb higher rates of public transport usage
and not to geographic disadvantages, as thesegimmd travel shorter distances and are less
affected by congestion. In addition, their areagesidence are not at disadvantage in the
provision of public transport, either when compgnith private transport in the same areas
or with public transport in other areas. On theeothand, the areas where the effects of
transport on community severance and pedestriansexe to noise are more acute tend to
have less-qualified populations. Finally, the resploint out to the relevance of considering
urbanization level as a control variable and tortfalest explanatory power of other socio-
economic variables, expect in the case of commuséyerance, where the location of

informal settlements is the most relevant variable.

The analysis of the evolution of the various inthca allows some generalization to other
urban areas facing the same context of fast exparnsithe motorway network and increase
in private transport commuting. The maps in thispter show that these two factors
contribute to the deterioration of pedestrian mtpiboth in areas in the historical centres
(where road traffic increases) and at the fringeshe main city in the metropolitan area
(which are crossed by the new roads). Howeveheséd areas the population usually tends to
rely on walking and on public transport, since thase the most efficient means of transport
or because the population lacks access to carstodhmgh proportions of elderly and low-
gualified populations. The integration of pedestriaobility as an equity issue in transport
planning should attend therefore to the existerfceumulative disadvantages derived from
social patterns of residence location and privatesiport use in the areas where new roads do

not bring accessibility benefits, but where pedastmobility is negatively affected.

The map analysis also suggests that inequalityeqattdo not occur necessarily at the
scale of the metropolitan area and may vary amdsgdifferent regions. The spatial
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distribution of indicators related to the journeywork (such as the effect of modal choice
and congestion and the level of noise exposurggteseinequalities between the different
corridors of access to Lisbon, that is, betweemsua similar distances to Lisbon and with
similar proportions of workers commuting to LisbdAowever, the distribution of other

indicators, such as community severance, exposarasise around the neighbourhood and
accessibility to local facilities creates pattemshin the same corridor of access or within
each municipality. We develop this issue in thdofwing chapter, by estimating statistical

models to explain the distribution of accessibiityd pedestrian mobility taking into account

the spatial variability of their relationships whcio-economic factors.
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Chapter 3

Spatial non-stationarity in transport inequality

The recognition of the policy relevance of socr@qualities presupposes the acceptance
of certain principles of social justice. Howevaerstice is a value-laden concept and can have
as many definitions as the situations in whichsitused or the political agendas of the
individuals using it. While equality can be simplgfined as a uniform distribution, principles
of justice (or equity) tend to be justificationsr fdeviating from equality. According to
authors such as Young (1990) and Elster (1992xethestifications are not universal but
contextual, as in practice, different goods ardrithsted following different principles, by
different institutions and at particular times gildces. This debate has also reached the fields
of transport and environmental research, wheredften argued that social justice should not
be equated with the achievement of perfect equalitye distribution of benefits and costs
among social groups, but instead with the corractibspecific inequalities that emerged in
the light of specific processes [Cutter 1995, Hsaie 2002].

As transport is an activity with effects over spatiee evaluation of its distributive
outcomes must consider the specific geographicegbrm which these outcomes appear and
in particular the set of areas among which thecesfare distributed. Transport equity studies
have examined patterns occurring in cities, metitgyoareas or wider regions. However, the
borders of these areas do not always correspordistontinuities in terms of the forces
affecting the location of transport infrastructared the spatial distribution of the population.
When those forces operate over a wider area, #rerdistortions arising from not including
all the relevant areas in the analysis (“edge &fgcWhen they operate at a smaller scale, the
analysis may hide relevant detail, due to the mplgltdistributive patterns that arise when the
processes behind those patterns are non-statiomapace, that is, vary among the different
parts of the study area. The search for statistasmociations between socio-economic
variables and indicators of the effects of transpaust then consider the specific locations
and the scafé where they might occur. The interpretation of thaessociations as injustices

ZL\We use the term “scale” in this chapter with theaming of “scale of analysis” (the set of obseprai

included in each model, also known as “scope ofyais), not with the meaning of “scale of resoaut! (the
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will then depend on the priority one assigns to alchievement of equality along different
socio-economic lines, in specific locations andacific scales. The correction of the spatial
inequalities found will also depend on the degeevhich they overlap with administrative

units and on the access of the governments of tn@eto the relevant policy instruments.

The spatial variability in the relationships betwehe effects of transport and socio-
economic factors has attracted growing intereseaent years. Among the methods used to
analyse this question, geographic weighted regres@WR) is the one that provides a
higher degree of flexibility. GWR assumes that tieteships are specific to each place and
can be estimated by using the data for all othacqd in the study area weighted by their
proximity. This approach was used to analyse t&idution of effects of transport such as
job accessibility [Lloyd and Shuttleworth 2005] apdllution [Gilbert and Chakraborty
2011]. This research has however focused on th@bpariability within broad regions. The
analysis in this chapter intends to build on tleisearch, by adapting the GWR method to the
study of the spatial variability within an urbarear We assume that relationships between
transport and socio-economic variables are spetufiall places sharing certain geographic
attributes. We then estimate a separate regrefsig@ach place, using the data for all places
weighted by their distances measured not in gebigagpace but in the space defined by
those attributes.

The hypothesis is that in urban contexts, and esibein heterogeneous metropolitan
areas such as the AML, households and policy-makeake decisions over space by
comparing neighbourhoods according to their fumatiaole in the metropolitan space. This
role is assessed by factors such as the positidimeofieighbourhoods in relation to the main
centres or by the commuting possibilities that ¢hnsighbourhoods offer. The relationships
between the effects of transport and the socialggaffected may then vary with the local
relevance of those factors, as they have a variabiieence in the location of population and
transport infrastructure. In addition, individualsay also assess the fairness of transport
policies by comparing the conditions of neighbouri® that they believe have similar
functional roles or where the population has simil@eds for the different goods distributed
by transport. In other words, they construct “comitias of justice” defining the set of areas
among which they consider that the policy-makerushoedistribute the effects of transport.
For these reasons, it is possible to derive diffengequality patterns from the same scenatrio,

spatial unit at which those observations were nmeau
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depending on which we consider to be the attribdégming comparable areas.

This chapter will assess the influence of the didim of different comparison spaces in
the relationships between socio-economic variabled the effects of urban transport on
different dimensions of mobility of the local poptibns. The analysis aims at answering the
hypotheses that emerged in the map analysis int€hdpwhich suggested the existence of
local patterns that do not correspond to the nuwakrelationships estimated at the global
(metropolitan) level. We focus on three of the aadors defined in that chapter: time to work
[Section 3.2], pedestrian exposure to noise ondg to work [Section 3.3] and exposure to
noise of pedestrians walking around the neighbadhfSection 3.4]. In a first section
[Section 3.1], we briefly describe the methods usegrevious research and present our
model formulation and the interpretation of spatiah-heterogeneity in transport inequality
in terms of communities of justice. The resultsiaterpreted jointly in Section 3.5, where we
discuss the limitations posed to policy intervemtiny the existence of inequalities in different
locations and at different scales.
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3.1. Spatial non-stationarity and “communities of pstice”

The concept of spatial non-stationarity descrillesvariation of a statistical relationship
estimated in different places. This is one of arepiaf inter-related issues affecting spatial
analysis, together with spatial autocorrelatiore Modifiable Areal Unit Problem and the
ecological fallacy. While the denominations of thder two issues hint at the presence of a
problem that needs to be fixed, the cases of dpairastationarity and autocorrelation pose
different questions, as we may consider them aslbfect of study itself. In this chapter, we
are concerned about the hypothesis of non-stattgriarthe relationships between transport
and the location of social groups, although as Wesee below, some methods to analyse this
question also address spatial autocorrelation.i@pain-stationarity is especially relevant in
relationships measured in large or heterogeneaisn® In the case of the processes leading
to transport inequality, the relationships betwtgenvariables of concern depend for example
on contextual factors that influence both the tpamsand land use policies applied at each
place and the individuals’ preferences and chaitéise housing and transport markets. There
are usually spatial variations on the parametedsanthe performance of a given model in
explaining relationships between transport andaseconomic variables. This detail can only
be captured by models where parameters are alltovedry with location. The research on
transport inequalities has profited from recentalegments on the methods for tackling this
iIssue, including the formulation of models anddlesign of specific statistical software.

We can address spatial non-stationarity by estngaseparate regressions on different
partitions of the data, possibly related acrossentban one scale. For example, multilevel
models estimate relationships at the level of imligls and places aggregated at different
levels. These models have been used in the analfysiequalities in accessibility [Kwan and
Weber 2008, Shuttleworth and Gould 2010] and trarispollution [McLeodet al. 2000,
Briggs et al. 2008]. They assume, however, that the processdgsaa are discontinuous at
the borders between areal units, a hypothesisdbliites with the fact that most spatial
processes are unbounded [Leung 1987]. An altemagito assume that model parameters
follow trends across space (spatial expansion nspd€his approach was used by Rooetla
al. (2010) and Morenc¥t al. (2011) to show that individuals in vulnerable greuelderly
and low-income groups) tend to make less tripsteancel shorter distances, but that mobility
limitations are found only in suburban areas. THgothesis also seems to apply to measures
of accessibility to specific destinations such @sdf shops [Paeet al. 2010]. Although this

75



method is less rigid than estimations on data tpams, it still presupposes a pre-determined,
explicit and regular structure for the variabildlthe processes modelled.

Geographically weighted regression (GWR) [Brunsdbml. 1996, Fotheringharet al.
2002] is a solution to model the cases where we mavclear assumptions about the scale at
which non-stationary processes operate or aboutrérels they follow over space. This
method assumes that there is a continuous surfasg@ssion parameters across the study.
A separate regression is estimated at each plaieg wll data points weighted by a
decreasing function of their distance to that pladee method is flexible in the definition of
hypothesis about the type of variability, as itieglon user-defined options regarding the
number of data points included in each regressioth the specification of the weight
function. GWR has been applied to show the nonestaty character of social differences in
commuting times [LIoyd and Shuttleworth 2005] andhe health risks of pollution exposure
[Gilbert and Chakraborty 2011]. Similar results evdound for relationships that depend on
processes similar to the location of transportastitucture, such as the location of point
sources of pollution [Mennis and Jordan 2005]. Ehstudies tend to focus on very broad
areas (such as countries or USA states). Howewelrr, ltypotheses may also apply within an
urban area. For example, Marokb al. 2009 and Tooket al. 2010 have found significant
spatial variability in levels of accessibility toegn space in an urban area, although the role

of transport in assuring accessibility was notudeld in their analyses.

Our contribution to this debate is to study thetigbaariability in transport inequalities in
the case of a metropolitan area. Urban space isusoélly perceived as isotropic and
continuous and as such, the non-stationarity itisital relationships is not necessarily
linked to geographic location. In fact, the assioies between the effects of transport and the
social structure of each neighbourhood depend ersé¢h of alternative places considered by
households when searching for residences, andeopléites considered by the policy-maker
when deciding on the location of transport infrasturé®. The assumption implicit in the
GWR method is that the degree to which a givenepiacan alternative for another place
depends on the geographic locations of both. Ifhtsi are a decreasing function of distance,
in practice, each local regression measures tlagigeships occurring in the areas around a
given place. However, households and policy-makstslly consider a broad set of places
located in different parts of the metropolitan ate# having similar characteristics, for

?2|n the case of the distribution of job accesdijilit also depends on the set of alternatives idensd by
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example in terms of centrality or available tramsmptions. The exploratory analysis in the
previous chapter suggests that, in the case ofAtle, the associations between socio-
economic variables and indicators of accessibgityl pedestrian mobility depend on the
position of each area relative to the major cefitisbon) and on the location of transport
corridors allowing commuting to that centre. Thatsgd variability of transport inequalities

may then be relative not to distances in geograppace but to differences in attributes
related to the functional role of each area, asdlae the attributes limiting the options and

shaping the perceptions of the actors behind tbegsses leading to the inequalities.

There remains the question, however, of which efrttany attributes of a place define a
type of variability in patterns of inequality thet important in terms of social justice. We
argue that associations between socio-economi@blas and accessibility or pedestrian
mobility are politically relevant when they occur subsets of the metropolitan region that
correspond to individuals’ judgements of the set@mhparable areas in the distribution of the
effects of urban transport. These areas corresgonwhat Dobson (1998, pt.3) calls
“communities of justice”, that is, the group of imduals one judge to be entitled to receive
justice as part of public policy. This concept specially relevant in the case of policies that
affect different neighbourhoods in an urban areamé& authors suggest for example that
public perceptions of equity in issues such as renmental policy are based on the
individuals’ delimitation of a community of justidbat they believe is attached to each policy
[Dietz and Atkinson 2005]. We assume that in urbantexts, this delimitation is less based

on geographic proximity than on the perceived snty between places.

In our analysis, we measure the spatial variabihtyegression parameters within the
space defined by variables that describe the meshipeof each place in a certain community
of justice. The higher the similarity between twoumeration districts in terms of these
variables, the higher they are judged to be conpband included in the same community of
justice. While in the global model and in the GWRdual, the comparison spaces for each
place are respectively the metropolitan area aadatkea around each place, in our case, we
consider different possibilities for the comparispaces in the distribution of each particular
effect of transport. We study the distribution ohe to work and pedestrians’ exposure to
noise on the way to work and when walking aroungirtheighbourhood. The alternative
comparison spaces are defined by the variablesdlist Table 3.1 The rationale for using

businesses when locating their facilities.
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these variables as a base to compare inter-neighbod differences in each effect is

discussed at the beginning of the sections presgniie model results. For ease of
interpretation, we organize the variables in foroups. Group A includes the measures of
potential job accessibility obtained in Chapteiariables in Group B are also indicators of
centrality, but are more specific than the variabteGroup A, measuring the position of each
place in relation to the main centre of the methtgo area. The variables in the other groups
are indirect measures of the need for transpothefpopulation in each plaCeincluding

employment rate and structure (Group C) and daktidations (Group D).

Table 3.1: Dissimilarity variables

Group Variable Description

o APriv Private transport job accessibility
A: Accessibility . . I
APub Public transport job accessibility

TimLis | Time to Lisbon on the private transport network
B: Centrality | DisLis | Distance to Lisbon on the private transport network
GeolLis Straight line distance to Lishon

Emp Employment rate
C: Employment . .
Emp23 | Employment in industry and servic@sof population

ComMot| Commuting by motorized transpawt of population)
Comint | Commuting to other municipalits of population)

D: Commuting| ComLis Commuting to Lisbon® of population)
CombDis Average commuting distance
ComLis* Commuting to Lisbone of employed)

Note: Times and distances are relative to the pointishdn with the highest density of jobs (Saldanr=u&s).

We should note some advantages of this formulatiben comparing with alternatives.
Spatial variability could be inferred, for exampley modelling regression parameters as
functions of dissimilarity variables, using intetiao terms or more complex formulations.
However, this method imposes a rigid structurentouariability of the relationships. Besides
being more flexible, regressions weighted in atiieb space also correct for spatial
autocorrelation. This issue tends to affect trartspquity studies, as census variables and
indicators of transport’'s effects usually assummilar values in nearby places, leading to
biased and unreliable parameter estimates [Buzaetli Jerrett 2004, Havart al. 2009,
Chakraborty 2009]. The use of GWR reduces thisceffeotheringhanet al. 2002, pt.5], but

Z\We assume that higher employment rates and higragortions of employment in industry and services
imply higher need for job accessibility. The prajpmt of commuters using motorized transport isratidator of

the need to access destinations that cannot bkedamn foot.
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in our case would introduce another distortion. &se geographically weighted regressions
are estimated in the areas around each placeattaions in our indicators of time and noise
exposure on the way to work would not take intooacd differences in the populations’ daily

destinations, as this variable is only available &vel higher than the enumeration district.
This problem is partially solved in our model, agressions include places located in
different parts of the metropolitan area, thus aatag for variations in destinations.

Model formulation

The models presented in the next three sectionkiexihe spatial distribution of three
indicators of effects of urban transport (time torkvand pedestrian exposure to noise on the
way to work and when walking around the neighboad)aas a function of the five socio-
economic factors obtained in Chapter 2. We consttiat in each year, the regression
parameters vary in the space defined by one ordivhe dissimilarity variables defined
abové*. The model is then formed by a set of local resjoes, one for each enumeration
district. In the regression for districty, is the dependent variablgy are the explanatory
variables andy, and by are respectively the intercept and the regrespamameters. These
parameters are a function §f the value(s) of the dissimilarity variable(s).eTregressions
are linear, as it was found in preliminary analybet non-linear transformations of dependent
or independent variables tend to produce pooreretsods the explanatory variables are
factor scores, which are standardised and largetpmelated, multicollinearity is also not an
issue. The specification of the error termgollows the assumptions of the standard linear
regression models: independence and identicall@ision of the residuals, which have zero

mean and constant variance.
yi = bO(Si)+Zkbk (S)xXik *é&

The estimation of the regression for each distncludes data for all districts weighted
by a decreasing function of their dissimilarity kvthe first district. In the case of a single
dissimilarity variable, the dissimilarity is simpllge difference in the values of that variable in

2 \We analyse only pairs of variables that are nghiicantly correlated, thus providing two distiivet axes
along which we can assess the character of each.pla

% The vector of parameters for the regression atictis is estimated als=[X "W(i)X]"X"W(i)Y, where W(i) is a
diagonal matrix whose elements in the main diaggna the weights assigned to each district indat& set.
See Fotheringhamt al. (2002, chap.2.7) for the derivation of this formul
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the two districts. For example, when the varialdeprivate transport accessibility, the
regression for a district includes all districtdlwihe same level of accessibility. Districts with
different accessibility levels are only partly ided, weighted by the difference in
accessibility between the two districts. Distriotgh very different accessibility levels will
have a weight close to zero and are virtually edetufrom the estimation. In the case of pairs
of dissimilarity variables, we define the dissimifa between two districts as the Euclidian
distance in the bi-dimensional space formed bysthedardized values of the two variables.
The standardized values are obtained by rankingrebgons. We assume that weights
decrease according to a Gaussian function. Thehtvafy districtj in the regression for
districti is given by the function below, whedgis the dissimilarity between the two districts.

w;=exp[-(d/b)]

This function depends on a positive paraméteralled the bandwidth. The lower the
bandwidth, the steeper is the decay of the weightls distance. This parameter can be
assigned a-priori or estimated by minimizing indic# the models’ goodness of fit. In our
case, the value of the bandwidth is the one thaimizes the Akaike Information Criteria
(AIC), an index that takes into account the estadattandard deviation of the error term and
the number of degrees of freedom in the model (wHepend on the value of the bandwidth).
Details of this procedure can be found in Hurvathal. (1998). The estimation used the
GWRS3 software developed at the University of Newleaspon Tyne, which can be easily

adapted to locations defined in non-geographicatspvhile still using the Cartesian system.

In the analysis that follows, we explore the difetr types of information provided by
these models. We analyse the explanatory powehefmtodels (that is, the sets of local
regressions) estimated using different dissimyjaviariables, and compare them with the
global model (which uses unweighted data) and with GWR model (where weights are
based on geographic distances). Each local regresgthin a model is independent of the
others (since it uses a specific set of weightg) welds separate parameter estimates and
regression diagnostics, including measures of gesslof fit. We study the trends of these
estimates according to the values of the dissiitylaariable. For selected models, we study
the statistical and spatial distribution of theirestes in more detafl. Finally, we test the

hypothesis of the spatial variability of regresspamameters, using Monte Carlo experiments.

% We analyse only the two models with the lowesteindf spatial autocorrelation in the residuals. The

distribution of parameters in other models is dbgd by a series of charts and maps in Appendix 10.
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3.2. Modelling time to work

Being calculated with observed commuting data, indrcator of average time to work
can be understood as the time required for the everkving in a neighbourhood to reach the
options chosen out of the available choice setstidations and travel modes. One can argue
that differences in time to work would be equitaiblemilar choice sets correspond to similar
times, regardless of the actual destinations eetnmodes chosen. The variables in Groups A
and B inTable 3.1would then be the base to judge the distributibtinees to work. The use
of private transport accessibility or the positionrelation with Lisbon corresponds to the
view that times should not depend on differenceslestinations, modal choices and the
relative accessibility provided by public and ptev&ransport at each neighbourhood. The use
of private and public transport accessibility adiadimensional dissimilarity variable is
analogous, but controls for differences in relaeeessibility. A different point of view is
that similar origins for the journey to work shouidve similar average times. This similarity
can be assessed by the population’s employment aradle structure (Group C). A third
possibility is to consider that similar choicesdastinations (Group D) should have similar

times, regardless of the choice of travel mode.

This section compares the relationships betweee torwork and socio-economic factor
scores using the alternative comparison space®gedpabove. The case of the percentage of
workers commuting to other municipality is also doned with accessibility and with time to
Lisbon, forming bi-dimensional comparison spacese(®ote 24). We discuss the results
obtained for the three most important socio-ecordiagtors: Age k1), Qualifications F2)
and UrbanizationK3). The results for the remaining two factors foundChapter 2 4
(Informal Settlements) anB5 (Migration)) are not shown, as their parameterslt®o be

insignificant or show a low degree of variabilitymost of the models.

The results are synthesizedTiable 3.2 For each year, each line in the table repregbats
model estimation based on one comparison spacechwisi formed by one or two
dissimilarity variables. This estimation is compbsd# a set of regressions, centred at each
enumeration district. The first two lines give tiesults of the global mod@land of the GWR
model. The goodness of fit of each model is givenhe overall coefficient of determination

(R?). This is a modified version of the usu| based on a comparison between the observed

" The results of the global model are detailed ipéymix 10.
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values of the dependent variable and the predictadnes coming from the different local
regression$® As mentioned in the last section, the local resjors in each model produce
separate parameter estimates and coefficientstefrdimation, which can be matched with
the values of the dissimilarity variable at thetritis where the regression is centred. For each
year, the second group of columns then gives tlasBe correlations of the dissimilarity
variable with the regressiof® and with the parameters of the three most importan

explanatory variables.

Table 3.2: Regressions of time to work: Goodness fif and parameter summary

1991 2001
Comparison spacg | Overall d_qur_eIa'Fions With Overall _qur_ela';ions With
) issimilarity variable ) dissimilarity variable
RO TR[F r2 r|| ¥ [R]FL F2 F3
Global 0.16 0.18
GWR 0.65 0.54
A APriv 0.38 | 0.92/ 0.09 -0.76 -0.70 0.31 | 0.89/-0.41 -0.59 -0.05
(APriv, APub) 0.45 0.36
TimLis 0.42 | -0.730.86 0.73 053 | 0.34 |-0.714 0.43 0.53 0.03
B DisLis 0.46 | -0.74 0.72 056 0.3§ | 0.38 | -0.62 0.47 0.47 0.2¢
GeolLis 0.48 | -0.61 0.80 0.63 0.28 | 0.39 | -0.64 0.54 0.61 0.09
c Emp 0.18 | 0.48|-0.47 -0.91 0.38 0.20 | 0.50( 0.77 -0.91-0.46
Emp23 0.19 | 0.66|-0.62 -0.90 0.48 0.20 | 0.38/ 0.82 -0.87-0.31
ComMot 0.33 | 0.88|-0.96 -0.98 0.83 0.22 | 0.03/ 0.85 -0.85 0.68
Comint 0.44 | 0.24/-0.29 -0.64 -0.67 0.32 | -0.29 0.56 -0.69 0.18
D ComlLis 0.46 | 0.80|-0.82 -0.95 0.30 0.33 | 0.89(-0.74 -0.93 0.49
CombDis 0.37 | -0.82-0.78 0.27 0.92 0.31 | -0.39 0.95 -0.56 0.35
ComlLis* 0.51 | 0.77/-0.50 -0.83 -0.18 0.39 | 0.83/-0.33 -0.61 0.19
(APriv, Comint) 0.63 0.44
(TimLis, Comint) 0.62 0.43

The ranking of the overal is similar in both years. All models show a begendness
of fit than the global model, which suggests tha telationships estimated by the latter
cancel out the roles that socio-economic factoay pi explaining time to work in different
subsets of the metropolitan space. The GWR hasitest coefficient of determination of
all models. This is because this model estimatgeessions based on the areas around each

district, where daily destinations do not vary doedata limitations, as explained in the

% The most accurate method to compare the goodridisob different models is the AKAIKE index, siecit
incorporates information on the number of degrdefse@dom of the model. We show tR because it has a

more intuitive interpretation and because the ragkif the models in each year is identical fortthe indices.
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previous section (p.78-79). In these areas, difiegs in time to work depend solely on
differences in modal choice, which are more diseatfluenced by socio-economic factors,
comparing with the choice of destinations. The nogeesented in the two last lines, with
comparison spaces formed by pairs of dissimilarétgiables, have higher explanatory power
than the models using the same variables in isolafThis is not accountable only by the
difference in the number of degrees of freedomthasmodels using pairs of variables also
have a better AKAIKE index (not shown). In genemagdels for comparison spaces based on
the geographic or functional relationship of théghbourhoods with Lisbon tend to have a

better fit than other models.

When looking at the trends of the lo&&lacross the values of the dissimilarity variable in
each model, we see that regressions tend to fieroas we move towards Lisbon, more
accessible locations and areas with higher prapwstof commuters to Lisbon. In most cases,
this occurs alongside an increasing negative infteeof age and qualifications. These trends
do not account, however, for the fluctuations ¢f gJarameters in different intervals of the
dissimilarity variable. In this and the next senpwe select two cases to analyse in more
detail. In this section, we focus on the comparispaces based on potential accessibility and
on proportion of people commuting to another mypatty. Figure 3.1 andFigure 3.2 plot the
regression coefficients against the values of thasables.

The regression parameter of the qualificationsofa@t2) is negative for most values of
private transport potential accessibiliigure 3.1]. In other words, when comparing with
other areas with similar potential accessibilitjie tpopulations in areas with higher
qualifications tend to have shorter times to wdrke effect is especially relevant in the third
quartile of the distribution of accessibility. Thigerval corresponds to the areas that do not
have the highest concentrations of employment baitttee most accessible to these. As we
move from these areas to the employment centressilges or to less accessibility areas, the
negative influence of qualification becomes lessrk@@ However, the increase in the
gualifications parameter as we move towards lessszible areas has became less steep from
1991 to 2001. This suggests that the advantage®d qualified populations in average time
to work have extended to less central parts of rttegropolitan area. In particular, the
relationship occurring in the most peripheral arbasveen higher qualification levels and
longer times to work in 1991 changed sign in 200he fluctuations of the age and
urbanization parameters have also reduced conbigierathe period of concern. In 2001, the

influence of these factors on time to work was tiggaand relatively stable across the
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metropolitan area.

We find a similar evolution in the case of the miedeomparing areas with similar
commuting patterns, assessed by the proportioe@blp commuting to another municipality
[Figure 3.2]. The relationships for all variables are more Istabb 2001 than in 1991 and the
negative influence of qualification has increased &lmost all levels of inter-municipal
commuting. In both years, longer times to work tetod be associated with younger
populations, lower qualification levels and lesbamized areas. The only interval where the
associations do not follow the general trends chgarameter is the second quartile of inter-
municipal commuting, where in 1991 the age parameepositive and the negative
association of time to work with qualificationsasnsiderably lower than in other areas. This
exception does not occur in 2001. There was alshange in the variation of the age
parameter in the set of areas with higher interioipal commuting (two last quartiles), with

the parameter increasing with commuting in 2001.

A word should be said regarding the magnitude ef parameters. As the explanatory
variables are standardized factor scores, the valu€.5 obtained for the qualifications
parameter in the areas with highest percentag@sefmunicipality commutingFigure 3.2]
means that the expected average time to work isese2.5 minutes for every standard
deviation from the average qualification levelstlie metropolitan area. Given that times to
work refer to one-way trips and that there is aarage of 90 workers per district in those
areas, workers in a district with qualificationseodeviation below average spend an
aggregate daily excess of 15 hours travelling, @img with workers in a district with

qualifications one deviation above average andlarmates of inter-municipal commuting.
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Figure 3.1: Regressions of time to work inAPriv) space
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Figure 3.2: Regressions of time to work inGoml nt) space
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Another way to assess the role of accessibility gmer-municipal commuting in the
variability of relationships between time to workdasocio-economic factors is to map the
spatial distribution of the parameters of the laegressions in the model estimated in the bi-
dimensional comparison space formed by those twialMas.Map 3.1 shows the distribution
of theF2 parameter for this model. The highest negativaesfor this parameter occur in the
first suburban ring around Lisbon, which correspadighly to the third quartile of
accessibility and to the last quartile of inter-noypal commuting inFigure 3.1 andFigure 3.2

respectively. However, the negative influence dldication levels has extended towards the
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areas around that ring from 1991 to 2001. In aojtthere was a decrease of the parameter in
some of the most peripheral regions in the metitgohrea, including the Northwest (Mafra)
municipality and the outer municipalities in theuBo Bank. There are areas in the lowest
quartile of accessibility but where commuting teshon has increased considerably in the
period concerned. The two most important geografdacof transport disadvantage in 2001
are therefore the areas surrounding Lisbon and sdrife peripheral are&s The differences

in the policy implications of these two cases asewksed later in this chapter.

The statistical distribution of the parameter eates of this model is presentedrigure
3.3, which shows box plots of the four quartiles of #stimates’ distribution. The results for
F4 andF5 are also included for reference purposes. All patars have lower variability in
2001, especially the qualifications2) and the urbanizatiorF8) parameters. Only a small
minority of districts show positive values for thR andF3 estimates in 2001. We can also
see the decreased variability of coefficients wb@mparing in each year the standard error of
the coefficients estimated in all local regressiqas;) with the standard error of the
coefficients in the global regression mode). Although the theoretical statistical
distribution of g is an unknown, the hypothesis of non-stationasftyhe local coefficients
can be formally tested using simulation technicglesh as the Monte Carlo test. In the case of
locally weighted regressions, a possible test otopare the position of the obsengdin a
rank list of values obtained re-estimating the madé a large number of different random
rearrangements of data in space [Brunseloal. 1996]. Thep values listed in the table are the
resulting probabilities of obtaining the obsenggdgiven the null hypothesis that the process
is stationary. In this case, these probabilitiesdtéo zero, suggesting that the parameter

variability obtained by the model is the resulbafion-stationary process.

% The interpretation of this map should take intosideration that areas with similar estimates ravbecause
they are similar in terms of accessibility or inteunicipal commuting and as such have similar corapa
spaces. However, models estimated in locations aiffarent comparison spaces may yield the sanieat.
The reader is directed to the indicator maps inefulix 9 to identify the areas that were directlynpared.
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Map 3.1: Regressions of time to work inAPriv, Comint) space: F2 parameter
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Figure 3.3: Box plots of regressions of time to wérin (APriv, Comlint) space
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p 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00

In general, the three main socio-economic factdrswsthe expected signs for all
comparison spaces and in almost all the local nsodstimated in each space, with higher
times to work being associated with younger, lassified populations and less urbanized
areas. These results confirm the exploratory arsabfshe previous chapter, but include level
of information that was previously absent, whichhe geographic delimitation of the areas
where the effect of qualification is more discetaim both years. The most important point

to retain is the fact that the patterns of disathwg for less qualified populations have shown
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a tendency to extend to further areas, where tharddge of the older populations has also
decreased. This may be related to the construofiorew transport infrastructure and to the
urbanization of some semi-rural areas, which albbvier a widening of the commuting
possibilities in these areas. The higher proportddncommuters to other municipalities
amplifies the differences in time to work that atee to different levels of car usage,
comparing with the original case when most workieevel to nearby destinations. The
changes in the regression parameters in these aidashen reflect changes in daily
destinations and the fact that less-qualified alttropopulations have lower rates of car

usage.
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3.3. Modelling pedestrian exposure to noise on thveay to work

Exposure to noise is one of the costs of the joutnewvork, together with other factors
such as time, monetary expenditures and accidekt We can then apply to the spatial
differences in noise exposures the same compasigaces that we used for the case of time
to work. Similar choice sets (as measured by piateatcessibility or position in relation with
Lisbon), similar origins (in terms of employment) imilar choices (of destinations) should
then be associated with similar noise exposureseder, to the list of dissimilarity variables
in Table 3.1, we also add in this case the values of time tckwWbim). This corresponds to the
view that the environmental cost of the journeywork is comparable only across areas
sharing similar time costs, or more generally, tha judgement of the equity in the
distribution of environmental costs is conditionalthe distribution of times to work.

Table 3.3 shows the results of the models relating noiseéhenway to work to socio-
economic factors. The ranking of the models acogrdio the overall coefficient of
determination is similar to the ranking of modeds fime to work studied in the last section.
All locally weighted models have a better fit thdoe global model. The GWR and the bi-
dimensional comparison spaces have the highediaest of determination, while the model
where time to work itself defines the comparisoacgpfor noise exposures is one of the
models with less explanatory power. Unlike the mes section, models based on the
variables in Group A (potential accessibility) tetadbe have higher goodness of fit than

variables in Group B (position relative to Lisbon).

The distribution of the goodness of fit of the Ibiegressions in each model also follows
similar trends to the ones found in the last sectiith the correlations between the local R
and the dissimilarity variables having the samea sig in the case of time to work. However,
these correlations are generally lower in 1991 aigher in 2001, comparing with the
previous case. In both years, the local regregsamameters show a clearer relationship with
the values of the dissimilarity variables. In fact,some cases, the values of the parameter
estimates follow an almost linear trend, with clatiens close to one in absolute value. In
almost all models, the values of the three parammetecrease as we move towards areas that
are more accessible, closer to Lisbon and wheremading is more relevant. The trends of

the age parameter, however, become less noticeabo1.
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Table 3.3: Regressions of noise on the way to wor&oodness of fit and parameter summary

1991 2001
Comparison spacg | Overall d_qur(_aIat_ions V\.'ith Overall _qur(_alat_ions V\.'ith
) issimilarity variable ) dissimilarity variable
R R | FL F2 F3 R R | F1L F2 F3
Global 0.09 0.20
GWR 0.53 0.55
A APriv 0.37 | 0.84/-0.72 -0.90 -0.94 0.49 | 0.93(-0.40 -0.90 -0.84
(APriv, APub) 0.42 0.52
TimLis 0.40 | -0.65 0.80 0.94 0.78 | 0.48 | -0.93 0.48 0.94 0.7¢
B DisLis 0.36 | -0.66 0.54 0.93 0.7 | 0.47 | -0.90 0.37 0.93 0.78
GeolLis 0.35 | -0.55 0.72 091 0.74| 0.44 | -0.7§ 0.56 0.93 0.74
c Emp 0.10 | 0.41/-0.66 -0.81 -0.62 0.23 | 0.10( 0.81 -0.92-0.72
Emp23 0.15 | 0.11/-0.81 -0.88 -0.45 0.23 | 0.37/ 0.37 -0.95-0.63
ComMot 0.19 | 0.78/-0.78 -0.92 -0.47 0.23 | 0.20| 0.05 -0.95-0.76
Comint 0.15 | 0.804 0.59 -0.95-0.94 0.31 | 0.38/ 0.16 -0.94-0.92
D ComlLis 0.36 | 0.87[-0.94 -0.94 -0.95 0.45 | 0.98| 0.27 -0.88-0.87
CombDis 0.16 | 0.90|-0.71 -0.20 0.66 0.35 | -0.15-0.07 0.24 -0.77
ComlLis* 0.41 | 0.74/-0.54 -0.82 -0.91 0.50 | 0.93/-0.24 -0.81 -0.79
(APriv, Comint) 0.45 0.53
(TimLis, Comint) 0.46 0.51
Tim 0.19 | -0.76-0.85 -0.44 -0.37 0.28 | -0.94-0.98 -0.65 -0.06

Figure 3.4 presents the distribution of the parameter estisnéde different times to
Lisbon. The quasi-linear overall trend pointed abd&ecomes unstable only in the areas at
longest times from Lisbon. There was also a shift tbe curve of the qualifications
parameters towards lower values and a flatteninthefage and urbanization curves from
1991 to 2001. The qualifications parameter is abvaggative, while the age and urbanization
parameters are negative only in the first quamiedistribution of time to Lisbon. This
interval corresponds roughly to the city of Lishtself. This exception to the general pattern
suggests the specificity of social differencesasigence location and commuting in Lisbon.
Unlike other municipalities, elderly populationsdamdividuals living in areas with lower
levels of urbanization tend to have higher averageosures to noise on the way to work.
However, these associations are less marked in @881in the case of the age parameter,
have changed sign in the areas at the shortesindest (that is, the areas around the major

centre in Lisbon).

Figure 3.5shows the patterns obtained when the dissimilaatjable is the proportion of
inter-municipality commuting. We should note thistvariable is not correlated with times
to Lisbon, as areas with low inter-municipality amwrting include both Lisbon and peripheral
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regions. There are also significant inter-municipanmuting flows with destinations other
than Lisbon, such as flows from less to more urmamicipalities in the South Bank. The
figure shows that the qualifications parameteiwsags negative and follows a decreasing and
quasi-linear trend with inter-municipal commutinbhe age parameter is always positive,
unlike the model using time to Lisbon as dissinijavariable, where it was negative in some
intervals of this variable. There was also a desgaa the variability of this parameter from
1991 to 2001. The urbanization parameter is onlyatiee in a small interval of values in
both years, but unlike the case in the previousrégthis interval does not correspond to

Lisbon, but to the areas with highest inter-muratigmmmuting.

Figure 3.4: Regressions of noise on the way to woitk (TimLis) space
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Map 3.2 shows the spatial distribution of the qualificasgparameter for the model using
the bi-dimensional comparison space formed by tin@sLisbon and inter-municipal
commuting. The most striking difference in relatiwith the case of the previous section is
that inequalities are as visible in the suburbaasiraround Lisbon as in the city of Lisbon
itself. As in the case of times to work, there waso a geographical extension of the
influence of the qualifications in noise exposutdewever, the increase in the influence of
qualifications in the outer areas in the Northwesstl in the east municipalities in the South
Bank is not as marked as in the previous case.eTaes the regions with the lowest noise
exposures in the metropolitan area (See p.269).eSanthe most isolated districts in these
regions have a positive regression parameter ih gears, although the number of these

districts has decreased considerably from 199D@4 2

The statistical distribution of the parameters ofgd for this mode[Figure 3.6] reveals
that all parameters are less variable in 2001,0afh in the case of the qualifications
parameter, they still have a high level of varidgpilHowever, the range of positive values for
this parameter has reduced considerable. It is @kble that the age parameter is only
negative in a minority of districts in 2001. Althgitu the parameter for urbanization levels
were seen irFigure 3.5to be positive for most values of inter-municipalcommuting, the
box plot of the parameter estimates suggests thalistribution is centred on zero, when
inter-municipality commuting is combined with timés Lisbon. Except for the case B#t
andF5 parameters, all parameters are significantly rtatiemary, as shown by tigvalues

of the Monte Carlo simulation test.

Map 3.2: Regressions of noise on the way to work {fTimLis, Comlnt) space: F2 parameter

1991 b v 2001
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Figure 3.6: Box plots of regressions of noise onahway to work in (TimLis, ComInt) space

1991 2001

-

_____ r % + ; |
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Soc 0.74 0.91 1.56 0.40 0.28 0.45 0.82 1.26 0.33 0.25

Sglo 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02
p 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00

The results of this section show that differencegjualification levels tend to explain
differences in noise exposures to a greater defgeeeage or urbanization. In general, higher
qualifications are associated with lower exposuespecially in areas closer to Lisbon and
with higher needs for commuting. The disadvantageldw qualified populations is more
regular in space in 2001, extending to neighboulkdbat are more distant to Lisbon. Older
populations and populations in more urbanized aabsstend to be at disadvantage, with the
extent of this disadvantage also showing a tendemstabilize across space. As in the case of
time to work, these changes may be related to ffecte of the investment in road
infrastructure and urbanization in regions reldyiveistant to Lisbon. This has lead to an
approximation between the commuting potential afsthregions and of the inner suburbs.
The social differences in daily destinations anavét modes of the populations in the
different neighbourhood in the outer suburbs may tteplicate the differences existing in the
inner suburbs. As we are assuming that exposupeEndeon noise levels at daily destinations
and on the travel mode used to reach them, theuali¢i@s in noise exposures in the two

regions will then tend to converge.
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3.4. Modelling pedestrian exposure to noise arounthe neighbourhood

The definition and interpretation of comparisoncgsafor the assessment of differences
in exposure levels of pedestrians walking aroural rieighbourhood is different from the
cases of times and noise exposures on the way ik Whis is because the indicator of noise
exposure around the neighbourhood does not depencommuting choices, namely the
choices regarding daily destinations and travel esod’he employment structure and the
variables in Group D ofable 3.1 are therefore not relevant in the definition ofngarison

spaces.

One possible view is to consider that there is &ansal right to local environmental
guality. The comparison space for judging the gqaitthe distribution of noise exposures
would then be the whole metropolitan area. A maegmatic view is to allow for trade-offs
between the right for environmental quality and effeciency and equity in the distribution of
other goods and “bads” associated with urban t@ms@®ne can argue that noise levels
should be equalized across the set of areas thaw dbr the same overall levels of
accessibility for the populations in the metrogolitarea and in the rest of the country. For
example, areas with the same level of potentia¢sgibility, at the same time or distance to
Lisbon or with lower times to work, have in theay equal probability of being crossed by
transport infrastructure providing access to thenngantres of employment. This is therefore
the rationale used when we consider the variablegaups A and B ofable 3.1and time to
work as dissimilarity variables judging inequaktien the distribution of noise exposures of
pedestrians walking around their neighbourhoods. dhployment rate (Group C) is relevant
because it measures differences in the need fokinvgalof the population in each
neighbourhood. The higher the proportion of indidts not employed, the higher the
probability that they walk to places around tha&nte during the day.

Table 3.4 gives the results of the models of noise exposareand the neighbourhood,
using alternative comparison spaces. As in theipusvsections, all the models weighted in
attribute space have better goodness of fit thangtbbal model, but lower than the model
weighted in geographic space (GWR). It should kiced that unlike the previous cases, the
performance of the GWR is not due to distortionasea by data limitations, as all the
variables used to build the indicator of pedestriexposures to noise around the
neighbourhood vary at the enumeration districtlleVee models using the employment rate
and times to work as dissimilarity variables hake least explanatory power of all models
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apart from the global model.

The trends in the local coefficients of determioatiand parameter estimates are less
obvious than in the previous sections. The regoessiit better as we move towards more
accessible areas and areas with lower times to.vioitke first case, this occurs alongside an
increasing negative influence of the age and udadiion parameters. In the second case, the
improvement of the model fit occurs alongside arreasing influence of the qualifications
parameter. The trends in the model parametersdomarison spaces based on times and
distances to Lisbon have the same nature (buteaserioticeable) as the trends in the model
that uses accessibility, with the age and urbaiozgbarameters being lower in the places

closer to Lisbon

Table 3.4: Regressions of noise around the neighbtwwod: Goodness of fit and parameter summary

1991 2001
Comparison spacg | Overall d.qur.eIa'gions With Overall .qur.ela'gions With
) issimilarity variable ) dissimilarity variable

R TRTFL Fr2 r3|| R [R]FL Fr2 F3

Global 0.05 0.08

GWR 0.51 0.54
A APriv 0.26 | 0.52/-0.75 -0.14 -0.92 0.41 | 0.48/-0.80 -0.23 -0.74
TimLis 0.29 |-0.240.75 024 0.74| 0.36 |-0.40 0.75 0.45 0.69
B DisLis 0.25 | -0.18 0.44 -0.30 0.61 0.33 | 0.02] 0.61 0.43 0.60
Geolis 0.24 | -0.09 0.62 -0.30 0.72 0.27 | 0.14/ 0.70 0.37 0.65
c Emp 0.06 | 0.21/-0.59 -0.55 0.67 0.09 | 0.27/-0.55 -0.27 0.16
Tim 0.09 | -0.89-0.10 -0.86 -0.07 0.13 | -0.51-0.92 -0.93 0.22

The irregularity in the spatial patterns followeglthe regression parameters is especially
visible in the case of the comparison space definetihe road distance to Lisb{Figure 3.7].
In fact, noise exposures are negatively associaitdage both in the closest and in the most
distant areas to Lisbon. The association in thdonsgclose to Lisbon has extended
geographically from 1991 to 2001, but has reducausiclerably in the areas where it was
already present in 1991. In these areas, the waidon parameter has also become positive.
The location of the associations with the age patantan be seen imap 3.3. The borders of
the areas with the highest negative values in @®desponded almost exactly to the Lisbon
municipal borders. The associations decreased anrdékidential areas around the centre,
which in 2001 have similar estimates as the sulbbudoraas around, where the parameter

changed from positive to negative.

There are also important changes in the spatiénpet of distribution of noise exposures
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according to qualification level§Figure 3.7, Map 3.4] The range of the F2 parameter in 1991
is small and there are no intervals in the dissinty variable where disadvantage is
especially evident, either for the more or lesslifjed populations. This is not the case in
2001, where the second quartile of distributiomaafd distances to Lisbon defines a negative
peak for the parameter estimates. The map showisthis interval corresponds to the
hinterlands of the suburban municipalities surrongd.isbon, both in the North and the
South Banks. These are the areas where the motoretesprk has expanded the most during

the period concerned (Ssrp 1.2in Chapter 1).

The box plots of the statistical distribution okthve parameterfFigure 3.8] show that
although the mean value of the qualifications patamis close to zero in both years, from
1991 and 2001 its distribution became more dispeasel skewed, while the distribution of
the age parameter became less dispersed and nmewedkThe urbanization parameter is
positive in almost all cas&s The Monte Carlo simulation results prove the iggnce of the
non-stationarity hypothesis for the three maindest

Figure 3.7: Regressions of noise around the neightndnood in (DisLis) space
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Map 3.3: Regressions of noise around the neighboushd in (DisLis) space: F1 parameter
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Figure 3.8: Box plots of regressions of noise arodrthe neighbourhood in DisLis) space
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It is interesting to compare the results above witb ones obtained with the GWR
estimation, where regressions in each district temther districts based on geographic
distance.Map 3.5 shows the distribution of the age parameter fag thodel. As in the
previous case, the highest parameter estimate39i dre located in the Lisbon municipality.
However, in the present case there is also a olgaosition between the negative estimates
found in the Northeast corridor and the positivenestes found in the Northwest and West
corridors. This means that although the regressiorice GWR estimation are, in practice,
based on areas around each district, the estinenesto follow patterns that correspond to
the main corridors of access to Lisbon. Similartggas occur in 2001, although the
differences between corridors become less markedhe estimates decreased in absolute
values in most districts in the metropolitan ar€he relationships in Lisbon also became
more localised around the east part of the cityesalt that is different from the previous
model, where relationships in 2001 were strongeéhéncentral partMap 3.4]. In addition, the
changes in the signs of the parameters in someng@iVest corridor and South bank) are the

opposite from the changes shown in the previousaiod

The comparison betweemp 3.6 andMap 3.4 shows that there are also differences in the
gualification parameter estimates in the two madel4991, the GWR model follows similar
patterns as the model using distances to Lisbotheuabsolute value of the parameters tends
to be higher. In addition, the changes from 1992Q01 are limited to a small number of
areas, unlike the previous case, where there vgasietural change in the spatial distribution
of the estimates in the suburban areas. Only twmz@re “inequality hotspots” using both
comparison spaces, in the West corridor and intwleemunicipalities in the South Bank. In
other words, in these areas, lower qualificatiores associated with higher noise exposures,
either when comparing each district with other riitgs at the same distance to Lisbon or

when comparing with the surrounding districts.
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Map 3.5: GWR of noise around the neighbourhood: Fparameter
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In conclusion, the spatial variability of the dibtition of exposure to noise for
pedestrians walking around the neighbourhood dasfallow the same patterns as the
distribution of time and noise exposures on the teayork. This is mainly because the first
indicator does not take into account social diffiees in daily destinations and travel modes.
Nevertheless, like the other indicators, the distion of exposures in the city of Lisbon
represents a singular case, with different pattBora the rest of the metropolitan area. Older
populations are associated with lower exposurdsinvitisbon, although this relationships has
became weaker from 1991 to 2001. Throughout theapelitan area, but especially in the
suburban areas, the disadvantage of less quapfipdlations has increased. The extent of
this disadvantage depends, however, on the sulbisereas we compare directly. We

described the differences between the comparisacespased on the areas around each
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district, using GWR, and the comparison space basedad distance to Lisbon. The maps in
Appendix 10 show that the GWR differs from all atineodels. The singularity of the GWR

in the models of noise around the neighbourhoad c®ntrast with the cases of time to work
and noise exposures on the way to work, where ifferehces between the GWR and the

other models are smaller.
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3.5. Theories of local justice and the policy imptations of inequality

The models in this chapter assessed the spatiabidy of relationships between the
characteristics of the population living in eachga and the degree to which transport affects
their mobility. This section discusses some of plodicy implications of the inequalities
implicit in the relationships found. In a first sgbction, we focus on different perspectives
regarding the assignment of priorities to inequeditfound in different parts of the
metropolitan area, and describe some of the diifare between the types of policies required
to address those inequalities. In a second sulBeeave discuss the implications of the
differences between the spatial scales at whichualiies occur and the scale of application

of available policy instruments.
Location

The first question raised by the existence of d#ffiee types of inequalities in different
areas is which of these inequalities deserves yalitention. For example, in 2001 we may
attach a different level of priority to the disadtages in time to work for less qualified
populations in the suburban areas around Lisbont@itite disadvantages for the same group
in the peripheral areas Northwest municipalityp 3.1]. Within the suburban areas, we may
also attach different priorities to the disadvaetamn time to work and to the disadvantages in
pedestrian exposure to noise around the neighbodiMap 3.4].

One possible way to rank the priority of the dimitive outcomes in each part of the
metropolitan area is to consider that the variabletning the similarity between different
places also define the relevance of the inequalitteind. For example, the relevance of
commuting for the population in one neighbourhoadséssed by one of the variables in
Group D of Table 3.) measures the need for transport and for job adubty of that
population. In the empirical models in this chaptee compared neighbourhoods with similar
levels of need. We can also consider that inegesliire more relevant when they occur
within the sets of neighbourhood with higher levalsieed. The focus of policy intervention
would then be the fulfilment of needs of the peaildisadvantage in those areas. This means
that, in the case of the patternavap 3.1, given the lower need for transport in the periphe
areas, the satisfaction of unfulfilled needs irstregion would be attached a lower level

priority than in the case of suburban areas.
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The assessment of the distributive patterns usawgral comparison spaces may also
provide a guideline on the necessity of policy iméation. We can attach a higher level of
priority to inequalities that appear regardlesstitg comparison space used. This is for
example the case of the inequalities in the avetiageto work of populations with different
qualifications in suburban regions. The patterndneuality in the distribution of noise
exposures around the neighbourhood in these regansre sensitive to the definition of the

comparison spaces and would then be attached a leves of priority.

The level of priority of the inequalities arising one region may also depend on whether
there are cumulative disadvantages for one groupearistribution of the different effects of
transport. For example, if we overlay the chartsnaps obtained for the same comparison
spaces in the regressions of the three dependeiatoles analysed in this chapter (See
Appendix 10), we can see that in the suburban act@ser to Lisbon, less qualified
populations are at disadvantage in the distributiball three effects in both years. On the
other hand, in distant suburbs, the disadvantagiaxfe populations in terms of time and
noise on the way to work is compensated in 199lbwer exposures to noise when walking
around the neighbourhood. However, in 2001, thesasawere also at disadvantage in terms
of this item. If we consider that the main equitgncern of public policy is the existence of
cumulative disadvantages, these changes mearhthaotial inequalities in the outer suburbs

have in 2001 the same level of priority as the uaditjes in areas closer to Lisbon.

Regardless of their relative priority, the methdolsdealing with inequalities arising in
different parts of the metropolitan area are nemdgsdifferent, as the nature of the
unfulfilled mobility needs depends on the geograpiuntext in which those needs arise. In
suburban areas, the improvement of times to warkhe populations at disadvantage would
involve the provision of public transport or podési tackling congestion, while the
improvement of environmental quality of walkingaiwould involve car traffic restriction in
the busiest areas, such as city centres. In sealiHegions, the inequalities are more purely
geographical, as the populations at disadvantag¢harones who live in villages away from
the local centres of employment (the municipaliépitals) and from the places giving direct
access to the main metropolitan centres. Givenliggersion of the population in these areas
and the lack of economic viability for the extemsiof the bus routes in this area, the
improvement of accessibility in these areas woualbive either the construction of further
road infrastructure or the provision of subsidieshbuseholds with special accessibility

needs. The improvement of pedestrian mobility Esthareas is also different from the case
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of suburban areas, as the main points of concermatr the environment conditions in the
central areas of towns but the conditions alongept@n routes that share the same space as

national roads with heavy traffic.

Scale

The social, economic and political processes tead [to social inequalities in the
distribution of the benefits and costs of urbamgport operate at a given spatial scale, that is,
affect only a number of places. The exact delinutabf the set of these places is unknown,
as the processes change over time and affect dacé @ a different degree. In practice,
when discussing spatial inequalities, differentoectwill refer to different scales to
approximate the “real” scale at which the relevambcesses operate. Kurtz (2003)
distinguishes for example between the analyticaljulation, and contestation scales,
associated respectively to the role of the researgolicy-maker and groups of activists. We
are concerned with the degree of overlap betweesdhles implicit in the models analysed in
this chapter and the limits of the administrativeas at different levels. The models estimate
relationships in the sets of places that are judgdoe comparable in the distribution of the
benefit and cost from urban transport, that is,ateas belonging to the same “community of
justice”. The focus of analysis was therefore tleénditation of the “recipients of justice”,
which may not correspond to the delimitation of tliespensers of justice”, that is, the
political structures that decide on the locatiortirahsport infrastructure and the regulation of

traffic.

The scales of analysis in our models are implinitthe specification of the local
regressions. In fact, the estimation of statistretdtionships between the variables of concern
uses a specific sub-set of data in each local ssgne and every observation is assigned a
probability of membership in this sub-set, whicldéfined by the particular weight structure
adopted. The estimation of the model with endogsramiermination of weights assumes the
existence of an “optimal” partition of the dataaritizzy subsets that apply to each regression.
The weights that define this partition in our madate the ones that minimize a measure of
the models’ goodness of fit (the AKAIKE index). Thize of the subsets of data included in
each regression can then be interpreted as anatodiof the scale of adjustment between
spatial differences in the dependent variablesiarttie socio-economic factors. This is the
scale of operation of the processes that influgheesorting of the different social groups

according to the characteristics of the placesthadrocesses that influence the adoption of
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transport policies by the policy-maker accordingtiie characteristics of the populations
affected. The consideration of alternative valuwdlie weighting structure would correspond
to different scales of analysis and different agstions to the scale of operation of those

processes.

Within the weighting structure adopted, the scédleralysis is determined by the value of
a single parameter — the bandwidth. The modelsiroé tto work in 2001 where the
comparison spaces are private transport accesgibitid the proportion of inter-municipal
commuting have bandwidths of 13500 and 0.02 resdgt This implies that the districts
with an accessibility index 33000 superior or ilderand the districts with percentages of
inter-municipal commuting 5% superior or inferiar & given district will only have a 1%
degree of inclusion in the regression centred ai dstrict. In practice, in the model where
weights are based on differences between distiittserms of the two variables, the
regressions estimated in the majority of the placesiburban areas around Lisbon will share
approximately the same data. However, in most ef pleripheral areas, the regressions
centred at each district tend to be restricted eghbouring areas, as accessibility and
commuting variables in these regions are more bkrighan in suburban areas. The
consideration of comparison spaces based on strddutes implies therefore different

scales of analysis when translated in geograplaicesp

With the exception of the patterns occurring witkiie borders of Lisbon municipality,
the spatial distribution of the regression paramset#tained with the different comparison
spaces suggests that the scale of the relevaregses does not correspond to the scale of the
jurisdictions that hold effective power and respbiisy over transport issues in the AML
(the central and the municipal governments). Thstiexy structures at an intermediate level,
including the recently created Lisbon Metropoliteransport Authority have limited scope
for intervention, due to the lack of financing grmulver and to problems in the coordination of
the interests of each municipafity The results of this chapter suggest that theibligton of
the benefits and costs of transport follows pastetmat spread over the set of suburban
municipalities around Lisbon. The need to corrbose inequalities is an argument in favour

for the increase of the power and means availablsupra-municipal institutions, as the

3L Silva (2002) describes the limitations of the timstitutions at regional level (the Commission Regional
Development and Land Use Planning of the Lisbon &ej Valley (CCR-LVT) and the Association of the
Municipalities in the AML. See also "Autoridade Mapolitana de Transportes de Lishoa sem “poder e

dinheiro” (Metropolitan Transport Authority withopbwer or money)Q Primeiro de Janeirp20-08-2010.

104



emergence of these inequalities also depends ordythamics of residence location and
commuting patterns that operate at a supra-munisgade. At the same time, the formulation
of transport and urban policies needed to addressetinequalities requires the definition of
plans and strategies at a scale lower than thenatievel. The same arguments can be used
to support social and political claims for procegdiwith abandoned plans for a territorial
reorganization of the Portuguese administrativéesys

There remains the question of whether the instrisnéa address transport-based
inequalities are available at each scale. The praviof better public transport may decrease
the disadvantage in time to work of the populationth lower qualifications living in the
suburban areas, especially in the second commutnggfrom Lisbon, where the existing
transport infrastructure is insufficient to satisfie growing need for commuting to the central
part of the AML. However, policy intervention onettpublic transport system is usually
limited to the definition of broad strategies implented by the state-owned companies
managing the public transport infrastructure andthe financing of private companies
providing bus services. The effectiveness of tretsegies for dealing with the inequalities
shown in this chapter is restricted by the fact thase inequalities extend over the different
transport corridors, while the extent of operatainmost bus companies consists of only a
pair of municipalities in each corridor. As withetimstitutions defining transport policy, there
is also a trend in the AML for the integration dfasegies and resources of the different bus
companies, such as the recent creation of the iatisoc of public transport operators
(OTLIS). However, private operators cannot attaeb $ame priority to equity issues as
policy-makers. The recently announced privatizatball suburban train lines in Lisbon will
also contribute to the loss of influence of goveenininstitutions in defining equity goals at

the intended scale.

Traffic restriction policies can also promote eguiby improving the environmental
guality of some neighbourhoods. These measureasa@ly applied at the municipal scale,
as they require a level of detail that is only catitde with urban plans and enforcement
structures specific to each municipality. If thdigies applied in a given municipality follow
criteria of equality based only on the comparisdntlte neighbourhoods within that
municipality, then the definition of the areas pfphcation of the policy will depend on the
location of the groups considered to be at disadwpm However, the effect on the
distribution of noise exposures based on largerpasison spaces is indeterminate, given that

the reorganization of traffic will affect the noisevels in places outside that municipality.
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There are also effects on the times to work andenekposures on way to work of workers
living in other municipalities and commuting to tlaeeas in which traffic restriction is

applied. We study these aspects in more detaihapr 5.

The effects of transport policies on the redistiifu of welfare among the different social
groups depend therefore on the scale of applicatiahose policies. Given the limitations on
the instruments available at each administratiaesthe achievement of equity may require
the application of a combination of policies. This/olves the formulation of ‘policy
packages’, where different instruments addresddda#ages of different groups of concern
at different scales. This is a complex endeavosrthe interrelationships between these
effects depend on the institutional context, tiheetiscale of each measure and the dynamic
effects over both the equity and sustainabilitytioé transport system (See for example
Feitelsoret al.2001).
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Conclusions and further considerations

There is usually a high degree of spatial varigbih the patterns of transport inequality,
as the statistical relationships between socio-@ton variables and indicators of the local
benefits and costs of transport are not uniformughout space, varying with the context of
each region. In this chapter, we tested the etieasing alternative definitions of the sub-set
of places within the metropolitan area that areluded in the estimation of those
relationships. We found that inequalities in thetrbbution of times to work and exposures to
noise of pedestrians on the way to work do nobfelthe same spatial patterns as inequalities
in the distribution of exposures to noise of pedass walking around the neighbourhood.
The differences regard both the locations and tades at which inequalities are more
evident. The effects of the expansion of the moaywetwork on the distribution of the
indicators are also different. In the case of timevork, there was a tendency from 1991 to
2001 for the geographic extension of the regiongreHess-qualified populations are at
disadvantage, from inner to outer suburbs. The masteable trend in the case of exposures
to noise around the neighbourhood was the inteasifin or reversal of the type of
disadvantage in the inner suburbs. There was alsedaction of the advantage of older

populations in terms of both indicators of pedestexposure to noise in central areas.

These results prove that the hypothesis of spasighbility in the distribution of the
effects of transport, which until now was testedsthyoover broad regions, also applies in the
case of metropolitan areas. The measurement of vhigbility depends however, on
assumptions regarding the processes that leactadjfustments between the different social
groups and the conditions of each neighbourhood a@ksumption that these processes
operate within sets of areas with similar valuasafg@iven attribute leads to the identification
of inequalities in certain locations and at certagales that may be different from the
inequalities obtained using another attribute. Mgeeaerally, the analysis in this chapter has
added to the idea that there are multiple perspgestio the assessment of social inequalities
in the distribution of local benefits and costsoassted with changes in the transport system

and that these perspectives are often implicihénstatistical methods used.

These conclusions must take into consideratiomiassef caveats of the models used. We
assumed that spatial non-stationarity is a featfrehe dataset. However, some of the
variation captured by the parameter estimates neayalfrom the insufficiency of the set of
independent variables in explaining differenceshim dependent variables. This may be due
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to omitted variables, model misspecification or swament errors in dependent and
independent variables (as they are both combirebbmther data). The use of more detailed
socio-economic data or the inclusion of furtheriafales (such as income levels, socio-
professional status and population density) coigchids the hypothesis of non-stationarity of
some of the parameters. There are therefore limnmston the extrapolation of the results
found, as procedures for the statistical inferesfamodels using weighted regressions are still
developing. The test of spatial non-stationarityjwgdvonte Carlo randomization distributions
is an imperfect solution, as these distributiorisrrepecifically to the data sets tested in each
model [Leunget al. 2000]. Although in our particular case the moded¢siduals do not show
any relevant spatial pattern, in general it isiclfit to disentangle the effects of spatial non-
stationarity, spatial autocorrelation and the eriamplicit in the definition of dependent and
independent variables. In this regard, the useltefrative definitions for the axis along
which spatial variability is measured provides alvamtage over the measurement of
variability only on geographic space, as theressnaller probability that the variability arose

from chance or from insufficiencies of the modehlhthe different alternatives.

The model can also be improved by adopting locebwaés of procedures that we treated
as global. We assumed that the rate of decay oivéighting function is constant across the
study area, although this function can vary spgtidér example, by adopting a weighting
system that assigns a gentler bandwidth in regmsre data is sparser. We also assumed
that the variance of the error term is constarspace. It is possible to address both problems
by using other formulations, such as the errorarax heterogeneity model developed by
Paezet al. (2002). We can also use local procedures in tfiaitlen and measurement of the
explanatory variables, as the results of the faton of census variables into principal

components can vary in space and as such, carnitveies! locally [Lloyd 2010].

Finally, we should bear in mind that the regressioneach model represent equilibrium
relationships between the location of social groapsl indicators of mobility at given
moments in time, but do not explain the specifiocesses leading to these relationships. The
analysis in this chapter provides a guideline Fa dlefinition and the interpretation of these
relationships, but does not imply that they aredpob of an adjustment process of individuals
to conditions existing in the different neighbouslds. The relationships between changes in
the transport system, the neighbourhoods’ soaiatttre and patterns of urban land use are

important components in the study of that hypothasd will be analysed in the next chapter.
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Chapter 4

Transport and neighbourhood change

Measures to address social inequalities have otdynaorary effect, if the forces leading
to those inequalities continue to operate. In ganet is difficult to identify the causal
mechanisms leading to inequalities that are reladesbcial differences in residence location,
due to the lack of detailed data on the differariables of concern over a suitable length of
time. In the case of the distribution of locallywanted land uses, such as polluting
infrastructure, the problem can be framed in teahwhat came first to the affected areas,
whether the infrastructure or the low-income popafte or racial minorities [Been 1994, Liu
1997, Talih and Fricker 2002]. The case of urbandport is more difficult to assess, as the
distribution of its local costs depends not onlytba location of infrastructure but also on
traffic levels, which vary over time. In additiopeople may move close to the infrastructure
because of the benefits they derive from it in twh accessibility. The study of transport
inequalities must then consider the determinanteesidence location and analyse whether
changes in the transport system induce househditateon and eventually lead to an
adjustment between the spatial distributions ofiadogroups and of the local benefits and

costs of the system.

In the classic model of a monocentric city, houséhdrade commuting costs and
housing space. Income classes are then sorteddawgoio the distance to the centre,
depending on the relationship between the incorastieities of the demand for land and
commuting costs [Alonso 1964, Mills 1967, Muth 1§63he problem becomes more
complex when we consider that accessibility is amg out of several geographic attributes
valued by the individuals. This question is oftepmached using the local public goods
model known as the “Tiebout model” [Tiebout 195&hich assumes that differences in the
guality of local amenities or public services aapitalized in local taxes, housing prices or
rents. Income classes are then sorted among neigidimds, depending on differences in the
preferences and ability to pay of each class antheravailable choice set of attributes of the
neighbourhoods in each specific city. This choieersay be homogeneous in terms of some
of these attributes, possibly leading to cumulatidgantages for some groups. For example,
empirical studies show that residential relocatioay reproduce or reinforce inequalities in
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the distribution of several types of accessibiliigluding access to main centres and to urban
facilities [Hesse and Scheiner 2009]. The extemivhach this outcome also applies to the
joint distribution of accessibility and environmahtjuality depends on the structure of each
city. While in monocentric cities, environment gtiatends to decrease with proximity to the
centre; in dispersed and polycentric cities the attoibutes may be positively correlated.
These differences may explain why in some citiesehs a balance between the advantages
of different groups in the distribution of the twattributes, while in others there are

cumulative disadvantages for the low-income grdqReginster and Goffette-Nagot 2005].

Pedestrian mobility may also play a role in thetighgorting of social groups. Evidence
in several cities shows that pedestrian mobilityndeed capitalized in house prices, when
assessed by walking distance to local facilitieat@Bharet al. 2001, Cortright 2009], quality
of walking access to public transport [Goetzal. 2010, Duncan 2011] or general street
“walkability” [Matthews and Turnbull 2007, Diao anBerreira Jr. 2010]. However, the
valuation of the negative effects of motorized $@ort on pedestrian mobility has been
studied only indirectly. For example, Song and Kng003) include in their hedonic study of
house prices a variable measuring inter-communélkiwg access (which depends implicitly
on the presence of transport infrastructure actisi@ barrier), while Orford (1999) includes
traffic levels and noise levels in the streets atbaach property, but without establishing the

link to pedestrian mobility.

Two other questions that lack definitive evidenoe whether preferences for pedestrian
mobility depend on income or other socio-econonaigables, and whether these preferences
are strong enough to incite household relocatioevine and Frank (2007) found that
preferences for living in a “walkable” neighbourldoare indeed associated with a greater
desire for change in the characteristics of on€mghbourhood than preferences for auto-
oriented neighbourhoods; although the preferenges the two types of neighbourhood are
uncorrelated with income. The provision of publi@nsport in conjunction with the
improvement of pedestrian access also tends to hastonger effect on neighbourhood
gentrification than the provision of public transpoext to “park and ride” facilities [Khan
2007]. On the other hand, the comparison of theltesf Bhat and Guo (2007) and Pinjati
al. (2007) using the same data set shows that thet effavalkability on residence location
depends on the set of land use variables thahahadied in the same model.

The objective of this chapter is to test if changethe transport system of the AML in
the period 1991-2001 lead to an adjustment of patia distribution of the different socio-
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demographic groups to the distribution of differeimhensions of mobility. This adjustment

can be assessed by looking at aggregate effedtseomeighbourhoods’ social structure. Our
main contribution to the existing literature is ittentify the role of aspects of pedestrian
mobility that are negatively affected by motorizeaffic, when considered alongside changes
in accessibility and in other neighbourhood attiéisu Those aspects include community
severance and exposure to noise for pedestriatksngalround their neighbourhoods.

We also look at two specific issues. The firsthis variability in the effects of different
dimensions of mobility in neighbourhood social neqmsition in different parts of the urban
area. Differences in the effects of mobility on keluold location in city centres and in inner
and outer suburbs have been identified both incse of accessibility [Hesse and Scheiner
2009] and general pedestrian mobility [Song andrQae2008], but have not been tested for
the case of the indicators of pedestrian mobiligntroned above. The second issue is the
effect of the development of new urban land in gbeial distribution of levels of mobility.
The housing market in new areas is usually morecatfe than in other areas in capitalizing
mobility or other neighbourhood attributes. Thiwais for a more effective overall sorting of
households according to levels of accessibility gretlestrian mobility, if there are

differences between the set of new and old areasthin the set of new areas.

We then analyse patterns occurring in separatesstghef the metropolitan area. In the
first two sections, we focus on the set of areasrestthere is higher evidence of household
relocation in the period of concern. The analysighe preceding chapters has shown that
inequalities in the distribution of mobility occuwespecially within Lisbon and in the
surrounding suburban areas. These regions aresadaily parallel, in Sections 4.2 and 4.3,
using variables defined in Section 4.1. In bothesashe analysis is divided in two stages.
First, we use logistic regression to model the phility of a district to belong to the set of
areas with high relocation. We then use canoniaaretation analysis to assess the
relationships occurring within that set of areasMeen changes in indicators of mobility and
other neighbourhood attributes, and changes in deapbic, socio-economic and housing
variables. In Section 4.3, we work with a differenb-set of the data, focusing on the group
of newly developed urban areas. We assess patt@sring in each municipality, by
comparing the mean values of socio-economic vasabhd mobility indicators in new and
old areas and analysing the correlations betweesetlariables inside the set of new areas.
As in previous chapters, we discuss the resulta ifinal section, framing the empirical

findings in terms of wider processes affectinggheial distribution of mobility.
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4.1 Measuring neighbourhood change: social and spat variables

The starting point for this chapter is the hypotheabat the social structure of the
neighbourhoods in an urban area depends on changesbility and in other neighbourhood
attributes, as these changes may induce housedloichtion among neighbourhoods in the
city. Inter-neighbourhood differences in thoseibitties at a given moment also influence the
residence location decisions of households migydtiom outside the urban area. Ideally, the
study of these links requires data at the houseleokel. However, the results of surveys on
housing satisfaction or household relocation caxglarge areas are usually only available to
academic research at an aggregate level. Censaspdatide the second-best solution,
although the use of this data also faces limitatiderived from the aggregation of household
data into areal units that are not always inteynladiterogeneous. In addition, the changes in
the social structure of the population in each Inleogirhood that are captured by data at the
level of the census unit do not necessarily reflemisehold relocation, but can be due to

demographic or economic changes within the pomratiho did not moved.

One possible method to minimize these problems i®dus the analysis on the set of
areas where household relocation is more signifidanour case, the data on the number of
households that relocated from other areas canfbeed from the information published in
INE (2004b), which provides categorical data at #rumeration district level on the
proportion of households that were living in anothéministrative aredreguesia five years
before the census date. The areas with higher msgdef relocation are identified as the ones
where more than 20% of the population have reladatahe districts that correspond to
newly developed land are not included and are aedlgeparately in Section 4.3. The first
part of the next two sections models the probahdfta district to belong to the set of areas
with higher evidence of relocation. The models gigean understanding of the determinants
of neighbourhood recomposition. The dependent bkriaccounts mainly for the relocation
of households who move to dwellings previously gied by households who moved to
other neighbourhoods, but it also includes the caglon of households who moved to

dwellings that were previously vacant or had naieential uses.

%2 The set of districts with relocation above 20%wvies more explicative models than those obtainith the
other two alternatives provided by the data. Thedistricts with relocation above 40% is too dmahile the

set above 10% is much less variable than the s&ea®0% in terms of changes in the census variables
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The separation between the two processes is madeiolthe second part of the analysis,
which looks at the particular changes within the cfeareas with high relocation, isolating
changes in the social structure from changes indta¢ population and in the characteristics
of the housing stock. In this analysis, we do re® the factor scores obtained in Chapter 2,
but revert to the original variables calculatedniréthe census data. Although factors are
composite variables correlated with a series oividdal variables, changes in mobility and
in other neighbourhood attributes may affect défaly changes in the individual variables,
even when they are correlated at one given monTebte 4.1 lists the variables tested. All
variables express changes occurring in the peri@@dl-2001 and refer to enumeration
districts.

Table 4.1: Social variables: population and housingharacteristics

Individuals Dwellings
Population Households per dwelling
Men (% of adults) Vacant (%)
Elderly (%) Informal (%)
Average age With facilities (%)
No/Lowest qualification (%) Small (1-2 rooms) (%)
Graduates (%) Large (>5 rooms) (%)
Employment/Population Owned (%)
Employment in agriculture (%)
Employment in industry (%) Buildings
Employment in services (%) Dwellings per building
Old (>40 years old) (%)
Families New (<10 years old) (%)
1-2 members (%) Exclusively residential (%)
Average family size Exclusively non-residential)(%

With children (<15yrs old) (%)

The probability of neighbourhood recomposition d@he changes in the population and
housing characteristics are related with a seriésvariables defining changes in
neighbourhood attributelgable 4.2] We include variables that define characteristitshe
places and are independent of the commuting desisib the population living in each ED.
Therefore, we only consider some of the indicatifraccessibility and pedestrian mobility
indicators presented in Chapter 2, excluding fanegle time to work and noise on the way
to work. We also include additional indicators etessibility and pedestrian mobility and a
group of other neighbourhood attributes. All valégbexpress changes in the period 1991-

2001, except for the “historical areas” dummy Valea
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Table 4.2: Spatial variables: mobility and other negghbourhood attributes

Accessibility Other neighbourhood attributes
Job accessibility (private/public tr.) Historical areas (Dummy)
Time to urban facilities (private/public tr.) Jobs
Time to Lisbon CBD (private/public tr.) Shops
Time to nearest motorway junction (private tr.) Greenery (urban parks)
Time to nearest rail/metro station (private tr./ouzk) Greenery (forests)
Congestion index (private transport.) Car parking
Slums
Pedestrian mobility
Community Severance (industrial)
Community Severance (motorway)
Exposure to noise around the neighbourhood

The list of accessibility indicators includes ptivaand public transport job accessibility
and time to urban facilities, which are defineddhapter 2 (p.43, 51-52). The indicator of
time to urban facilities is included because it banunderstood as a measure of accessibility
to local centres or municipal capitals, as thegetlag¢ places that concentrate those facilities.
The times to the Lisbon central business distBetdanha/Picoas) and to the nearest access to
the transport network (motorway junction or railerderground stations) capture additional
dimensions of accessibility by private and publiansport, while the congestion index
captures concerns specific to private transpontsudene congestion index is the ratio of job
accessibility estimated with uncongested and cdedemetwork times. It is therefore a
measure of the way that the congestion in the whetevork affects the population in each
neighbourhood. The index is assumed to be exogemowsach neighbourhood, that is,
independent on the characteristics of the popuidatiod their levels of car usage. This is
because the index is affected mostly by levelsaifit in the motorways and roads that link

the neighbourhood with the major centres, and gdtdific in local streets.

The list of pedestrian mobility variables includbs indicator of pedestrian exposure to
noise around the neighbourhood and two indicesoofinsunity severance, accounting for
different types of barriers to inter-neighbourhaamtess: industrial sites and motorways. The
construction of these indicators is given in Cha@gp.55-56, 59-60). We also tested an
indicator of the number of pedestrian accidentthearoads and streets around each district,

which was found to be insignificant in all models.

The set of spatial variables is complemented wikiea other indicators measuring

neighbourhood attributes. We include a dummy véeiédir the areas in the historical centres
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of towns and cities, to account for the specifiafythe housing markets and of the urban and
social environment in those areas. The locatiorthete areas was extracted from AML
(d2001). The number of local jobs is given by thenber of residents in each enumeration
district who walk to work [Appendix 2.4]. The consttion of the other five variables is
based on the hypothesis that people experience tiegghbourhoods when walking. The
assumptions, data and methods used are detailedpi@ndix 2.3C. Accessibility to shops is
measured by the number of shops that can be reaesitbth 500m from the district’s
representative points [Appendix 1], measured onstineet network. Accessibility to green
space is the area-weighted number of green spatas 800m. In Lisbon we consider only
urban parks and large leisure and recreation ahedlse suburbs we add a separate indicator
for forests and other natural areas. The varialdasuring car parking space is the length of
the street network within 100m of the represengéatpoints, subtracted by the length
corresponding to paid parking space. A final vdaal®lum$ captures the influence of the
proximity to “problematic” neighbourhoods on thesutability of the areas around them. We
hypothesize that the residents in one neighbourhmay not wish to interact on the street
with residents of a slum area. The indicator ofxpraty to slums for a given district is then
the total length of the intersection of the set stfeets within 800m of the district's

representative point and of the slum area, weighyeithe slum population.
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4.2. Mobility and neighbourhood recomposition I: Lisbon

In this section, we analyse changes in the pomuidiving in the neighbourhoods of the
Lisbon municipality in the period 1991-2001, foaugion the set of areas containing a large
proportion of households who relocated from otheasa. In a first stage, we examine the
influence of changes in mobility and other neighihoed attributes in the probability of an
area to belong to the set of areas with high rélmealn a second stage, we determine the
relationships between changes in neighbourhoodbuatits and changes in demographic,

socio-economic and housing variables within thab$areas.
Geographical determinants of neighbourhood recompatson

Our first objective is to assess the role of changeaccessibility and pedestrian mobility
in the probability of neighbourhood recompositiavhen included in a model with other
variables measuring changes in the geographicbatits of each place. The analysis is
conducted at the enumeration district level. Asrttenbership of a district in the set of areas
with highest relocation is a dichotomous varialthe, question can be assessed using logistic
regression. The dependent variable is the logged aatio of a district being in that set. The
number of districts in the set of high relocatioorresponds to 5.3% of the enumeration
districts in Lisbon. The explanatory variables #ine changes in the variables defining
neighbourhood attributes presentedanle 4.2.We also tested interaction terms between the
changes in commuting severance indicators and iserexposures. These terms apply when
both changes have the same sign, in order to atémucumulative effects of a simultaneous

increase or decrease of both aspécts

The model presented in the table below is the baeields the highest goodness of fit
such that all variables are significant at 10%. ®kerall significance and goodness of fit of
the model are assessed by the likelihood test hed\Niagelkerke Rrespectively*. The
significance of each coefficient is based on thdd/égatistic, which is the square of the ratio
between coefficient and their standard deviatidms Btatistic can also be used to rank the

variables in order of importance. In order to fisaie comparison, the model coefficienf$ (

3 We define the interaction terms as the produthefchange in community severance and the absadlie of
the change in noise exposure. When changes hawppiusite sign, the term is equal to zero.

% See Pampel (2000) for significance tests and gesslof fit in logistic regression.
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are standardized, with the exception of the *“his@dr areas” dummy variable. The
exponential of the coefficients Mjeis then the predicted change in the odds ratioafo
increase in the explanatory variable equal to thadard deviation of that variable. We also

present the 95% confidence intervals for this value

Table 4.3: Logistic regression of the probability 6neighbourhood recomposition (Lisbon)

B Wald Sig. d 95%C.l

Constant -2.94
ACCESSIBILITY

A Private tr. job accessibility 0.48 4.02 0.0% 1.61.01-2.59]

A Public tr. job accessibility 0.24 5.01 0.03 1.271.0B-1.57]

A Bus time to station -0.25 6.04 0.01 0.78 [0.64D.0
A Walking time to station 0.87 5.91 0.02 2.38 [14189]
A Congestion (Private tr.) 0.91 12.93 <0.001 2.47.51314.05]
PEDESTRIAN MOBILITY
A Community severance (motorway) 0.65 13.74  <0.00192 1 [1.36-2.70]

A Com.Sev (motorway) *A Noise around| 0.34 3.38 0.07 1.41 [0.98-2.02]
OTHER NEIGHBOURHOOD ATTRIBUTES

Historical areas (Dummy) -0.26 6.18 0.01 0.77 [e063D]
A Jobs -0.18 4.93 0.03| 0.84 [0.71-0.98]
A Retalil -0.25 5.11 0.02| 0.78 [0.63-0.9/7]
A Green (Park) 0.66 2656 <0.001 1.93 [1.50-2.47]
A Parking -0.57 11.39 <0.00L 0.57 [0.41-0.79]
A Slums 0.28 7.61 0.01| 1.32 [1.08-1.61]

N: 2319 (Yes: 5.3%; No: 94.7%)
Model likelihood test (df=13)y=158.28 (p<0.001)
Nagelkerke R2: 0.34

The change in urban green areas is the most signifivariable in the model, as
measured by the Wald statistic. This variable hgsositive coefficient, which reflects a
particular process occurring in Lisbon in the peraoncerned: the regeneration of a large
section of the east part of the city to build nesidential areas and urban parks in an area

previously occupied by industrial sites.

Aspects related to car use, such as congestiopakthg, are also highly significant. The
probability of neighbourhood recomposition is highar higher increases in congestion and
lower increases of parking space. In other worts, neighbourhood’'s population show
stronger propensity to change in areas with lowgrovements in those two issues, which
are accessory aspects of private transport acddgsidithough the probability of change is

higher for higher improvements in the index of pte&y job accessibility itself. The
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significance of changes in parking space is coasiswith the results of a survey that found
that parking space is the most important reasordigsatisfaction of households regarding
their neighbourhood in Lisbon [CML-DMPU 2004b p.]l2@here are also differences
between different dimensions of public transpodeasibility. The lower the improvements in
aspects that complement the public transport joursiech as the walking time to station (that
is, the higher the variation in that time), the Hag the probability of neighbourhood
recomposition. On the other hand, the higher therawvements on indicators more closely
related with the journey, such as the index of jpuibhnsport job accessibility, or the bus time

to the nearest station, the highest the probalfityeighbourhood recomposition.

We should also notice the absence of variablesekl® changes in the accessibility to
specific destinations (such as time to urban faéesliand time to the Lisbon CBD), either by
private and public transport. Changes in the time&¢arest motorway junction and private
transport time to the nearest station are alscsigmiificant. The first case may be explained
by the relatively low density of motorways withimshon, comparing with the suburban area,

while the second case is explained by the low egleg of “park and ride” commuting.

The significant pedestrian mobility dimensions #ne ones related with community
severance posed by motorways, both as an indivicduable and interacted with the changes
in exposure to noise around the neighbourhoodoth bases, the higher the deterioration in
the conditions of pedestrian mobility in a neighttunod, the higher the probability of
neighbourhood recomposition. The Wald statistithef community severance coefficient is
the second highest in the model and is higher tharvalue of the significant accessibility
variables, which points out to the relevance of thimension of mobility in the probability of
neighbourhood recomposition. The changes in comiyigeverance posed by industrial sites

and the changes in noise exposure as an indiw@uible were found to be insignificant.

The remaining control variables in our list areoalgnificant. The increase in the
proximity to slum areas has a positive coefficievitjle the change in the number of jobs and
shops and the location in historical areas havegative coefficient. The odds ratio of a
district in the historical areas is 0.77, which gesjs that there are characteristics specific to
those areas that decrease the propensity for holgsetlocation from and to those areas.
Characteristics preventing residents moving out @n@bably the existence of close-knit
communities, while characteristics preventing peapbving in include the hilly reliefs and

high proportions of buildings in poor state of repa
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Social patterns of neighbourhood recomposition

This sub-section analyses the multiple relatiorsHietween the changes in the two
groups of variables presented in Section 4.1, meggpsocial and spatial neighbourhood
attributes. These relationships are assessed antlraeration district level and within the set
of areas with highest proportion of relocated hbos#s. The objective is to explain the
overall variance in each group of variables in ®ohthe overall variance in the other group.
The most appropriate procedure to approach this tfpproblems is canonical correlation
analysis. This method is a sequential procesditidg pairs of correlated linear combinations
of the two groups of variables. These pairs arenknas canonical variates and the correlation
between them is called canonical correlation. Atheatage, the process finds the pair of
variates yielding the largest correlation such thay are uncorrelated with the previous pairs
of variates. The method captures therefore a sefi@ggdependent relationships between the
two groups of variables. The procedure continudd thre obtained variates contain all the
co-variation between the two groups of variabldéshoagh only a small number of variates
are usually needed to represent adequately thiscation. In our case, the synthesis of the
two groups of variables into variates provides arerpretation of the multiple effects of
changes in mobility in demographic and socio-ecanorariables, controlling for changes in

other neighbourhood attributes and in populatich lrmusing dynamics.

The approach followed was to test a run a seriesanbnical correlation models using
different selections of the variables in both gitipwe started with all the variables in each
group that have a significant correlation with amygle variable in the opposite group. We
then re-ran the model without one of these vargahblal estimated the sum of the proportions
of the variance of each group explained by therogheup (see note 37). The variable whose
removal leads to the highest increase in that sumefinitely excluded. This procedure is

applied repeatedly until is no longer possiblentpriove the model by removing any variable.

Table 4.4 shows the results of the final model, which fodhcee canonical correlations
significant at the 1% lev& The table on the top left side gives the corietet between the

canonical variates. The variates of the group afiapvariables are identified ag ¢; and @

% The distance to slums (in the spatial group) dedproportion of informal dwellings (in the socigbup) are
never included together in the same model, asdheyglosely related by definition (See chapter.28p
% The significance test assesses whether, aftemfjagktracted one pair of variates, there are arigs pa

independent of the ones already extracted and hanin-zero correlations. See Levine (1977, p.20-21)
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and are associated respectively with the variatgsce and c3 in the group of social
variables. The correlations between the three pagstrong, at 0.86, 0.79 and 0.72. The table
on the top right side gives measures of redundartoyse measures assess the extent to which
the variance in one group is explained by the cmabvariates on that group and on the
opposite group’. The spatial and social variates explain very lsimproportions of the
variances in the respective group, 64.5% and 64etpectively. The spatial variates explain
37.8% of the variance in the group of social vddaapwhile the social variates explain 41.3%
of the variance in the group of spatial variablBse interpretation of the variates follows a
similar rationale as in factor analysis. We assuhat the variates are unobservable latent
variables, the nature of which is suggested by tb@irelations with the original variables.
These correlations are known as canonical loadamgk are given in the two tables at the
bottom. We can also assess the character of eaigltevhy mapping its distributiomap 4.1

shows the distribution of the variates of the grofippatial variables.
Table 4.4: Canonical correlation analysis of spatieand social changes (Lisbon)

Redundancy measures (%)

Canonical correlations Spatial variates Social variates

(€1,C'1) (C2C'2) (Ca,C'3) CC G G |[Sum||cy C» C'z|Sum

0.86 0.79 0.72 Spatial| 27.6 20.3 16.6| 64.5| |20.3 12.5 85| 41.3
Social |11.1 9.3 17.4{37.8| |15.1 15.2 34.1| 64.4

Canonical loadings

Spatial (] C C3 Social cy €, (3
ACCESSIBILITY INDIVIDUALS
A Private tr. job accessibility 0.14 -0.10.71 A Population 0.11 0.76 0.19
A Public tr. job accessibilityy 0.44 0.66 -0.22A No/Lowest qualifications-0.32 -0.16 -0.51
A Congestion (Private tr.) 0.48 0.66 0.3 A Graduates -0.040.30 0.84
PEDESTRIAN MOBILITY A Employment/total pop.| -0.260.03 0.65
A Com.Severance (industrial)0.77 -0.52 -0.22 DWELINGS/BUILDINGS
A Com.Severance (motorwayp.61 0.38 -0.41 A Vacant dwellings -0.65-0.57 0.23
A Noise around 0.08 0.04 -0.44 A Owned dwelling 0.04 0.09 0.79
OTHER NEIGHBOURHOOD ATTRIBUTES A Small dwellings -0.610.00 -0.5Q
A Retall 0.46 0.48 041 A Large dwellings 0.07 0.07 0.87
A Green (Park) -0.77-0.30 -0.33 A Informal dwelling 0.72 0.28 -0.44
A New buildings 0.01 0.64 0.30

3" The proportion of the variance of one group tteat be accounted for by a variate from the samepgcan be
estimated by the sum of its squared correlatiorth wach variable, divided by the number of variablEhe
proportion of the variance explained by the coroesient variate in the opposite group is the prodddhe

proportion above and the squared canonical coiwaléetween the two variates [Stewart and Love 1968
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Map 4.1: Spatial canonical variates (Lisbon)

e 1 e

Note: Variates are standardized and classified by st@hdeviation

The first variate in the group of spatial variab{eg accounts for 11.1% of the variance
of the group of social variables, while the cormgting variate in the social group’4)
accounts for 20.3% of the variance of the spatralg. The spatial variate is negatively
related with the change in green space and padsitre¢ated with both types of community
severance and (to a lesser extent) with changgaultic transport job accessibility and
congestion. The map shows that this variate assuhwsighest positive values in the
northwest, at the confluence of the two main Lisbwtorways, which were completed in the
period concerned. The negative values occur edpeniathe east, which accounts for the
previously mentioned transformation of derelict usttial sites into residential areas and
parks. There are also negative values in the nesaleareas in the centre, where community
severance is not relevant due to the absence abirydor motorways. The social variate is
negatively related with the change in the proposgiof small dwellings and vacant dwellings
and positively related with the change in the propo of informal dwellings. The
association between community severance and changeformal dwellings is consistent
with the results obtained previously, in the moafethe probability of a district to be affected

by community severance in each year (Chapter Z)p.5

The second variate in the spatial grogp has positive associations with changes in
public transport job accessibility and in the cosigm index and negative association with
the change in industry-based community severante. Variate in the group of social
variables ¢') is mainly explained by variables measuring popoiaand housing dynamics,
being positively related with the change in popalatand the proportion of new buildings
and negatively related with the change in the priogo of vacant dwellings.
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The third pair of variates is explained on the ispaide €3) by a positive correlation with
the change in private transport job accessibilitg a negative correlation with the change in
the pedestrian mobility variables. The social varig’s) accounts for the highest share in the
variance of its own group (34.1%), as is strongbgomiated with several variables. The
variate is positively related with the changesha proportion of graduates, employment-to-
population ratio, proportion of owned dwelling alzge dwellings and negatively related
with the change in the proportion of individualsttwthe lowest qualifications and in the
proportion of small dwellings. This is the mosterdsting pair of variates from an equity
perspective, as it relates combinations of varmblefining benefits from transport changes
(increase of accessibility and reduction of itsateg effects) with variables that are usually
considered as proxies for income levels and sombm@mic status. The result confirms the
hypotheses of simultaneous adjustment betweerotiaidn of income groups and levels of

accessibility and pedestrian mobility, with cumivatadvantages for the high-income groups.

It is also worth mentioning the variables that ddd fit into the final canonical correlation
model. The absence of age variables dismissesyjhatesis that the spatial distribution of
age groups tends to adjust to the distributiorheftiype of mobility they theoretically value
the most, with younger people moving to areas élter job accessibility and the elderly
moving to areas with better conditions for pedaesB8i The lack of evidence on this
adjustment may be explained by the correlation eetwimprovements in the two types of
mobility. Elderly populations are relatively morencentrated in the central areas, where the
spatial variate £has the lowest values, which represent lowestorgments of accessibility
and highest deterioration of pedestrian mobilitheTdouble disadvantage of these areas,
allied to other factors preventing relocation dedvrom the location of these areas in the
historical centres mean that there is no incentbreyounger population to settle in these
areas or for the elderly residents to move to otmighbourhoods. The absence of this
adjustment process explains the decrease in thantabe of the elderly in pedestrian

exposures to noise seen in the previous chajatgr 3.3, Map 3.5].

Some dimensions of public accessibility that cdni® to the probability of
neighbourhood recomposition, such as the bus arnkingatimes to the nearest station, are
also absent from the final canonical correlationdelpnot having a noticeable relationship
with either the total population living in a neighivhood or the social structure of that
population. The recomposition of the neighbourhegbpulation may then be explained by

differences in the preferences of the individual®wnoved in and out of the neighbourhood
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or by the effect of omitted variables related waitks and walking times to stations.

The results provide two conclusions that can applyther urban settings. First, the
spatial sorting of groups with different socio-eoomc status is more strongly associated with
improvements in private transport accessibilitynthv@th improvements in public transport
accessibility. The latter are only moderately edato an increase in the proportion of
graduates, but are strongly related with populaéiod housing dynamics. Improvements in
the public transport network serving areas withytatons with lower socio-economic status
may then have a relatively stable effect on theall/distribution of accessibility levels, as it
does not seem to lead to large relocation movemehtmdividuals with higher socio-
economic status to those areas. The second comtlusithat the adjustment of socio-
economic groups to changes in pedestrian mobiligy e explained by changes in
accessibility. In our case, the adjustment to cbkanip pedestrian exposure to noise and
community severance suggested by the associatioreée the third pair of variates may be
explained by changes in private transport accdggjlwhich have a stronger correlation with
the same spatial variate. The common factor toetle® conclusions is that in cities with
rapid increases in the motorization rate and cagessuch as Lisbon, private transport
accessibility is the main driver of the sorting sfcio-economic groups to the different
neighbourhoods.
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4.3. Mobility changes and neighbourhood recomposin Il: Suburbs

The determination of the appropriate scale of aiglis as relevant in the study of the
relationships between spatial and social neighlmmdithanges as in the analysis of patterns
occurring at a moment in time, which was the obg@qgbrevious chapters. This is due to the
differences in the processes affecting those oelahips in different parts of heterogeneous
metropolitan areas. In fact, households do notidenghe whole of the metropolitan area
when looking for a house, but just a small setrefa. This leads to the existence of housing
sub-markets, whose borders depend on a seriesogfagghic factors such as administrative
borders, centrality, accessibility, and in the cakthe AML, the natural barrier posed by the
Tejo estuary. The relevance of some dimensioncaéssibility and pedestrian mobility for
the households, and the efficiency of the housiagket in the capitalization of differences in

mobility may also vary in space.

If in the case of Lisbon, the delimitation of theea of analysis is straightforward, as the
municipal borders also define the city limits, hetcase of the suburban areas there are many
possible alternatives. A geographically weightedrapch comparing similar areas as done in
Chapter 3 is theoretically possible but of difficuhplementation, due to the multiple patterns
of interrelationship between indicators of mobilijd socio-economic variables. In our
analysis, we use a selection of areas based orelévance of commuting to Lisbon. In a
preliminary analysis, this solution revealed to ddughest explanatory power than other
possibilities, including separate analyses in eaahicipality, in major cities or in clusters of

enumeration districts with similar values for asib#ity and pedestrian mobility indicators.

The approach used was to run the logistic regressiodel in different selections of the
data, each including the enumeration districtsniradditional administrative areagguesia,
ranked in descending order of the proportion ofkeos commuting to Lisbon. The process
started with the administrative areas where moam t50% of the population commutes to
Lisbon. The selection chosen was the one yieldivey iest model (the one with highest
goodness of fit such that all variables are sigaift at 10%). This region contains the
administrative areas where more than 43% of th&kevercommute to Lisbon. The logistic
regression model for this region is presented @nfitst sub-section. The same region is used
in the estimation of the canonical correlation moplesented in the second part of the

analysis, which studies the relationships betweerakand spatial neighbourhood changes.
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Geographical determinants of neighbourhood recompatson

Table 4.5shows the results of the logistic regression efftobability of a neighbourhood
to contain a large proportion of households whmaaed from other areas, using as
explanatory variables the changes in accessibilipgdestrian mobility and other
neighbourhood attributes. The number of enumeratistuicts in the set with high relocation
is smaller than in Lisbon, but represent a highencgntage of the total number of districts
(11.9%).

Table 4.5: Logistic regression of the probability 6neighbourhood recomposition (Suburbs)

B Wald Sig. d 95%C.l
Constant -1.93
ACCESSIBILITY
A Private tr. job accessibility 0.38 10.94  <0.001 471. [1.17-1.84]
A Public tr. job accessibility 0.68 36.07 <0.001 61.9[1.58-2.45]
A Private tr. time to facilities -0.50 10.25 <0.0010.61 [0.45-0.83]
A Public tr. time to Lisbon -0.54 3.33 0.07 0.58 3@®1.04]
A Time to motorway junction -0.48 3.70 0.05 0.62 3@1.01]
A Bus time to station -0.40 4.16 0.04 0.67 [0.489D.9
PEDESTRIAN MOBILITY
A Noise around 0.38 7.82 0.01 1.46 [1.12-1.89]
A Community severance (industrial) 0.68 11.88 <0.001L98 [1.34-2.91]
A Community severance (motorway 0.35 4.64 0.03 1.4203-1.96]
OTHER NEIGHBOURHOOD ATTRIBUTES
Historical areas (Dummy) -0.82 22.22 <0.001 0.44.31€0.62]
A Jobs 1.23 34.58 <0.001L 3.42 [2.27-5.16]
A Green (Forest) -0.69 18.36 <0.001 0.50 [0.36-0/69]

N: 1486 (Yes: 11.9%; No: 88.1%)
Model likelihood test (df=12)y=176.93 (p=<0.001)
Nagelkerke R2: 0.35

The most significant variable is the change in mutbhnsport accessibility, as reflected in
the Wald statistic. Higher increases in this typfe agcessibility correspond to higher
probability of neighbourhood recomposition. All ethvariables in the accessibility group
show the same pattern: the probability of neighboad recomposition is related positively
with the size of the improvements in accessibilitiiese improvements include increases in
the job accessibility index and decreases in the to reach urban facilities, the Lisbon CBD,
motorway junctions and rail or underground statioRsis pattern differs from the case of

Lisbon studied in the previous section, where thees a negative relationship between
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probability of neighbourhood recomposition and ioy@ments in the case of two
accessibility indicators: changes in congestiothenwalking time to stations. These variables

are insignificant in the present case. The changai parking space is also insignificant.

Another particularity of the case of the suburbagion when comparing with Lisbon is
the significance of the time to motorway juncticarsd of some of the variables related to
changes in the accessibility to specific destimstioHowever, while access to Lisbon is
significant for public transport users, accessrwan facilities (which is also an indicator of
access to local centres) is significant for privi@éamsport users. This result may be related to
the growth of employment in new centres outsidéamsand near motorway junctions. These
locations have good access by motorways but ngubyic transport. Access to these centres
is therefore more relevant for private transpodrsiswhile public transport users place more

emphasis on access to traditional centres of emaayin Lisbon.

The two types of community severance and the iseraa the exposure to noise for
pedestrians walking around their neighbourhoodsayeificant and have positive coefficients.
The higher the deterioration in these measures aafegtrian mobility, the higher the
probability of neighbourhood recomposition. The swa with the highest relevance is the
change in the community severance posed by indusites. Unlike the case of Lisbon,

interaction terms between pairs of measures wenaedfto be irrelevant.

In the group of control variables, the most sigmifit variable is the change in the number
of local jobs. This variable has a positive paranethich means that the higher the increase
in the number of jobs, the higher the probabilityatt the population living in the
neighbourhood will change. This result contrasthwhe case of Lisbon, where the parameter
for this variable was negative. The two other digant variables are the increase of green
space and the location in the historical aread) ith a negative parameter. The parameter
for green space is again different from the onendoun Lisbon, although in the present case,

the significant variable relates to forests arewbreot to urban parks.

Social patterns of neighbourhood recomposition

We now apply the canonical correlation model toreiationships between changes in the
spatial and social attributes of the neighbourhommdshe suburban area. The results are
presented imable 4.6 which is organized in a similar fashionTable 4.4
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Table 4.6: Canonical correlation analysis of spatieand social changes (Suburbs)

Redundancy measures (%)

Canonical correlations Spatial variates Social variates

(€1,C'1) (C2C'2) (Ca,C'3) CC G G |[Sum||cy C» C'z|Sum
091 0.75 0.73 Spatial| 32.1 20.8 12.9| 65.8| |26.6 11.7 6.9 | 45.2
Social|24.1 7.9 7.8| 39.8 |29.0 14.1 14.4|57.5
Canonical loadings
Spatial (o] (o C3 Social cy €y C'3
ACCESSIBILITY INDIVIDUALS/FAMILIES
A Private tr. job accessibility0.63 0.25 -0.28 A Population 0.91 0.28 -0.11
A Public tr. job accessibility 0.14 0.87 0.01 | A No/Lowest qualification$-0.29 -0.05 0.55
A Bus time to station -0.930.23 -0.15 A Graduates -0.060.60 -0.65
A Congestion (Private tr.)] 0.06 0.16 -0/72 A Employment/total pop.] 0.48 -0.490.01
PEDESTRIAN MOBILITY A Family size -0.48 0.05 -0.52
A Noise around ‘ 0.63 0.23 -0.01 DWELINGS/BUILDINGS
OTHER NEIGHBOURHOOD ATTRIBUTES A Owned dwelling -0.720.24 -0.22
A Green (Park) 0.55 -0.5060.30 A Small dwellings 0.44 -0.620.06
A Slums 0.51 -0.500.44 A Large dwellings -0.49-0.09 0.31
Map 4.2: Spatial canonical variates (Suburbs)
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Note: Variates are standardized and classifieddnydard deviation

There is a pair of variatex;( ¢’;) that is clearly dominant in the model, having a
canonical correlation of 0.91. These variates alg@ain a large part of the variance in their
own group and in the opposite group. The spatiahta ;) is related with the majority of
the variables included in the model, especiallyhwiite reduction of the bus time to railway or
underground stations, a variable that was absemhancase of Lisbon. As in Lisbon, the
changes in private transport job accessibility anéxposures to noise appear in the same
variate, but they now have the same sign. The teatlzen accounts for improvements in
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accessibility simultaneous with the deterioratidrnttee environmental quality of pedestrian
mobility. The variate is also related with the proiy to slum areas and with the increase in
urban green space. The social variatg (s related to suburbanization, including the @ase

in population and employment-to-population ratie tecrease in average family size and the
renovation of the housing stock resulting in smrallented dwellings. In the area of analysis,
the process described above occurs mainly in theedd municipality, in the areas around a
new motorway (IC22)Map 4.2]. Other characteristics of suburbanization werefoand to be
related to this or to the other variates, suchhasdecrease in the number of jobs or the
increase in the proportion of younger populatiahsellings per building and proportion of
residential buildings. Two of the variables thatasigre population and housing dynamics
(and which were found significant in Lisbon) aresalbsent from the present model: the

changes in the proportions of new buildings anthéproportion of vacant dwellings.

The two variables without strong correlations wiltie first social variatec(y) are the
changes in qualification levels, assessed by tbpgstions of individuals with the lowest and
highest qualifications. These variables are rel&tdtie other two variates’ andc’s). While
the canonical correlations of these variates with ¢dorresponding spatial variates are high
(0.75 and 0.73 respectively), the redundancy measaifrthese variates are modest comparing
with the first variate, as they represent relatigps between a small number of variables in
the two groups. The increase in the proportionhef ighest qualification levels defines the
second social variate’g), together with the decrease in the employmemtejodlation ratio
and in the proportion of small dwellings. Theseialales are then related, via the spatial
variate €,), to increases in public transport job access$ybdnd decreases in green space and
in the proximity to slum areas. The third socialriae (€'3) accounts for a more
comprehensive shift in the qualification structuethe neighbourhoods, as it integrates
changes in the proportion of both lowest and highealifications. The variate is also related
negatively with family size, a variable that wasignificant in Lisbon. The corresponding
spatial variated) is largely determined by changes in congestionlseve

The association between improvements in publicsfyart accessibility and increases in
the proportion of graduates is much clearer thatméncase of Lisbon. In fact, in the present
case, these are the most important variables inrelpective variatesc{ and c’;). The
association between changes in congestion andfigaabn levels is also clearer in the
present case (via thg andc’; variates). The fact that graduates move to ardads tive

highest increases in congestion may be explaingtidjnfluence of other changes that occur
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in those places. The composition of variatsuggests two of these forces: the decrease in the
proximity to slums and the increase of green spbrcéact, the lowest values of this variate
occur in the Oeiras municipality, around the arpeeviously occupied by the largest slum

area in the country, which was cleared and re-uzledrin the period concerned.

The facts that indicators of community severaneeiasignificant and that changes in
exposure to noise are mainly related to variable®lated to socio-economic status also
suggest that aspects of pedestrian mobility haseandary role in the sorting of socio-
economic groups among neighbourhoods. Although ldmgstic model found that the
deterioration of pedestrian mobility is associateth a higher probability of neighbourhood
recomposition, the canonical correlation resultewstihat this change is mainly related to
changes in the total population (via tteeandc’; variates). However, the positive relation
between changes in noise exposures and populatenray be explained by the effect of a
simultaneous reduction of times to the nearestostatvhich are more strongly related with
the spatial variate.

The role of the extracted canonical variates in #xplanation of neighbourhood
demographic and socio-economic changes is spdoifibhe sub-set of areas included in the
analysis, that is, all districts in administratiseesas where more than 43% of the workers
commute to Lisbon. However, the variates are adt®/ant when restricting or extending that
set to include places more or less dependent omemimg to LisbonFigure 4.1 presents the
correlations between the three pairs of canoniealates for regions defined by different
thresholds of the proportion of workers commutinog.tsbon. The three variates are highly
correlated for regions narrower than the one weal.uSbey are also correlated for wider
regions, up to a threshold of 40%, which includ@so8 the 96 administrative areas in the
North Bank outside Lisbon. For regions that incluatiitional areas, the three canonical
correlations are considerably lower, which meais the associations between the variables
they represent no longer hold. The influence of ifitghin the patterns of neighbourhood
recomposition is therefore dependent on the sdadealysis.
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Figure 4.1:

Correlations between variates at diffeent spatial scales
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4.4. The social structure of new urban settlements

The spatial sorting of social groups does not deépenly on differences in their
preferences and ability to pay for mobility and estimeighbourhood attributes, but also on
factors influencing the housing supply, such asdbeelopment of new urban areas. The
creation of new neighbourhoods extends the sdtaehatives available to households in their
location decisions. Social inequalities in the rmlsttion of accessibility and pedestrian
mobility may increase if on average the new neiginhboods offer better conditions than
existing areas and if they tend to be settled bbsagegroups. In addition, the capitalization of
neighbourhood attributes into housing prices atswl$ to be more efficient in newly built-up
areas, not being affected by market distortionsadtaristic of others areas, especially in the
old parts of cities and towns. If the set of newghbourhoods is heterogeneous in terms of
accessibility and pedestrian mobility, the sortofgsocial groups within that set may reflect
more clearly the social differences in preferenmesbility to pay, comparing with existing
neighbourhoods. If some groups tend to locate enaiteas offering the best conditions, the
strength of overall relationships between the ilistron of social groups, accessibility and

pedestrian mobility will increase.

In this section, we amalyse levels of accessibditgl pedestrian mobility and the social
structure of the population in areas built-up ia geriod 1991-2001 in the Metropolitan Area
of Lisbon. The identification of these areas makss of the fact that the development of new
urban land leads to a reorganization of the bordeehumeration districts. The districts that
correspond to newly built-up areas are the ondasnhiE991 were classified as non-residential
land in land use maps [e-Geo d1990]. The analgsissaggregated by municipality, which is
the natural scale of analysis, since land use ipsliare the responsibility of municipal
councils. All variables refer to 2001. We focus e two main socio-economic factors
derived in Chapter 2, which synthesize variableasugng ageK1) and qualification levels
(F2) and on four mobility indicators: private and palitansport job accessibilityAPriv and
APub, public transport time to urban facilitiedKacPul) and community severance
(ComSe) This last indicator takes into account barrigrsnter-neighbourhood pedestrian
access posed by both transport infrastructure addstirial sites (See Chapter 2, p.56 and
Appendix 2.3B). We first compare means of the tactdrs and mobility indicators in the set
of new areas and in the whole municipality. Themr, @stimate correlations between the
indicators and the qualifications factor inside $le¢ of new areas.
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The table below reports the means of mobility iaties and socio-economic factors in
the set of newly built up areas in the 18 municifs. The suburban region defined in the
previous section is also included for referencee Tirst two columns give the number of
districts in the set and the proportion they repnésn the inhabited area in each municipality.
The other columns give the means of mobility inthca and socio-economic factors in 2001,
standardized by the means and standard deviatiénall oinhabited districts in the
municipality. Positive/negative values indicatettii@e mean is higher/lower in new areas
than in the whole municipality. Values above/belave indicate whether the difference in the
two means is above/below the standard deviatidgheotalues in the whole municipality. The
significance tests assess the null hypothesighleadtandardized means are equal to zero, that

is, the means in new areas are equal to the medhs whole municipality.

Table 4.7: Socio-demographic factors and mobilitydvels in new areas: (standardized means)

North Bank
N |%ared F1 F2 APriv APub  TFacPubComSey|
Lisboa | 138 4.9 | -1.55** -0.16 | -0.33* -0.60** 0.37** 0.42**
Odivelas| 58 | 4.8 | -1.36* 1.19* | -0.28* -0.58** 0.20 -0.12
Amadoral 20 | 4.3 | -1.14* 1.83* 0.48 -0.37  0.97* 0.39
Loures | 81| 3.3 | -0.91** 0.65* -0.01 -0.02 -0.25* 049
Oeiras | 138 10.1 | -1.15** 0.11 -0.16 -0.25** 0.38*  0.23*
Sintra | 2714 7.6 | -0.92** 0.32* | 0.17* 0.01 0.03 0.30**
V.F.Xira| 65| 8.3 | -0.95* 1.04* | 0.31* 0.11 0.21*  -0.08
Cascais| 95 3.4| -1.12** 0.42* -0.05 -0.03 0.26** .00
Mafra | 40| 4.1 | -1.47** 1.70* 0.00 0.04 -0.30*  -0.01
Suburban 155| 7.1 | -1.06** 1.14* | -0.17** -0.46** 0.38** -0.01
South Bank
N [%areg F1 F2 APriv APub  TFacPubComSey,
Almada | 134 10.0 | -1.08** 0.57* | -0.01 -0.22**  0.44**  0.34*
Barreiro | 39| 5.3 | -1.74** 1.41*| 0.87* -0.21 0.44* -0.26*
Seixal | 173 7.7 | -0.91** 0.51* | -0.47** -0.22**  0.16* -0.04
Moita | 42| 5.0 | -1.05** 1.23* 0.28 -0.10 -0.19 2AB*
Alcochetel 20| 8.8 | -1.31** 1.31** -0.28 0.04 -0.29 -0.31*
Sesimbral 66 | 8.7 | -0.81** 0.51* | 0.48**  0.30* 0.54* -0.14
Montijo | 32| 2.8 | -1.32* 1.13*| -0.09 -0.24*  -0.32** -0.37**
Palmela| 53] 9.9| -1.33** 0.83* 0.26** 0.f8 -0.18 -0.21%
Settbal | 86| 12.4/ -1.05* 0.71* 0.51* -0.15 0.11 0.30*

Notes Significance (t-Student test): **1%, *5%10%. In each bank, municipalities are
proportion of workers commuting to Lisbon.

ordered by th
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The values obtained for the standardized meanslofAge) and F2 (Qualification)
factors provide strong evidence that newly developeas are settled by young and qualified
populations. In fact, the set of new areas havatnegstandardized means for the age factor
in all 18 municipalities, which indicates that threean value of this factor in these areas is
lower than the mean value in the whole municipalitythe large majority of the cases, the
mean of the new areas is one standard deviatiamwbef the municipality mean. All the
significant standard means for the qualificatioastdér are positive, which indicates that the

mean of this factor is higher in the set of newaarian in the whole municipality.

While we would expect that new areas have loweel&ewof private transport accessibility
(APriv) than other areas, as the main centres of emplalyraee usually located in
consolidated urban areas, this is contradictechbyrésults obtained in some municipalities,
especially in the South Bank. These municipalities served by the newly built secohejo
bridge and by the first section of the South Bang road (IC 32), which had an effect on the
reduction of times of access to Lisbon and lech®urbanization of the areas that are most
accessible to the new motorway junctions. On therdband, the new areas in the majority of
the municipalities in both North and South banks ar a disadvantage when it comes to
public transport job accessibilityAPub) and public transport time to urban facilities
(TFacPub). In most cases, the significant standardized meah the public transport
accessibility indicator are negative, while thendt@&rdized means of time to facilities are

positive.

The standardized mean of the indicator of commuwetyeranceGomSeyin new areas is
positive in densely populated municipalities (Liab®eiras, Amadora and Sintra in the North
Bank; Almada and Setubal in the South Bank) ancetaw dispersed, mixed urban and rural
municipalities. The results of the first group ofimicipalities suggest that the development of
new urban land in these regions is related with ltwation of transport infrastructure or
industrial sites. This phenomenon increases thgnfemtation of the urban space, since the
infrastructure separates the new neighbourhood é&xisting areas. In fact, a close look at the
location of the new areas reveals that they terfdltow the locations of motorways and do
not integrate with the existing urban spf&igure 4.2]. It is also worth noticing that there is an
inverse relationship between the values of the dstaized means of the community
severance indicator and of the qualifications facioross the different municipalities,
suggesting that community severance influencesspiagial sorting of people with different

qualifications between old and new areas.
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Figure 4.2: First came the motorway, then the newealelopment

Source Google Maps © 2011 Google-Imagery ©2001 TerraMstr

A different way to assess the role of changesnd kase in the distribution of mobility is
to estimate the associations between indicatorsability and qualification levels of the
population within the set of newly developed argasle 4.8shows the correlations between
the four indicators and the F2 factor (Qualifica)ian each municipalityMap 4.3 synthesises
the results, classifying the significant correlaan terms of advantages for individuals with
higher and lower qualifications. We consider thedré is an advantage for individuals with
higher qualifications when the correlations of thalifications factor with private or public
transport accessibility are positive or when thealations with public transport time to urban

facilities and with community severance are negativ

In the North Bank, the population with high qua#tions tends to settle in the areas
providing the best conditions, especially in terwis job accessibility. The significant
correlations between the qualification factor anggie and public transport job accessibility
are positive in almost all cases. The associatith community severance are also
favourable to the higher qualified populations e tsuburban region and in two of the
municipalities (Oeiras and Sintra) that have a hmgmber of newly developed areas and a
high community severance mean value, as showiabte 4.7 above. In the South Bank, the
associations tend to be favourable for low-qualifi®pulations, as all significant correlations
between the qualifications factor and private andlip job accessibility are negative. In the
municipalities where the correlations with job asibility are significant, the qualifications
factor is also positively related with public traost time to urban facilities. The only
significant advantage for the high-qualified popwias occur in the three central
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municipalities of the South Bank (Barreiro, MoitadaPalmela), where the qualifications

factor is negatively correlated with time to urlaailities.

As in the analysis of other issues in this diss@mnathese results show the differences in
the relationships between mobility and socio-ecaoofactors in different parts of the
metropolitan area. While the major differences la@aveen the North and South banks, the
location of the municipalities in terms of centialis also relevant. Evidence of significant
relationships is concentrated in central and suduntegions. The peripheral municipalities
(Mafra in the North Bank and Alcochete, Sesimbrd &almela in the South Bank) show

weak evidence of relationships between qualificalévels and indicators of mobility.

Table 4.8: Correlations between mobility and qualiication levels in new areas

APriv APub TFacPubComSey APriv APub  TFacPubComSey
Lisboa | 0.22** 0.15 -0.08 -0.04 Almada | -0.21* -0.43** 0.36** 0.09
Odivelas| 0.23° -0.43* -0.09 0.37** Barreiro 0.25 0.18 -0.29 0.26

Amadora| 0.52* 0.36 -0.06 0.02 Seixal | -0.24* -0.29** 0.20** 0.20**
Loures | 0.44**  0.36** -0.06 0.09 Moita 0.20 0.22 -0.40** 0.12
Oeiras 0.1 0.29** -0.42** -0.26** | | Alcochete| 0.11 0.19 -0.17 0.00
Sintra 0.17* 0.16** 0.23** -0.32**| | Sesimbra] -0.06 -0.11 -0.01 0.00

V.F.Xira| 0.28* 0.33* 0.02 -0.14 Montijo | -0.3% -0.53** 0.41* -0.02

Cascais| -0.28** -0.28** -0.24* 0.03| | Palmela 0.04 -0.10 -0.53** -0.05
Mafra -0.04 -0.23 0.07 0.34% | Setlbal | -0.25* -0.25* 0.37* 0.05
Suburbar) 0.50**  0.40** 0.01 -0.22**

Note: Pearson correlations. Significance: **:1%. , *:5%0%

Map 4.3: Spatial differences in relationships betwen mobility and qualifications in new areas
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The cases of the two municipalities showing momaglex patterns are illustrated in the
map below and suggest the existence of trade-eftgden the sorting of the populations with
different qualifications among neighbourhood witiffestent characteristics. In the case of
Odivelas, there is a concentration of high-qualifempulations around the areas near the new
motorway junctions, which offer high private trangpaccessibility. These areas are more
affected by community severance and did not befreiih improvements in public transport
accessibility. In the case of Sintra, the developi&ith high concentrations of low qualified
population have limited inter-neighbourhood pedastrmobility, due to their location
between motorways and industrial sites. On therdthed, there are high concentrations of
high-qualified population in areas with lower pogtidn densities, which are not affected by
barriers to pedestrian mobility but are farthenirthe local centres, where urban facilities are

located.

Map 4.4: Patterns of settlement in new areas accoirtyy to qualification levels
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To sum up, the results add to the evidence on nhmgoitance of private transport
accessibility in the spatial sorting of the diffiergroups, comparing with public transport and
pedestrian mobility. Younger and more qualified yagons are disproportionately
represented in the population moving to newly depetl areas. The advantages of these areas
relative to existing areas are greater when consgl@rivate transport accessibility. Within
the set of newly developed areas, most of the fignit correlations between mobility
conditions and qualification levels are also fouiod the indicator of private transport
accessibility, although the sign of the correlatisrdifferent in the North and South banks.
Public transport accessibility plays a less impdri@le in the choice of residence location
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between old and new areas and among the new dnetect, most of the new areas have
worse conditions in terms of public transport thiam existing areas. The correlations between
qualification levels and public transport accedsjbior public transport time to urban
facilities are significant in some municipalitiestiiend to have the same sign and be less
strong than the correlations for private transpactessibility. The role of community
severance is mixed, as there are differences amamgicipalities in terms of the conditions in
new areas comparing with old areas and in terntbefassociations between qualifications

and community severance within the new areas.
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4.5. The dynamics of transport inequality

The analysis in this chapter provided some insightthe relationships between issues of
mobility and changes in the social structure ofieegghbourhoods. The assumption was that
households’ location decisions are sensitive tesehssues. However, causal mechanisms
linking the two kinds of changes are not explicit our models. For example, canonical
correlation models do not make assumptions on #ter@ of dependence between the two
groups of variables, which are treated symmetgicalhe observed statistical relationships
may therefore be explained by factors other thamsébold residence location. In fact, the
distribution of accessibility and pedestrian madbilieflects decisions of the policy-maker,
who may consider the social characteristics ofpeulations affected by transport policies.
Some authors argue that inequalities in the spdisifibution of noxious infrastructure are
product of both biased political decisions and dgtstments in the population living in the
affected neighbourhoods [Richardsen al. 2010]. The influence of political factors in
transport planning will be treated in the next dkagpbut it is pertinent at this stage to discuss
the alternative hypothesis, that changes in adaégsiand pedestrian mobility influence the
distribution of socio-economic groups. We first dscon the role of social differences in
preferences and ability to pay in household locatlecisions and then describe the influence

of urban policies on those decisions.
Market processes and household preferences

The identification of market processes leadinghe tinequal distribution of levels of
mobility among different groups is policy relevars different perspectives may apply
regarding the fairness of those processes. For@eawne may consider inequalities as fair if
they are the outcome of choices made in pure anfegbemarkets. However, these
characteristics do not necessarily apply to mosisimg markets. In general, the spatial
sorting of social groups among neighbourhoods wdifierent mobility characteristics
depends on two conditions: the efficiency of theudwg market in valuing those
characteristics and the differences among groupsrims of preferences and ability to pay for

them.

The hypothesis that the housing market capitalchesiges in neighbourhood attributes

has been assessed empirically in cities aroundvtréd. In suburban areas, housing prices

138



and rents tend to be positively associated witkigbei and public accessibility, a result also
found in the AML [Martinez and Viegas 2009]. Howewthis association is not always found
for other neighbourhood attributes and in the @nparts of metropolitan areas, where a
variety of factors influence housing supply and dath The case of Lisbon is illustrated in
Figure 4.3 which shows the relationship between housingsremd four of our mobility
indicators in 2001. The data on average rents pameration district was extracted from
CML (2009a, part \A? and consists of 10 classes ranked in ascendirey.ofde calculate for
each district the difference in this rank and taekrof average dwelling size, extracted from
the census data and based on classes with thersani®er of observations as the classes of
rents. The chart shows the average of the fourcatdis for each rank difference. As
expected, districts with the lowest rank differeti@tween rents and dwelling size have the
highest indices of noise exposure around the neigiimod Noi_ar) and congestionQong
and the lowest indices of private and public tramspob accessibility APriv and APub.
Higher rank differences correspond to improvementshese indices only until a certain
level, above which the relationships change signemome weaker. This probably reflects the
influence of demand for office space in the aredh the highest concentration of business,
explaining the above-average levels of congestimhrmise in the areas with the highest rank
differences. These relationships suggest that -m#gghbourhood differences in some

dimensions of mobility are not always reflectedihbusing rents.

Figure 4.3: Housing rents and mobility indicators n Lisbon (2001)
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It is also difficult to assess the relative impadea of differences in preferences and
ability to pay for each single dimension of molilih the spatial sorting of social groups.
Households may choose neighbourhoods with a gikiaracteristic because of the value they
attach to it or simply because it is correlatechveihother characteristic that they value more.
This question is relevant in our case because wadfdhat changes in one dimension of
pedestrian mobility (exposure to noise) tend tadreelated with changes in private transport
accessibility. In Lisbon, improvements in noise @res correlate positively with
improvements in accessibility, while in the subuttes correlation is negative. The fact that
only the first case is associated with changesénqualifications structure of the population
may or may not be explained by differences in pesfees and ability to pay for local
environment quality. The results of Arsérab al. (2006) and Martinez and Viegas (2010)
confirm the hypothesis of self-selection of resiiBnocation choice in Lisbon and in the
suburbs respectively: individuals with higher masgivalues of local environmental quality
tend to live in areas with better environmentaldibons. A factor analysis of a survey of
household residential preferences has also fouat freferences over local environment
issues explain the highest part of differencesha sample [CML-DMPU 2004b p.96].
However, this factor includes noise pollution alsidg the availability of car parking spaces,
which suggests that issues of accessibility conteildo the formation of preferences over

local environmental quality.

We also need to consider the time scale of the thgpical adjustment between levels of
accessibility or pedestrian mobility and neighbaath composition. The housing market may
not capitalize immediately changes in neighbourhaittibutes. Household relocation
decisions are also restricted by imperfect inforamaaind moving costs. Usually, relocation is
only considered after a minimum threshold of hogdissatisfaction is reached. Therefore,
small variations in neighbourhoods’ attributes magt lead to neighbourhood social
recomposition within a relatively short period. T¢teanges observed within this period may
disguise the effect of processes operating atgetaemporal scale, as at a given moment,
some neighbourhoods will be at equilibrium and he transition. In that sense, the
restriction of our analysis to the relocation moeems in the last five years of the period
between censuses may not be a disadvantage, asafbety of the transport projects were
implemented in the first five years, allowing fosafficient time lag in order to observe their

effects on the spatial sorting of different groups.

A final aspect is that the indicators of accesgybdnd pedestrian mobility considered in
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our analysis measure levels of potential mobilty,they are attributes of places and not of
the population living in those places, who realidet potential to different degrees.
Individuals may respond to changes in accessihilitypedestrian mobility not by changing
their residence location but simply by changingirthevel of mobility, for example, by
changing their daily destinations or travel modEsr example, there is evidence that
residence location, employment location and commgutiecisions are jointly determined
[Van Ommeren 2000], with individuals balancing hiagsprices, wages and commuting
costs. Levels of pedestrian mobility also influetive probability of walking to work and the
number of total walking trips [Saelers$ al. 2003, Rodriguez and Joo 2004]. The spatial
sorting of social groups will then depend on diferes in their assessment of the “optimal”
levels of accessibility and pedestrian mobilitynsidering their prices (implicit in housing

prices) and the utility they derive from them.

Urban policies

Urban policies often restrict or influence the hehuslds location decisions, contributing
to the spatial sorting of the different groups. Esample, land use policies may reinforce the
social patterns of settlement in newly developeshgaranalysed in Section 3.4. In fact, the
separation between “high density” and “low densitgsidential areas in municipal master
plans leads to the homogeneity of the housing lmikach area and defines the structural
characteristics of the properties that are builnew urban land, including type of building,
size of dwellings, gardens and car parking. Thesgofs determine the socio-economic
composition of the population who moves to the yesdveloped areas and may reinforce the
social distribution of levels of mobility, if diffences in the structural characteristics of the
properties correlate with the desirability of theighbourhoods in terms of accessibility or

pedestrian mobility.

The regeneration of run-down areas may have sireffacts on the spatial concentration
of some social groups and on the distribution ekle of mobility, if the policy involves
simultaneous changes in both housing and neighbodrhttributes. For example, in the case
of Lisbon, the rehabilitation of several neighbaotls in the historical areas involved the
restoration of old houses and a simultaneous ingmmant in pedestrian mobility through the
implementation of car traffic restriction policielgading to a significant reduction of the
proportion of low-income populations and racial orities [Salgueiro 1994, p.83, Mendes
2006].
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Household relocation may also be the direct efbéctrban policies, such as the clearance
of slum areas and rehousing of its population. &hgslicies may have an effect on the
overall distribution of levels of mobility acrodset different social classes, as they affect the
conditions of the most income-deprived sectionshef population. The clearance of a slum
area is often related to past or future improvesi@mthe accessibility of those areas, which
benefit the populations moving to the cleared amrasho live or move to areas nearby. At
the same time, the population of the slum may Heoused in locations with worse
accessibility and pedestrian mobility levels the slum areasviap 4.5 illustrates the effects
of slum clearance in two municipalities in the AMh.both cases, rehousing sites are isolated
from other population concentrations, thus haviogdr public transport accessibility and

poorer pedestrian mobility than the original looas of the population.

Map 4.5: Location of slums and rehousing sites
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Note: Location of slums in 1993 (Data from CET 1992 &M Seixal 2008). Main rehousing sites only.
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Conclusions and further considerations

The main question analysed in this chapter was lvenethanges in the location of the
different social groups are related to changeenattributes of the different neighbourhoods
in a city, comparing the role of several dimensiohs&ccessibility and pedestrian mobility.
We saw that private transport is the main driveneighbourhood recomposition, although
there are some differences between the cases oktiiml region (Lisbon) and the suburban
region. In Lisbon, changes in qualification leval® mainly associated with simultaneous
changes in private transport job accessibility emnpedestrian mobility; while in the suburbs,
public transport job accessibility and congestiom more relevant. In both areas, changes in
accessibility or pedestrian mobility do not haveodiceable impact on the distribution of age
groups. The development of new urban areas tendscdelerate the overall adjustment
process of individuals with different qualificatido differences in accessibility levels, as
individuals with high qualifications tend to setifethe areas offering better accessibility. The
associations between qualifications and pedesmability in newly developed areas are
relatively weak.

The main contribution of this analysis to the erigtliterature was the assessment of the
role of pedestrian mobility in neighbourhood recasifion, when included in models
controlling for accessibility and changes in otimeighbourhood attributes. The change in
community severance and exposure to noise for fréafes are significant in the explanation
of the probability of neighbourhood recompositiarhile exposure to noise is also related to
the change in the qualification levels in the nbmgrhoods where that change is more
relevant. Another contribution to existing knowledgs the confirmation that the spatial
variability in the effects of mobility on househdtatation already tested for other dimensions
of mobility also applies in the case of the aspetisedestrian mobility that are restricted by
motorized transport. As pointed above, the role toése aspects in neighbourhood
recomposition in Lisbon and in the suburbs diffeomsiderably, while the analysis of the
patterns of settlement in newly developed areas stiews differences among municipalities
with different levels of centrality. The procesdkat contribute for the adjustment of social
groups to changes in pedestrian mobility then dpearadifferent subsets of the metropolitan
area and are felt at different spatial scales. Téssilt confirms the necessity of attending to
the spatial scale of public polices that addressjualities in the distribution of pedestrian
mobility.
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There are some caveats to the analysis that arth woting. The reliance on area-based
data prevents the modelling of households’ locatitetisions as an economic problem,
considering the available choice set of neighboodlso the price of each neighbourhood
attribute (as reflected in housing prices or rewats)l the balance between preferences and
budget restrictions. In addition, households’ lamatdecisions do not depend only on
neighbourhood attributes but also on the structcinaracteristics of the properties available
in the market. If these characteristics are notetated with neighbourhood attributes, they
have to be considered as an additional elemenhenniodelling of location decisions.
Relocation also depends on the characteristichkefpbpulation, including age and personal
factors such as life situations, number of workershe household, lifestyles and general

preferences over living in centres or suburbs @r dlve use of transport modes.

The role of location is in itself complex. Neighlbbaod characteristics that were omitted
in our models but may be relevant for househol@tioa include for example the quality of
local schools, crime and natural factors such amaté or slopes. Places are “composite
goods” with several characteristics and residemoation may be subject to hierarchical
choice decisions, the effect of which was not cagatin our analysis, which was based on
latent variables that are correlated with more thia@ characteristic. The main question left to
answer is therefore whether households choose dirétroad area in terms of a given
characteristic and then choose a particular neigtitmmd within that area based on another
characteristic. The analysis of this question wooddp to disentangle the role of private
transport accessibility and pedestrian mobilityhe spatial sorting of social groups, as they
integrate the same vector of neighbourhood changboth of our canonical correlation

models.

The analysis in this chapter provided a furtherausthnding of the distribution of the
local benefits and costs of transport in the AMamplementing the analysis of the first two
empirical chapters by considering alternative hlgpees for the relationships between
temporal changes in the variables of concern. Thalyais so far has not considered,
however, the implications of holding specific piples of distributive justice in face of the
actual alternatives and feasibility constraintsilate to the policy-maker at the moment of
planning new transport infrastructure or designiraffic policies. These aspects will be
considered in the following chapter.
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Chapter 5

Incorporating equity in transport planning

Empirical studies addressing issues of spatial tggmi transport usually assess the
distributive outcomes associated with a set ofgmtgjimplemented in the past. The objects of
distribution are the physical units of the effeofsthose projects, while the principles of
distribution are implicit in the specification andterpretation of the results of statistical
models. In most cases, the researcher is interasteé hypothesis of disadvantage of certain
groups identified as vulnerable or at disadvantageother spheres. The analysis then
compares the distribution of the effects betweease¢hgroups and the rest of the population.
This approach differs from the methods commonlydulsg policy-makers at the planning
stage, which are project-based and as such doeuwassarily integrate concerns on broad

societal issues such as equity.

Unlike in the study of overall patterns of ineqtiglithe integration of equity in project
assessment must make explicit judgements aboudistigbution of different effects among
different groups. There are trade-offs betweenritigive outcomes, as advantages for one
group in the distribution of one effect may commasdisadvantages in the distribution of
another. There is also a need to define the exenhich the achievement of one distributive
outcome compensates for losses in efficiency, ihathe variation of welfare across the
population affected by the project. A positive effen the welfare of one group may not be
socially desirable, if it implies a disproportioeategative effect on the welfare of another
group. In sum, project evaluation requires the ftifieation of principles of distribution and

their incorporation of these principles into a meaf the social value of the project.

The identification of society’s views on distribgi justice can be inferred from surveys
to the public [Atkinsonet al. 2000] or from previous choices made by the potraker
[Brent 1979, Nellthorp and Mackie 2000]. The théioed implications of using different
principles of distributive justice have been exteely discussed in the transport literature
[Khisty 1996, Church 2001, Litman 2011], while aging number of empirical applications
have analysed specific transport policies. Thexditure is briefly reviewed in Section 5.1 of

this chapter. In general, equity concerns have beeorporated in project assessment by
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using inequality indices or by attaching distrilbatl weights to the effects of the project on
different social groups within a measure of theralleet benefit of the project.

One common hypothesis of existing work is that gebjevaluation does not separate
social judgements on distributive issues and onfarelvaluatiori®. However, transport
projects are composite goods, whose componentst affgividual welfare in different ways
and to which society may assign a different “vabtfi@ise”. Project evaluation then depends
on judgements regarding the value of those compendime use of money as a common
measurement unit allows for a single judgement ,omihe one implicit in the set of
assumptions of the methods used to translate wetfaanges into money, which are usually
based on the individuals’ stated or revealed pesiezs. The consideration of the implications
of using alternative valuation methods is especialevant for issues of pedestrian mobility,
because there is little available evidence on inetary value and because needs for

pedestrian mobility are often unrecognized.

The main objective of this chapter is to add tovimes knowledge by analysing the
implications on project evaluation of holding diéat views not only on distribution but also
on valuation. This involves testing different asgtions on the trade-offs that have been
analysed throughout this thesis: between the welddrdifferent social groups and between
welfare associated with accessibility and with #d@n mobility. These assumptions respect
the degree of attention towards vulnerable grougisthe relative value of use of accessibility
and pedestrian mobility. We analyse this questmmtivo types of project evaluation: the
determination of the optimal alignment of a newddiak and the assessment of the social
desirability of traffic restriction policies, usings case studies two recent proposals in the

Lisbon Metropolitan Area.

In the first case study (Section 5.2), we includenmunity severance as a factor of cost
in the choice over the best route alignment forew moad in the west corridor of access to
Lisbon. We test alternative assumptions about takiev of community severance when
compared with the financial cost of the projectd aabout the aggregation of changes in
community severance across areas with populatiatis different qualification levels. The
method used is to find the optimal route for diéfer values of two parameters, one

converting community severance into monetary uaitsl another defining distributional

39 While evaluation means the comparison of the isalanerits of alternative states of affairs, valomtefers to

the comparison of different objects in terms obaenmon unit of measurement.
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weights, which are attached to changes in commugatierance affecting populations with

low qualifications.

In the second case study (Section 5.3), we anahgsérade-offs between valuations of
changes in time to work and pedestrian exposurise and evaluations of the respective
redistributive effects, in the context of traffiestriction measures in Lisbon city centre. We
test alternative assumptions about the relativeevalf the two types of changes and about
their aggregation across areas with populationk different age structures and qualification
levels. The approach is to compute the combinatminthree parameters that produce a
positive net value for the project. One parametanverts changes in time to work and
changes in noise exposures into the same unitrendther two define distributional weights,
attached to changes in time to work for populatieith low qualifications and to changes in

noise exposures for the elderly or for populatisith low qualifications.

Our second contribution to existing knowledge ig thnalysis of the compatibility
between the assessment of projects based on distalrriteria and the assessment made by
a policy-maker who attends to his own politicaleneists. Empirical studies have proved the
influence of political factors in transport polifgoschken 1998, Castells and Solé-Ollé 2005]
and in environment policy [Brooks and Sethi 199&rrhart 2004]. These studies tested the
existence of political bias by analysing patternisiag from a series of past decisions. We
add to this literature by exploring the implicasonf political bias in the evaluation of
individual transport projects. The objective isdompare socially and politically optimal
decisions, for different possibilities about thgdeand nature of political bias. We reassess
the two case studies, assuming that distributiomaights are attached according to the
political characteristics of the populations aféetby the project, comparing the results with
the ones obtained when weights are attached aogptditheir vulnerability. This topic is

developed in Section 5.4.

The goal of the analysis is not to assess in detiilthe factors involved in the
construction of transport infrastructure and in thaluation of transport policies, but to
assess the effects of holding alternative viewsthan distribution of different effects on
different groups of concern. The genesis of the pmajects chosen as case studies is near the
last population census (2001). As such, the asssgsmill refer to a hypothetical moment of
decision in 2001, considering the spatial distifruiof the population as given by the census
data and the future transport network as figuredhm national road plan and municipal

master plans that were in effect in that year.
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5.1. Equity concerns and transport appraisal

In this thesis, we are concerned about issueswfyegegarding the relationships between
the location of social groups and the spatial ihistron of the positive and negative effects of
urban transport. A simple way to include these eame in the appraisal of transport projects
is to disaggregate those effects according todb&kgroups affected. In the case of the local
environmental effects, this assessment involvesdietification of the areas affected by the
project and the estimation of the socio-economiara&tteristics of its population. These
characteristics can then be compared with non4iaffieareas, with the city average or with the
population potentially affected by alternative pwsgls. This methodology, with roots on the
work of Wadderet al. (1976), has been widely used since it was addpt€alS-based data
and procedures [Chakrabory al. 1999, Chakraborty 2006]. A similar overlay methezth
be used to analyse the distribution of other locakts and benefits of the project
[Forkenbrock and Sheeley 2004].

The information obtained with these methods cam the analysed alongside efficiency
and other evaluation criteria. Equity concernsaten measured through inequality indices,
such as the coefficient of variation and the GiniTbeil indices, and used as a criterion to
compare different scenarios for a project. Thesasmes can be applied to the distribution of
“physical units” of the effects of the project [Miar et al. 2010] or to the distribution of
changes in the welfare of the affected individyilaruyama and Sumalee 2007].

Inequality indices can also be included in the falation of transport projects and
policies, as an objective function or as a constrea optimization procedures. The analysis
can then compare the results obtained with theiagimn of different principles of equity.
Santoset al. (2008) studied the case of optimal network desgmparing networks that
attend to levels of accessibility in low-accesdipibreas and networks that attend to the
inequality in the distribution of accessibility ass all areas or across areas in the same
region. Duthie and Waller (2007) approached the esapmoblem using alternative
environmental justice measures. Similar methods Haaen developed for the analysis of
other transport policies. For example, Hay (1998jnpared the application of different
principles of equity in the determination of optimk@vels of public transport provision in
each area, while Sumalest al. (2005) compared the optimal location for road ipgc

cordons, when considering efficiency criteria watid without equity constraints.
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The limitations of using inequality indices in thgsessment of the distribution of the
effects of transport projects are that these iredae independent of the magnitude of the
effects and of the characteristics of the individwfected, preventing the analysis of equity
concerns that may be attached to these aspeclieknative is to use measures of the social
value of the project, which aggregate the effectess all individuals. We can then address
issues of equity by assigning weights to the eff@ftthe project on different social groups.
These weights may also depend on the magnitudeeoéffect, relative to initial levels or to
some standard. The problem becomes complex, howavethe cases where there are
multiple effects, as they need to be made comparaby using a common unit of
measurement. The assignment of distributional wesigh then a subjective process, as it
makes assumptions not only about the specificatibrthe weights but also about the

guantities to which these weights are attached.

A usual procedure is to assume that individualg@&ienal decision-makers and that their
choices in the market place reveal their preferenééelfare changes are then measured in
monetary units and expressed in terms of willingrtespay for a marginal unit of a market
good. A variety of methods has been devised toatalindividual preferences in the case of
the several intangible goods redistributed by partspolicies [Litman and Doherty 2009].
Welfare changes can then be treated as variatioriacome and integrated in a “social
welfare function” that aggregates the welfare éfiradividuals measured in monetary units.
This is the rationale of cost-benefit analysis, tiest common method for project assessment.
The social welfare function may integrate distriboél weights, which measure society’s
marginal valuation of the welfare of individuals tlwi different characteristics. The
specification of the function usually includes amkmown parameter measuring society’s
degree of inequality aversion, the implicationswdfich are studied by sensitivity analyses.
This approach has been mainly used in the studiieoflistributive impacts of road pricing
policies [Mayeres 2001, Sury al. 2007, Ramjerdet al. 2008].

The problem of using monetary units is that if veeept that income has a diminishing
marginal utility, then willingness to pay will depe not only on individual preferences but
also on ability to pay, and the valuation will baded towards the preferences of individuals
with higher income. One solution to this problentasttach weights to the willingness to pay
of each individual, in order to arrive at a morewate measure of individual welfare. This
can be achieved by expressing weights as a decgeésiction of relative income levels,

corrected by the elasticity of the marginal utilitiyincome [Pearcet al. 2006, Ch.15]. Equity
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concerns or degrees of priority to the welfare @mhe groups will then be implicit on the
extent to which distributional weights go beyond treutralization of differences in ability to
pay [Hau 1987]. An alternative approach is to dttaeights not to willingness to pay but to
the physical units of the different effects of tin@nsport policy, for example as part of the
determination of their monetary values [Dodgson &apgham 1987]. This method allows for
the inclusion of separate judgments on the didiiobuof each effect, while still expressing

individual welfare in monetary units.

However, individual preferences may still dependsonio-economic status, even when
they are not expressed in monetary terms. Someogudrgue that preferences are partly
endogenous and determined by the social contexthtoh individuals adjust [Elster 1983].
In fact, issues of accessibility and local enviremtal quality are often unrecognized by
underprivileged groups [Luca al. 2001, p.34-35]. Qualification levels and socio+emmic
status also influence the levels of awareness aheutbealth effects of exposure to roadside
pollution and the perceptions that one’s commursitynduly exposed [Lerchet al. 2005].
Attention to these aspects requires valuation nusthihat are based not on individual
preferences but on social judgements on the vdluse of the different effects of transport
policies. For example, Talen (1998, 2003) suggastpatial need index” for measuring the
values of accessibility and pedestrian mobilitytteg local level. Another option is Multi-
Criteria Analysis (MCA), which assumes that theme multiple criteria to evaluate a state of
affairs. These criteria are assessed by a setrdfuaes not necessarily expressed in the same
units. The most comprehensive application using théthod is the Spartacus project [CEC
DG Xl 1998], which considers equity alongside atbbjectives in the evaluation of future
transport and land use scenarios. Although thitd fleas been expanding in terms of
methodology [Thomopoulost al. 2009], the emphasis has been on large-scale tensp
projects and on distributive issues at a regiomales not including local issues such as

pedestrian mobility.

In this chapter, we add to this discussion by asiaty the implications of holding
different perspectives both on the distributiorthed effects of a project across social groups
and on the valuation of those effects. We condidat society has preferences both on the
distribution of accessibility and pedestrian mapiland on the relative value of use of both
aspects. We then analyse the relationships bettheetwo sets of preferences, drawing from
the methods used in the previous literature. Waraeshat on societal preferences on values

of use are expressed in the conversion of “physicéls” of accessibility and pedestrian
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mobility into commensurate scales, while preferenéer distribution are expressed as
weights assigned to the effects on different grouplsin measures of the social value of the

project.

Our emphasis on the analysis of the implicationalt@rnative valuations is motivated by
the fact that there is little consensus on methiodsvaluate pedestrian mobility, due to
difficulties in the definition and measurement @nlefits and costs. Pedestrian mobility also
tend to be undervalued in transport planning, beeaus usually taken for granted by policy-
makers [Goodman and Tolley 2003] and because vatuatudies do not consider all the

relevant economic, social and environment aspété€illen 2010].

We assess distributive concerns based on the igntef vulnerability, considering
alternative hypothesis about the groups to whiclagsegn the vulnerable status and about the
degrees of attention to vulnerability. The concefpvulnerability is implicit in most of the
social exclusion and environmental justice literatuDelbosc and Currie (2011) stress for
example that the attention to vulnerable groupsuhbave priority over the correction of
overall patterns of inequality. While in the casktloe distribution of accessibility, the
assignment of the vulnerable status to individwath low-income or low qualification seems
consensual [Hine 2003, Lucas and Stanley 2009],ctee of pedestrian mobility merits
additional comments. The European Charter of Pedest Rights states that “children, the
elderly and the disabled have the right to expaenhs to be places of easy social contact and
not places that aggravate their inherent weakngssfopean Parliament 1988, Art.IlIl]. In
their study of community severance, Clatkal. (1991) defends a broader criterion, based on
the interaction of socio-economic, cultural and graphic factors. Vulnerable communities
then include not only areas with high proportiofi®lderly people but also areas with low-
income groups and racial minorities, who have speceeds and preferences and live in
close-knit communities often located in periphesigtas, resulting in a limited choice of
destinations they can access on foot. In the aisatysit follows, we then consider that
populations with low qualifications are vulneralttethe deterioration of both accessibility
and pedestrian mobility, while elderly people aunerable to the deterioration of pedestrian

mobility.
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5.2. Road planning

The objective of this section is to study the imalions of attending to the social
distribution of pedestrian mobility, in terms oktbptimal alignment of a new road and of the
relationships between efficiency and equity. Effi@y is assessed by the effects on several
elements of cost of the projects, while equityssessed by the distribution of the community
severance effects across population with diffeprdlification levels. The case study is a
proposal for a new road linking Lisbon with the thern part of the two municipalities to the
west (Cascais and Oeiras). This road is a projeuddéd and planned at the municipal level
and figures in the municipal master plans of bothnitipalities as Via Longitudinal
(Longitudinal Road). The purpose is to create a aewess corridor to Lisbon, improving the
accessibility of an area that lacks a clear netvadr&rterial roads and direct access to Lisbon
[Map 5.1]. The new road will also ease congestion on the iagighotorway crossing the
middle part of both municipalities and contribubeat more rational distribution of road traffic
at the entrance of Lisbon, when used in conjunctidh a future arterial road in the western
part of this city. One of the objectives of thejpnb is to increase spatial and social equity, as
there is a clear socio-economic and accessibilitide between the population in the areas
served by the new road and the population in tlested areas of the two municipalities, who
have gualification levels above the metropolitaerage and easy access to both motorway
and rail services to Lisbon.

The geographic context of théia Longitudinal simplifies the study of the trade-offs
between changes in accessibility and pedestrianlityadind the need to attend to more than
one group of concern. In fact, given the relativalgrrow corridor between the existing
motorway and the borders of the two municipaliteasd the fact that the new road (not being
a limited-access motorway) will be connected toeaisting and future transversal links,
differences in the road alignment will not haveubstantial impact on the distribution of
accessibility gains among each area. These gailhsd@pend mainly on levels of private
transport use. Furthermore, while the region hapopulation that is substantially and
uniformly younger than the rest of the AML, qualdtion levels tend to be below average but
variable among the different communities. Givenséheharacteristics, the analysis can be
conducted considering the deterioration of pedastrnobility as the only redistributive
effect, and its incidence over low-qualified pogigdas as the only equity concern, according
to the vulnerability status discussed at the endhef last section. The specification of
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qualification levels uses the vector of variabfésderived from the factor analysis done in
Chapter 2.

Map 5.1: Case studyVia Longitudinal

F2 (Qualification)
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The effects on community severance are the motdldeiindicator of the costs of new
road in terms of pedestrian mobility, given the graphic context. In Chapter 2 (p.56), we
defined this indicator as the proportion of the ylapon-interaction potential in an
enumeration district's set of pedestrian destimestithat cannot be reached on the street
network unless crossing a barrier. In most sectidhse Via Longitudinal will not be a
physical barrier for the crossing of pedestrianewklver, as the main longitudinal arterial
road in the region, it will have multiple lanes amigh levels of traffic and average speeds,
limiting the mobility of pedestrians. In this past the metropolitan area, the concept of
community severance also captures a broad rangeal concerns about local mobility,
being an indicator not only of the effects of thewnroad on intra- or inter-community
interaction but also of the changes in the acciisgito local urban facilities. These concerns
apply not only to walking trips but also to tripg bicycle or local buses, as these trips will
suffer delays and will be associated with increaseddent risk and increased exposures to

noise and air pollution at the intersections wite hew road.

The use of community severance has also methodalogidvantages over other
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indicators of pedestrian mobility and local enviment quality, as it depends only on the
location of infrastructure and allows an unequivocdentification of the set of
neighbourhoods affected when the road crossesem giwint, as the new road will not cross
any pedestrian route more than dficeVe can calculate the effect on each neighbourlgyod
selecting all the routes that link the neighbourheeth its pedestrian destinations and that
cross that point. This information is then usedettimate the proportion of population-
interaction potential that those routes representthie set of all destinations of the
neighbourhood. The definition of pedestrian desitbms and their population-interaction

potential uses the methods presented in Chapted Aetailed in Appendices 2.3A and 2.4.

The objective is to find the route that minimizke social cost of the project, considering
the financial cost of construction and the costerms of community severance, on which
alternative distributive concerns apply. The inthcaof community severance in the “do-
nothing” option is close to zero in almost all riddgurhoods, including those close to
existing or planned motorways (See map in Apper@lixp.266). We can then ignore
perspectives of equity based on the distributiometdtive increments of costs and focus on
the absolute variation of the indicator and on eons about the priority assigned to the
vulnerable group. The social cost of the projec given point is defined as the sum of the
construction cost of the road in that poigjt énd the value of the severance effects across all

affected enumeration district (vhen the road crosses that point.

1
C, = S+VZ‘ P *ACS ; * Exp(—£* F2)

We assume that the cost of constructg)rdépends only on slopes, taken as proxy for the
construction of tunnels, viaducts or bridfeThe cost is defined as 1 when the slope is 0, and
increase 25% for each percentage increase in tpe'8l The value of the community
severance effects for the population living in @mumeration district is the increase in the

“° This property differs from the cases of exposwrensise (of individuals at home or walking aroute t
neighbourhood), whose estimation depends on futnaffic levels and on the dispersion patterns ofs@o
emitted from different sections of the road.

“ Watercourses are not included in the analysisjlasajor rivers in the region run transversely dage to be
crossed by all possible routes.

“2We arrive at this value by assuming that the ralignment of existing roads in the metropolitaaar
minimizes the financial cost of construction. Wenhestimate the slope-weighted shortest routethéowhole

set of arterial roads and motorways in the AML gdilifferent weight values and identify the weightue that
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severance indicatodCS;), weighted by the district populatid® and by an exponential
function of the qualifications factoi~2) and an unobservable parametemeasuring the
degree of priority assigned to the areas whereiftpadions are below average. The value of
the parametev converts community severance costs to the sante amithe financial cost of
construction of the road in one point. This paranetflects society’s views on the value of
use of pedestrian mobility, irrespectively of theup affected. The highest the valuevpthe
lowest is the value of the community severance iative to the financial cost. We assume
that society’s valuation of community severancelingar on its variations and that the

distribution of the effects within each districtiiselevant.

The weight structure is defined asymmetricallyit @s not applied to the populations with
qualifications above average (that is;0 when F2>0)*. This assumes that community
severance costs are always socially relevant hisitélevance increases when costs are borne
by the less qualified populations, whom we consideinerable to losses in pedestrian
mobility. The use of an exponential function foe tdistributional weights means that the
degree of vulnerability increases more than praopoally as we consider populations with
qualifications farther from the mean. For a giveslue ofv, the utilitarian principle of
distribution is represented by the cas®, corresponding to the minimum sum of financial
costs and unweighted pedestrian costs. The hidigevadlue we assign tg the higher the
concern to the vulnerability of less qualified ptgiions, that is, the higher the costs assigned
to the community severance effects on the areabitdd by those populations. The analysis

is restricted to values efin the interval [0, Zf.

The approach followed is to test the sensitivitytled optimal route alignment to the
application of alternative judgements, implicit the pairs of values assigned to the
unobservable parametessandv. We compare the different routes in terms of theag
crossed and of statistics of several cost elemesiag as a base of comparison the routes

found for the utilitarian case and the plannedepas figured in the municipal master plans.

yields the closest approximation to the actualesut

3 This factor refers to the metropolitan area and tothe set of the two municipalities. This meahat
qualification levels are assessed in relation tgemeral” standard, that of the metropolitan area.

“ Fore=2, a district with a level of qualifications one stiard deviation below the mean receives a weight of
7.39. As a reference, in the more familiar casewefghts based on relative incomes raised to a biaria
exponent, if we follow the suggestion of [Cowelda@ardiner 1999, p.33] of using -4 as the loweiitliior this

exponent, the weight of 7.39 would correspond tinaame level of around 60% of the mean income.
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We assume that the formulation of the latter did ke into account the level or the

distribution of community severance costs.

The estimation of the optimal routes uses Dijkstlaast-cost algorithm, implemented in
ArcGIS 9.2 Spatial Analyst. The routes link the timture junctions with the existing network
(given by the information in the municipal masté&rp and are calculated over a cost surface
modelled with GIS raster data with a resolutio®l@i. The problem is also bounded by a set

of constraints regarding the feasibility of each icethe surfacgMap 5.2

Map 5.2: Elements for the estimation of optimal rotes
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The set of feasible areas is restricted to a corridased on the rationale of the project.
This corridor is defined by existing or planned oratay$>, except in the north part, where it
follows roughly the two municipalities’ bordeéfs The enumeration districts potentially
affected by the new road are the ones for whicleadt one pedestrian destination is only
reachable by crossing a point inside the relevaridor of analysis. We also assume that the
new road cannot cross a set of areas inside thi@l@grincluding theTires Aerodrome, the

5 The A16 motorway, which defines the western bowfethis corridor, opened in 2009. It is includedthe
analysis because it figured in the National Roah i effect in 2001 (our hypothetical moment ofidn for
theVia Longitudinal)

“®In the cases where the municipality borders ase tile limits of residential areas, we allow fog fossibility

of the new road to bypass those communities, argssieas north of the border.
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Taguspark’, and locations with cultural or environmental imjamice [IGP d2008]. Further

restrictions are imposed on residential areas,sti sites and major urban facilities, where
the road can only use the space already accommgdatierial roads. This condition implies
that in that space, the project corresponds touffgrade of existing roads and not to the
construction of a new road. We allow the same pd#giin the space occupied by the three
transversal motorways bordering or crossing tha,amhich is thus included in the feasible

space for the new road.

Map 5.3 shows the set of optimal routes afiglre 5.1 gives the pairs of values ferandv
that are associated with each route. In the middi#ion, all the estimated routes cross the
same area, about 1km to the north of the area emoby the project as planned. The
consideration of community severance is decisivéhia shift, as the routes cross through
vacant land, which does not imply the separationexfhbouring communities, unlike in the
case of the planned route. The role of differeduatton and distributive concerns is only
relevant in the sections close to the two extrewiatp, with three different routes found in

each case.

In the eastern extreme, all utilitarian solutiotige (ones obtained fe=0) follow route A,
regardless of the valuation of community severanosts {¢). Small increases in the
distributional parameter lead to solution B, whishsimilar to solution A. For relatively
strong distributive concerns (high and high values assigned to community severdoge (
V), the route appears slightly to the south (solut), using the same space as the planned

route and avoiding a highly populated and low-digdicommunity in the southeast extreme.

In the western extreme, each value of the disiobat parameter is associated with two
solutions, depending on the valuation parametee. Uthitarian solutions (solutions 1 and 3)
use the space of the planned A16 motorway, whicpli@® a lower number of affected
neighbourhoods, as there are only a few neighbaadon the other side of the motorway
(SeeMap 5.1). As in the case of the eastern extreme, a sbifh the utilitarian solutions leads
to a route similar to the planned project (solut@nHowever, comparing with that case, the
shift is achieved for smaller values of the disitibnal parameter, but requires a higher value

assigned to community severance.

" The first sections of this office park opened @93. This area could accommodate the new roadyiben its
economic importance, it seems unlikely that plaostiie new road (as devised in 2001) could have teaa

reformulation of existing built-up areas or to cgas in plans for developing the remaining aredkerpark.
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Map 5.3: Pedestrian-optimal solutions for theVia Longitudinal
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— Planned route
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The differences between the optimal routes carsbessed by statistics of their aggregate
costs and of the distribution of those costs. Hfiedide ofTable 5.1gives the slope-weighted
length of the routes, the aggregate sum of the aamtynseverance effect across the region
(weighted by population), and the average of thalifications factor E2) in the districts of
the region (weighted by their population and bytheerance effect). All the estimated routes
have longer slope-weighted lengths but lower senxceraffects than the planned route, given
the slight detour to the north to cross the leagiupated corridor in the region. While the
effects of the planned route are almost neutralenms of the qualification levels of the
affected population (average of -0.07 for th2 factor), in all sections of the estimated
projects, apart from section “C”, the effect is g in areas with less-qualified populations
(average of-2 below 0). This aspect reveals a gap between atigmo proportionality in the
distribution of the severance effects (which letmishe planned route) and attending to the
aggregate sum of the effect (which leads to onsuofestimated routes). The difference arises
in this case because the middle sections of thenpthand the estimated routes cross through
different corridors, since at the two extremesplaned route is similar to the options with
the strongest distributive concern. These diffeesnzetween attending to proportions and to
aggregate effects also add empirical evidence itogaphical doubts regarding the legitimacy
of the proportionality criterion in the distributief local environmental costs [Perhac 1999].

Table 5.1: Pedestrian-optimal solutions: Elementsfa@ost

Endogenous Exogenous
Lengthx  Pop x F2 Time gain Land use (%)
Slope ComSev  w.avg. w.avg. | Built Agric. Ecol.
1 7359.3 2391.8 -0.46 0.13 10.2 3.9 6|7
West section 2 7996.6 2783.2 -0.33 0.14 36.2 96 349
2 3 6570.2 2502.9 -0.44 0.12 132 3.9 19.8
o
'§ Middle 19386.8 1410.4 -0.49 0.25 2.4 2.8 13.8
" A 10524.6 3621.0 -0.72 0.03 18.6 0 4.1
East section B 10299.7 4835.0 -0.41 0.03 24.0 0 4)0
C 9434.2 10699.2 0.26 0.08 54.4 0 131
Min | 35391.1  7423.1 -0.67 0.09 8.4 2.3 9.6
2 , [C3] [A1] [A1] [B3] [A1] [B1] [B1]
g | Estimated routes
o) Max | 37683 14892.8 0.08 0.11 225 3.8 188
a [B2] [C2] [C2] [C2] [C2] [C2] [C2]
Planned route 33661.1  18209.9 -0.07 0.14 254 16.7 242

The qualifications profile of the severance effeatseach route is shown ifigure 5.2

which plots the average value of the qualificatitaxdor ¢2) for each value of the severance
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effect. The redistributive effect of including etyuconcerns in the project depends mainly on
the road alignment in the eastern extreme. Only@igrojects and the planned route have a
profile that can be described as “progressive” t(tlsa severance effects rising with
qualification levels). However, we can make diffdgrénterpretations of the equity in the
distribution of the severance effect, dependingtlmn value of the effect we define as the
acceptable minimum standard. For example, bothpg@jects imply that the highest levels of
severance (when the new road blocks more than 50%he walking potential of a
neighbourhood) will affect the districts one stamddeviation below the qualifications mean

(right side of first plot).

Figure 5.2: Community severance effects of estimateoutes: Qualifications profile
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While the benefits in terms of increased accessildid not enter the estimation of the
optimal route, we can use information on their ridbstion as a criterion to assess the
suitability of the routes obtained. The principledastribution implicit in this assessment is
that the allocation of costs should be consistatit the allocation of benefits of the project.
We identify accessibility benefits as the gainghe average time to work for the workers
living in each district, using the methods desdtiloe Chapter 2 (p.44) to compare the initial
value (in 2001) with the value obtained when addimg new link to the private transport

network?®

. The middle column ofable 5.1 givesthe average of the estimated time gains (in
minutes) in the districts of the region, weightey their working population and by the
community severance effect. The highest value tained for the planned route. Within the

set of estimated routes, the differences are slight

Figure 5.3shows the benefits profile of the distribution ef/erance costs of the different

“8\We suppose that bus services will not use the read. This hypothesis is based on the analysihef t

existing bus network in the region, as there arg f@wv services using the existing motorway.
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0.3

0.2

0.1

routes, plotting the average time gains in digrieith different values for the severance
effect. The plots resemble the ones obtained f@mtnalifications profile presented figure

5.2, & time gains and qualification levels are indingctlated via income level and private
car use. The three plots efgure 5.3 are also slightly similar among themselves, as they
represent differences in the three options forethgtern extreme, where time gains are small.
The principle of distribution of costs accordingaenefit is only perceptible in the case of the
planned route. The “C” projects are relatively maltn contrast, in the “A” and “B” projects,
the highest severance costs will be borne by ptipnkhaving the lowest benefits (right side
of the plots). The preference for the option “C’eoVA” and “B” will then be associated not
only with a distribution of severance costs moreotaable to the less-qualified groups (as
seen inFigure 5.2) but also with a distribution of costs that is notonsistent with the

distribution of benefits.

Figure 5.3: Community severance effects of estimateoutes: Allocation of time gains
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The relative merits of each option can also besagskby statistics of cost elements that
were not included in the determination of the opfimoutes (right side ofable 5.1). The first
column gives the percentage of road length on-opiltand, which is an indicator of the local
environmental cost in terms of pollution exposumesociated with increased traffic levéls
The other columns give the percentage of road teogtland mapped in municipal master
plans as areas with agricultural potential or stibj@ environmental protection. These
indicators assess the economic and ecological tppty costs of the new road. The analysis
of these statistics shows that the planned routs ashigher percentage of all three types of

land use, when comparing with the estimated roéthin the set of estimated routes, the

“9 This statistic is also an indicator of construatist savings, given the constraint placed orctbesing of
built-up areas, which implies the reformulationexisting roads in detriment of the more expensigéon of

building a new road.
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highest costs occur for the utilitariad1) and “quasi-utilitarian” B1) solutions that are

obtained with high relative values attached to camity severance (low value for the
parameter). In other words, a project with (distributionatheutral) concerns for pedestrian
mobility contributes to savings in the environmérda opportunity costs associated with
project. In contrast, attending to both pedestnawbility effects and distributive concerns
(low v and highe) leads to the highest land use costs (prapyt

These conclusions are relevant for road infragtinegblanning in other semi-rural regions
that are similarly heterogeneous in types of laselsuand in the socio-economic structure of
the different neighbourhoods. We showed that thezdrade-offs between the attention to the
social distribution of the severance effect and @abbhievement of other objectives, related
with the aggregate level of the effect and witheotnvironmental and economic costs. The
implications of holding different views on the valof community severance also depend on
the level of fragmentation of the residential aresmsl on the spatial distribution of the
different groups. In our study area, the inhabiéeeas in the eastern region are relatively
dispersed and their population is diverse in tewhsqualifications. In this case, route
alignments are sensitive to the distributional peater, because there is a wide set of options
regarding the areas crossed and the charactemdtit® affected populations. However, the
alignment is not sensitive to the valuation paraméiecause options with lower financial
costs (assessed by the road length) have consigdraiher aggregate severance costs, a
trade-off that neutralizes variations in the valmatparameter. In the western region, the
vacant areas are narrow and the qualification $eaed relatively homogeneous. In this case,
the alignment is less sensitive to the distribalgrarameter than in the eastern region, as the
set of options is small. However, the alignmentsé&nsitive to the valuation parameter,
because options with lower aggregate severance taste also lower financial costs. As
such, shifts in the optimal route alignment onlgurcwhen assuming different relative values

for the two types of costs.
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5.3. Traffic restriction

This section extends the case of the previousa@ebly relaxing some of its assumptions.
The objective is to estimate the impacts of aita#striction policy on the social distribution
of several dimensions of mobility (time to work agxposure to noise by pedestrians walking
around the neighbourhood and on the way to worlgragvseveral groups of concern (elderly
and low-qualified populations). We use the inforimaton the distribution of these impacts to
test the implications on the assessment of thecyslisocial value of holding different
assumptions about the degree of priority attacleth¢ groups of concern and about the

relative value of use of accessibility and pedastmobility.

Traffic restriction policies are limitations to tikennectivity or to the use of some links of
the road network by certain modes of transport. ddrecept of “area-wide traffic restriction”
refers to the case when a whole neighbourhoodosed! to car traffic or to all motorized
traffic, usually in city centres. The growing asyeiny between centres and suburbs has long
been identified as an urban planning issue [Badd®84]. Policies to improve environmental
guality and pedestrian mobility in central areadrads one aspect of that asymmetry, as the
local populations tend to be disproportionally esgubto road traffic’'s negative effects, due to
higher reliance on walking and to exposures to higffic levels. This aspect is especially
relevant in continental Europe, where city centrage a high proportion of elderly and low-
income populations. Traffic restriction can therefancrease the equity in the distribution of
space between car users and pedestrians and addeesweds of individuals who are
vulnerable to the deterioration of pedestrian nighilThe measures can also affect positively
the pedestrian mobility of people living in otheeas but walking in the centre on their way
to work or to shops and urban facilities.

Proposals for the application of these policiesehbad prominent place in the political
agenda in the Lisbon Metropolitan Area, but haveyverely progressed beyond the
discussion stage. The two exceptions are the eyre of Almada in the South Bank and
some of the old neighbourhoods in Lisbon. The taluwe in the application of traffic
restriction measures is linked to doubts on theneadf its distributive effects and on their
effectiveness in reducing traffic levels and iniaemg other objectives. In fact, car users
may respond to the policy by reducing the numberip$, choosing other transport modes or
using alternative routes. There is a welfare lossli cases, either in terms of unfulfilled

preferences or in the time lost using longer or encongested routes. Furthermore, if bus
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traffic is also restricted, the policy may affeegsmtoportionately the accessibility of public
transport users, due to the increase in interchange or to the reduction in the available
options. The effectiveness of the policy in decregpsraffic-related problems at the city scale
is also open to debate, due to the changes inistrgbdtion of traffic and to the increase in
car parking space or cruising for parking at theges of the restricted areas. These changes
may lead to an increase of traffic levels and cetige and contribute to the deterioration of
the local environmental conditions of residents aodkers in those areas. Finally, the nature
of the effects of the policy on retail business @&miployment in the affected areas is also

subject to controversy.

Our analysis focus on a traffic restriction polipyoposed for the Lisbon city centre
(Baixa). The traffic-related problems in this area arisem Lisbon’s radial structure, as
economic activity, employment and urban facilitee® concentrated along two radial axes
emanating from the city centre. This is aggravabsd large traffic flows from other
municipalities, which use a radial road network \@rging in Lisbon. The city centre is
therefore crossed by a large volume of private @glic transport traffic. This area has been
steadily losing residents, while the densely pajalaand built-up neighbourhoods around it
are inhabited by a rapidly ageing population. Trapsprepared for the revision of the Lisbon
Municipal Master Plan reveals that tBaixais a collection of superlatives within the set of
Lisbon’s neighbourhoods: highest ratio of workessrésidents, second highest number of
jobs and retail businesses, highest proportioracamt dwellings, origin or destination for the
second highest number of trips, destination forhtighest proportions of both non-work trips
and public transport trips and highest number cfeBuper hour at both peak and off-peak
times. The main squaré&érreiro do Pacdis also one of the links with the highest conigest
indices [CML-DMPU 2004a, p. 28-30, 51-52, 63-64, 88, 103, 156].

The proposal for restricting traffic in this areashsuffered several modifications over the
years. In the analysis that follows, we use thesivar contained in CML (2009b), which is
described irvap 5.4. While the policy only restricts the connectivdf/a couple of links, this
ensures that car traffic will not be able to cridss city centre lengthwise or use the arterial
road on the waterfront that currently links westarl eastern parts of the etyAccess to
the old neighbourhoods bordering the city centrstils possible (yellow links), while public
transport routes remain largely unchanged. Thepdi implemented in conjunction with the

0 As a response to protests, in later versions efpiblicy, the waterfront side of the main squaredslonger
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increase of parking space, so that access to tyheeamtre itself is still possible for car users.
The main question lies therefore on the effectshef policy for users crossing the area to
access other destinations, and on the politicalsamihl legitimacy of forcing these users to
find alternatives. The proportion of crossing tiatias been one of the points of contention
between the municipality and the automobile loblhich have presented traffic studies
where crossing traffic is estimated at respectivél$o and 35% of all traffic [CML 2008,
CESUR 2009]. The right side of the map shows thetatternatives for this traffic are a series
of circular itineraries, some of which are stilltae planning stage (dashed). However, the
existing circular roads are some of the most caegesoad links in Lisbon [CML-DMPU
2004a, p.103], while in the hilly, densely consteacareas closer to the river there are no
viable alternatives. The motivation for our anadys to add to this debate by studying the
effects of the policy among different age and s@w@onomic groups, focus on aspects of
pedestrian mobility. These aspects are subjacetftetpolicy’s objectives but have not been
assessed quantitatively.

Map 5.4: Case studyLisbon City Centre Traffic Circulation Plan
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We compare the scenario in 2001 (genesis of tls Wiersion of the policy) with a
hypothetical scenario after the policy is impleneehtwhere the spatial distribution of the
population is given by the 2001 Population Cenbusthe private transport network does not
contain the restricted streets. We assume thgbub&c transport network is not affected by
the policy. We use the methods described in Appe@dind Chapter 2 to derive the changes
in traffic levels and the changes in the indicatafr§ime to work and pedestrian exposures to
noise at the enumeration district level. We rereste car traffic levels that correspond to
commuters by computing the fastest routes on tlinvater transport network from every
enumeration district to every centre of employmi@nthe metropolitan area. The resulting
traffic levels are assigned to each link of thewwgk. Private transport trips with other
purposes are also re-estimated and the resul@ffictflows are added to commuting traffic.
In the cases where the final destination is the egtre, the trips are restricted to end at one
of the existing or proposed car parks, forcing tbst of the trip to be made on foot. The
traffic levels are used to compute congestion anslenevels. This information is then used to
estimate average time to work and pedestrian reipesures around the neighbourhood and
on the way to work. For each district, we comp#e talues of these indicators obtained in

the 2001 and in the scenarios after the policypnigléemented.

Map 5.5 shows the effects of the policy on the averageosue to noise for pedestrians
walking around the neighbourhood. With a few exie®, the effects of the policy are
limited to the districts within the municipality kers. However, these effects are spread
throughout the city and are higher in districts ffam the area of application of the policy.
We assume that private transport users react tpdley by choosing the fastest route to their
destinations under the new conditions, not by isigffto public transport. The effects of the
policy on local environmental conditions then dapen the reassignment of the traffic to the
alternatives routes. In this case, the distributbmpositive and negative effects is explained
by the shift from using local roads to arteriatcalar roads or motorways. The area with the
highest change in noise exposures is the Eastem (darvila), which as we mentioned in
Chapter 2, is also a relative disadvantage in teshaccessibility (p.46) and is one of the

areas with lowest qualification levels in Lisbmap 2.1].
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Map 5.5: Effects of the circulation plan on exposu to noise around the neighbourhood
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The effects of the policy in average time to workl aoise exposure on the way to work
are distributed throughout the metropolitan gk 5.6]. The distribution of the first type of
effects depends on changes in the routes takemivtg transport commuters to Lisbon and
on changes in congestion levels. The distributibthe second type of effects depends on
changes in noise levels in the area of applicabibthe policy and in other areas, as we are
assuming that individuals are exposed to noise wiheywait or walk to stops and stations.

The map shows the differences in the spatial pettilowed by the two types of effects.
Outside Lisbon, the increase in time to work aBeitte high-income municipalities in the
West corridor and in the south bank, given the éidavels of car use and the limitations that
the policy poses on the access to the eastermphaigdbon from those areas, by restricting the
connectivity of the road along the waterfront. Wiitetcomes to exposures to noise on the way
to work, there are both losers and winners. Theéorare the population living in districts in
Lisbon where noise exposures around the neighbodrlatso increases, as the increase of
traffic levels affects noise levels on the pedastrioutes from homes to bus stops. The
winners are populations who rely on public transpamd use the city centre as final
destination or as interchange. This is especiakydase of the middle peninsula in the South
Bank, where due to the reliance on ferry serviedlspublic transport users accessing the
North Bank need to interchange at the Lisbon fegrgninal in the city centre. This peninsula

is also one of the most economically disadvantaggobns in the metropolitan area.
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Map 5.6: Effects of circulation plan on commuterswell-being
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The distribution of the effects in Lisbon accorditgsocial groups is given ikap 5.7.

The maps are the result of the overlay of the &ffemn noise exposures around the
neighbourhood (negative or positive), increasermetto work (below or above the Lisbon
mean) and the distribution of tikd (Age) andF2 (Qualifications) factors obtained in Chapter
2 (classified here as above or below the Lisbonmhéghe districts where the noise exposure
changed only slightly (<0.03 in absolute value) ac¢ depicted. Adopting a principle of
distribution based on vulnerability, a desirablstialbution would minimize the time losses
falling on the less qualified populations and mazxenthe environmental benefits received
either by elderly populations or less qualified plagions. There is no evidence that the
policy meets the first criterion, as the higheshei losses (blue or brown) occur in
neighbourhoods with qualifications both above aetblw average. The same can be said
regarding decreased noise exposures (green ang whieh are evenly distributed according
to age and qualification levels. On the other hamcteased noise exposures (rose and brown)
occur mainly in neighbourhoods with younger ageicitmres and apart from the already
mentioned eastern neighbourhood Mérvila, tend to affect areas with relatively high
qualifications. Attention to vulnerability appedherefore only at the level of the distribution
of the unintended side effects of the policy (theréase in noise exposures in some areas), on
which other criteria can apply, such as the legitignof imposing costs on those areas in

order to achieve what are symmetrical benefitsidisee.
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Map 5.7: Social distribution of the effects of theCirculation Plan in Lisbon

+
++

v v -
>
a. = o +
++

“'_.%3:*;;{ ’?wg}h s ++

Ty -

ERENE

X
c?(;',
|
B

[ N N N

++

We now use the distributional information analysdibve to address the question of
whether the policy has social value. This assessdepends on the way we compare changes
in the two kinds of mobility (accessibility to plke& of work, as measured by time to work;
and pedestrian mobility, as measured by pedesto&ge exposures) and the priority assigned
to each group of concern. In practice, this comesg to the conversion of both types of
changes to a commensurate scale and to the assigmhelistributional weights in the
aggregation of both changes across the affected.avée assume that elderly populations are
vulnerable in terms of pedestrian exposure to neigking around the neighbourhood and
less qualified populations are vulnerable in teohshanges in time to work and pedestrian

exposure to noise walking around the neighbourloyazh the way to work.

We transform the changes in average time to wodkiarboth noise exposure indicators
into a linear scale using the score range procedhbeat is, expressing the deviation from a
given standard as a proportion of the maximum péssieviation. We assume that this
standard is the minimum value above which sociboukl start to care, while the maximum
deviation from the standard occurs when a changkenransport system raises the value of
the indicator from this standard to its maximumsibke value. For the case of exposure to
noise, this maximum is taken as 85 dB(A), whichthe case where all the pedestrian
destinations of a given district are reached oglydutes next to a busy motorway. In the case
of average time to work, we assume that the maxirfeasible value is 70 minutes, which
corresponds to the maximum value obtained in thenemation districts in the AML in the
hypothetical case that all private transport conarauin the district used only roads (not

motorways) to access their set of daily destinatiasmobserved in 2001.

The key for the analysis that follows is the fa@ttfor the case of exposure to noise there
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are relatively consensual standards, determinedyustientific procedures (assumed here to
be 55dB(A)), while for the average time to worke thefinition of a standard is subjective and
depends on the geographic context, political prewior ethical perspectives. Different
assumptions on the standard of average time to witrkhen imply different ways to convert
the changes in this indicator into the scale tBatised to assess changes in pedestrians’
exposure to noise. As such, those assumptionsedafinmplicit social trade-off between the
social value of changes in accessibility and pe@esmobility, that is, the degree to which
society considers that increases of accessibiitgpensate for increases in noise exposure for
the populations affected, independently of subsetgdestributional weights applied to both
type of changes. The higher the standard of timedik, the lower the value of changes in

time to work in relation with changes in noise esyn@s.

The social values of variations in exposure to e@itN;) and time to workATim) at a
given districti are then given by the formulas below, whieres the standard of time to work,
Ni andTim are the initial values and'j and Tim; are the values of the indicators after the
policy is implemented. The formula to valuate chesign noise exposure applies to

pedestrians walking around the neighbourhood ankingaon the way to work.

AN; ATim;
| Ny<55  N;>55 | Tim <L, Tim' >L,
N; <55 0 (N} — 55)/30 Timi<L, 0 (Tim’ — L)/(70-Ly)
N; >55/ (55- N;)/30 (N~ Ni)/30 Tim>Ly | (Le- Tim)/(70-L)  (Tim'i— Tim)/(70-L,)

The formulas below translate the judgments on twat value §\) of changes in the
three types of mobility. The changes in noise adothe neighbourhood4Nar) are first
weighted by the population in each distri€){ while changes in average time to work
(4Tim;) and noise on the way to workKNwk) are weighted by the working populatidg)(
An additional weight measures distributive concerfigis weight is defined in a similar
manner to the weights in the last section, but atlewing different parameters to apply to
changes in noise exposures and in time to workcandidering different alternatives for the
socio-economic groups defined as “vulnerablé;.and F; are the socio-economic factors
defining the group vulnerable to changes in exmodarnoise and time to work, while the
unobservable parametersande; measure society’s degree of priority for thosengjes. The
weights are defined asymmetrically, applying omthie values above (in the case of age) or

below the metropolitan average (in the case ofifiications). The cases @f=0 and&=0
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represent the utilitarian principle of justice apglto the separate distributions of each type of
mobility. Since the values of the changes varyhm interval [0, 1] and are multiplied by the

district’s population, its aggregation across stycgan be interpreted as the sum of “affected
population”, while distributive concerns act adatdrs of the terms of this sum in the cases

where the population is judged as vulnerable.

SV(ANar) =" R * ANar; * Exp(e, * F,)
i
SV(ANwi;) = D" E; * ANwk * Exp(e,, * F,)
i
SV(ATim ) = ) E; * ATim; * Exple, * Fy)
i

While a sensitivity analysis similar to the one dise the last section is theoretically
possible, it is of difficult illustration, as we V& three quantities whose aggregation into a
single index is a function of three unknown pararet(;, ¢ ande,). A more tractable
approach is to invert the problem by expressinguhlees of one of the parameters as a
function of the other two and assuming pair-wisatr@enships between the three quantities
expressing social value. The aggregate variatidneotse exposures are supposed to be
negative (as this is the main aim of the policyjjlerthe aggregate variation of time to work
is always positive (as the restriction of the netwimrces all commuters to use second-best
routes to work). The first two quantities can thenconsidered as social benefits, while the
third is a social cost. We assume that the polay $ocial value if it creates benefits in terms
of reduced exposures that are at least as greheaosts in terms of time losses. We relate
time to work and the two exposures separately. meéhod is to estimate for each pair of
values assigned to the distributional parameteende;, the minimum value of the standard
of time to workL; for which the net social value of the policy (bBtseminus cost) is
positive®’. As in the previous section, the analysis is i&swl to the values for the

distributional parameters in the interval [0, 2].

Following the rationale used in the last two chepteve compare the results obtained at
two spatial scales: the metropolitan area and tkban municipality. In the latter case, the
aggregation and weighting of costs and benefitimged to the enumeration districts in

Lisbon. We assign distributional weights to the rddes in time to work affecting the

*L This calculation is possible because except foy wmall values of the standards for time, thenestid

relationships between the social value of the pdied the value of the standard are monotonic asdiye.
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populations with lower-than-average qualificatioMhen changes in time to work are
compared with changes in noise exposures arouncheéighbourhood, we consider two
alternatives for the classes on whose changes taehathe distributional weights: elderly
populations and low-qualified populations. Whenrades in time to work are compared with
noise exposures on the way to work, the distrimatiaveights are attached to the changes in
the exposures of less-qualified populations. Tharé below reports the results of the three
cases, giving the minimum values of the standartineé to work that produces a positive

social value for the policy, for different combirmats of the distributional parameters.

Figure 5.4: Social evaluation of the standard of the to work for different weight structures
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In all cases, the value of the standard of timewtmrk depends positively on the
distributional parameter assigned to changes ia tonwork §;), a result that derives from the
type of weight structure we used. Since weightsaaggnmetrical and used only to inflate the
value of changes in time to work of the less gieijpopulations, increasing the weights will
decrease the net social worth of the project uneseelax the relative importance assigned to
changes in time to work, by increasing the valuk;of

A less obvious result is the difference in the gra$ obtained when we assume different
weight structures. In the cases of weights assigteednoise exposures around the
neighbourhood to elderly populations and exposoreshe way to work to low-qualified
populations, the standard of time to work has aateg relationship with the distributional
parameter assigned to changes in noise exposirén(the case of weights assigned to noise
exposures around the neighbourhood to low-qualfi@oulations, the relationship in positive.
In other words, starting from a “break-even” pasiti to decrease the priority to noise
exposures around the neighbourhood of elderly geopto exposures on the way to work of
low-qualified populations will render the projechdesirable unless we assume a higher
relative value to noise exposures comparing withetito work (that is, a highdr) In
contrast, we can decrease the social priority adngls in noise exposure around the
neighbourhood for less qualified populations whagsuming a lower relative value to noise
exposures (lowek;) and maintaining a positive social value for thejgct. These results
arise due to presence of “negative benefits” inapgregation of changes in exposure to noise
around the neighbourhood, since exposures increasome of the neighbourhoods in
Lisbon. As such, attaching a lower weight to anedhk low-qualified populations can result
in an increase in aggregate benefits if, in avertigese areas are more affected by exposure

increases than decreases.

Two further comments should be made regardingehelts inFigure 5.4. The first is that
the relative sensitivity of the standard of timeatork to the two distributional parameters is
different for the three weight structures. The ganty of the standard of time to work to the
values of the two distributional parameters is abgrsbly higher when weights are attached
to noise exposures around the neighbourhood oflglgepulations. The second comment
regards the fact that the evaluations in the carm@kkisbon always imply a lower value foy
for all pairs of weights on time to work and noesgosures around the neighbourhood, when
comparing with the metropolitan context. In contirake evaluations in Lisbon produce

higher values foL; for all pairs of weights on time to work and noesgosures on the way to
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work. The consideration of the distributive effedepicted in the previous maps reveals that
the two results in this paragraph are explainethiysame fact: changes in noise around the
neighbourhood are limited to a small set of neigithoods in Lisbon while changes in noise
on the way to work are more extensive, spreadimgutfhout the metropolitan area. The
implication of both results is that social judgertseon a policy’s worth are inseparable from
the spatial scale we are considering.

To sum up, the assessment of the distributive &ffefctraffic restriction policies depends
on two main factors. The first factor is the setrafle-offs that the policy-maker is prepared
to assume regarding the relative value of use ftérént types of mobility, the dimension of
pedestrian mobility that is object of concern ahne degree of priority to different groups of
concern. We saw that the relationships betweendemgree of priority to low-qualified
populations and the valuation of noise exposuresidferent when the focus is the exposure
around the neighbourhood and the exposure on tggavaork. In addition, the relationships
obtained when focusing on the same type of expes(aeound the neighbourhood) are
different when the groups of concern are the ejdanid the low-qualified populations. The
second factor influencing policy assessment isctmapatibility between the social trade-offs
and the spatial distribution of the effects of thdicy, especially the balance between the
characteristics of the populations living in theeas affected by the unintended negative
effects of the policy.
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5.4. The political economy of mobility

The political organizations responsible for transpdéanning have their own interests and
motivations, which are the aggregation of the ggé&s of its members. The pursuit of these
interests may lead to clashes with the social gtothe context of this chapter, this means
that a politically biased policy may lead to a sbdistribution of transport’s positive and
negative effects that is not consistent with sg&eeéquity concerns. This section will look
into the influence of party-political factors onagons regarding the location of transport
infrastructure and the evaluation of traffic regian policies. We reformulate the two case
studies of this chapter, by assuming that the peothaker considers its own “political pay-
off”, and then compare the optimal route alignmemd the distributional trade-offs of traffic

policies with the ones obtained in the previougieas.

In general, the application of public policies idbect to the interaction of three different
types of political structures: political partiespterest groups and social movement
organizations [Burstein and Linton 2002]. The pgplnakers’ decisions depend on their
assessment of potential electoral gains or lossésray be permeable to lobby pressures or
to social protest by the groups affected by thecgoHowever, some groups in society may
have little power to influence the policy-maker'sctsions. According to the “median voter
theorem” governments tend to follow the prefererafehie median voter [Black 1948] and if
preferences follow income, then public policieslwi biased towards the preferences of the
middle classes and not of minority, under-privilége vulnerable groups. At the level of
lobbying and protest, we can also argue that catpointerests with concentrated power
structures are more effective at organising thaalloommunities made up of a large number

of unconnected individuals, especially when thek laconomic resources [Olson 1965].

The influence of political factors is especiallyereant in the case of transport planning,
as there is an asymmetry between the political pafevell-organized lobbies, such as the
car industry, and the power of other potentiallyerasted parts, such as local business
organizations, residents’ associations, small enwrentalist groups and non-car users. For
example, Hillman (1997, p.72-77) argues that pedes and cyclists are systematically
discriminated against in public policy, at the lewé information gathering and decision-
making. Empirical studies have also proved theugrice of political factors on the regional
allocation of investments in transport infrastruetiCongleton and Bennett 1995, Castells
and Solé-Ollé 2005] and on decisions about investraed disinvestment in public transport
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infrastructure [Boschken 1998; Brent 1976, cite@rant 2006, p.56-58].

Political bias is also an issue in environmentaicyo For example, Camacho (1998,
p.18) argues that environmental inequalities abseause the governments depend on the
resources of upper-class groups and large busirtesmgirical studies also show that
differences in the communities’ political charatecs and especially in political power
(understood as the probability of local populatimisengaging in collective action) may
explain options taken in environmental policy amdthe location of pollution facilities
[Hamilton 1993, 1995, Brooks and Sethi 1997, Earnl2®04]. Lastly, individuals or
communities with higher socioeconomic status areenli&ely to take social action against
local noise pollution [Guski 1977, Miedema and \®@99], a pattern which may be partly

explained by the greater political potency of thgeaups.

The motivation for the study that follows is to ¢dloute to the literature on the role of
political aspects at the level of individual traogpprojects, as empirical work of these issues
in transport policy deals mostly with broad opticatsthe regional level, while studies in
environmental policy tend to focus on the locatminpoint sources of pollution. In the
specific case of Portugal, political factors haveen analysed in terms of municipal
expenditure and opportunistic political cycles [£@007], but the case of transport is under-
researched. Our approach is not to assess emlyiribal hypothesis of political bias, but to
assume that the propensity of a given policy-makenttend to his political interests is
variable and depends on several factors, measuwettheb political characteristics of the
populations affected by the projects and policiEse objective of our analysis is then to
assess the implications of different hypothesisuaitite nature of the political motivations of

the policy-maker.

The analysis relies on the results of a preliminsttydy to electoral data, which used
factor analysis to extract from elections data ataeof variables quantifying “political
payoff” for the municipal governments in the twogi@s of concern: the western
municipalities and Lisbon. The analysis is perfodnseparately for the two cases, yielding
different factor structures. The assumptions, nasthend results of this preliminary analysis

are described in Appendix 8.

The approach followed in this section was to ressdee two case studies assuming that
the policy-maker attaches weights on the changeacaessibility and pedestrian mobility

affecting the populations with high scores on tbétipgal factors, comparing the results with
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the previous sections, when weights were attacbete effects on low-qualified or elderly
populations. The comparison is possible becauge, $iocio-economic factors, political
factors are expressed in standard deviations fromera mean and so the distributional

weights are expressed in the same unit in botrscase
Vialongitudinal revisited: the party-political factors

This sub-section analyses the influence of polifigetors in the determination of the best
route alignment for th&/ia Longitudina) studied in Section 5.2. We assume that there is a
single policy-maker, that is, the same party isdimg the governments of the two
municipalities involvedThis policy-maker attends to three political fastofactorP1 is an
indicator of the relative importance of “Left-wingpters” in a given enumeration district,
while the symmetrical{P1) factor quantifies “Right-wing voters’P2 is a measure of the
local population’s interest in the political prose®3 is a measure of the potential for
attracting new votes from the electors living ie thistrict. The assignment of these factors to
the political interest of a policy-maker of a givearty is open to interpretation, as it depends
on the political context at the time of decisiordahe strategy adopted by this party (for
example, the choice between focusing on securirigsvor on attracting new votes). Our
objective is to assess the implications of usirgg¢hfactors as measures of potential political
bias in the assessment of transport projects.

We define the politically optimal route alignmeistthe one that minimizes the aggregate
community severance costs across the region, asguimt the policy-maker places a higher
weight on the costs borne by the population withase political characteristics, measured by
the factors described above. To simplify, we asstlmeonly severance costs matter, that is,
the financial cost of construction is set at a gatiose to zero. The cost of the road crossing
point r is then the sum of the severance effects in all d@ffected enumeration districts
(4CS)), weighted by the number of electdk;, and by an exponential function of one of the
political factors(PX). The parameter measures the degree of priority assigned to teasar
where the political factor is above the mean. Thkie of this parameter is zero when the

political factor is below the mean.

C, = ) EL *ACS,; * Ex{e* PX)
i

Figure 5.5shows the optimal route alignments obtained foheadue of the parameter
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The routes are mapped hmap 5.8 Because the extracted political factors vary avevide
range, the estimation of the optimal routes becooresable after a certain value of the
parameteg, as the value of the community severance costeighbourhoods clearly below
the mean of the political factor becomes extraaudiy inflated when using an exponential
formulation. Therefore, the illustrations only shive results obtained in the interval [0, 0.8]
for the paramete.

The figure shows that considerations of politicaerest do not change the project when
the weights are placed on the right-wing fact®l}; as the optimal solution is the utilitarian
option Al found in the previous analysiiqure 5.1), regardless of the value of the parameter
€. On the other hand, the route is sensitive tqptaeement of weights on the left-wing factor
(P1). Furthermore, the changes in the routes obtaimedifher deviations from the utilitarian
case (that is, for increased valuesspflo not follow the same pattern as in the casthef
weights placed on the low-qualified populationsdgtd before (compare witkigure 5.1, for
v=0). While in the original case, the first changesoagated with increased valuesesobccur
in the eastern end of the road (frénto B); in the present case, they occur in the westedn e
(from 1 to 2). More importantly, while before the assignmenttioé highest values far
implied a further shift in the eastern end (fr@rto C), the shift occurs now in the middle
section (to p”), which in the original case is stable for allgstble parameter values. The
same route for the middle section is also obtaimédn weights are placed in the2
measuring the degree of attachment to polifR®,(but for lower values of the distributional

parameter, when comparing wii.

These results show that the introduction of pdlltisias in the planning of a new road
may lead to inconsistencies with criteria of equifgsed on the vulnerability of some classes,
even though the two perspectives may be based gulgimn characteristics that are
correlated (for exampl&able A.5 in Appendix 8 shows that lower qualifications aeéated
with left-wing political inclinations). On the othdand, political criteria may be consistent
among themselves. In this case, even though thersameasuring left wing voters, levels of
political participation and potential electoral mmiare largely independent by definition (as
they were obtained by factor analysis), they leaddmmon projects or common choices in
some sections of the project, for some combinatiohsthe respective distributional

parameters.

178



Map 5.8: Politically optimal solutions for the Via Longitudinal
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Figure 5.6 shows the effects of politically biased route fotations in the distribution of
the costs of the projects among populations witfeidint political characteristics. The charts
plot the average value of the factors that meakitreving (P1) and “political” voters P2)
for each value of the severance effect. Politidgak thas the highest impact in the case of
projects that use the new middle section (roége2 or Bp2). Both projects have cumulative
effects, as they alter the distributional profiletbe project according to the two political
factors. We can also see the differences in thiéigadlallocation of costs among the different
projects in the left side dfable 5.2 which gives the averages of the three politiaatdrs for

each project, weighted by number of electors ardsibe of the severance effect.

Figure 5.6: Community severance effects of politidly optimal projects: Political profile
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Finally, we can see the impact of political biaseadficiency (the aggregate costs of the
project) and on the distribution of those costghtriside ofTable 5.2 andFigure 5.7). With
only one exceptionA2 to B2), incremental departures from the utilitarian posi towards
political-biased distributions (following the patts inFigure 5.5 are associated with longer
weighted lengths and with greater aggregate seweraffects. These losses are especially
noticeable when we move to projects that use tiiemgldle sectionAp2 andBp2). On the
other hand, the increase in political bias is assed with an increase in the weighted average
time gain, with a reduction in the weighted averafi¢he qualifications factorH) in the
affected areas and with changes in the qualifioatiorofile of the costsF[gure 5.7]. In sum,
political bias is consistent with principles of @gubased on the balance between costs and
benefits or on the priority to vulnerable classHse main effect of political bias is therefore

at the level of efficiency.

Table 5.2: Politically optimal solutions: Elementsof cost

PO|.ItI0a| factors Other elements
. (weighted averages)
Projects -
P1 P2 P3 Lengthx  Pop x F2 Tim

(Left) (Political) | (Potential) Slope ComSev  w.avg w.avg
Al 1.86 -0.82 -0.74 37270.7 7423.1 -0.61 0.31
A2 1.63 -0.69 -0.51 37908.0 7814.6 -0.56 0.3%
B2 1.32 -0.25 -0.45 37683.0 9028.6 -0.40 0.38
Ap2 1.47 -1.00 -0.26 38590.7 8146.4 -0.54 0.40
Bp2 1.20 -0.53 -0.23 38365.8 9360.5 -0.39 0.43

Planned route 0.50 0.11 -0.14 33661.1 18209.9 -0.07 1.08

Figure 5.7: Community severance effects of politidly optimal projects: Qualifications profile
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Lisbon City Centre Circulation Plan revisited: the party-political factors

This sub-section reassesses the case of the traffidction in the Lisbon city centre,
considering the influence of political factors. Tihgplications of political bias in this case are
potentially more complex then in the previous casepolitical interest is defined at the scale
of the municipality but the effects of the poliagapread throughout the metropolitan area.

The analysis adapts the methods used in SectionN&e3use the same weight structure
and the same methods to convert into the same sbalgges in time to work and in noise
exposures. The difference is that we apply the ksitp the effects on districts according to
the political characteristics of their electors. Wensider that these characteristics are
measured by two political factor®1 (Left-wing) and P2 (Political), which have similar
interpretations as the factors used for the westemicipalities. The structure of these factors
Is detailed in appendix 8. We distinguish betweles ¢ffects of the project on pedestrian
exposure to noise around the neighbourhood andgelsaim noise on the way to work and
allow three possibilities for the assignment oftridsitional weights: priority to left-wing
voters P1), to right-wing voters (P1) and to voters with high degree of propensityrigage
in the political processP2). We use the same “inverse approach” explainefection 5.3,
modelling the relationship between the distributiloparameters attached to changes in time
to work and noise exposures dnden) and the standard of average time to war, for a

break-even point in the net social value of thegyol

The results are shown igure 5.8 which should be analysed alongside the paFignire
5.4 that represents Lisbon. The patterns found in e oof weights placed on changes
affecting left-wing electorsR1) have a similar shape to the ones found when wzigte
attached to less-qualified populations. When weaiglrte placed on noise exposures around
the neighbourhood, the standard of time to whatkdepends positively on both distributional
parameters. When weights are placed on noise ergmsu the way to work, the standard of
time to work depends positively on the distribuibrparameter for time to work and
negatively on the parameter for noise exposuresveder, for both weight structures, the
standard of time to work is more sensitive to thasa distributional parameter, when

comparing with the cases of weights attached ®-dgslified populations.

When the weights are attached to the changes iaffedght wing electors-P1), the
parameteL; depends negatively on the noise factor. The oelahip follow a shape relatively

similar to the case of weights placed on the ejdedpulation analysed in the previous

182



&,

section, although the sensitivity of the standard/ork to the two distributional parameters is
now lower. The assignment of weights on politicabncerned electord®) yields similar
results, but the relationships between the twaitigional parameters are convex, while in
the case of weights based of right-wing electdrsy {are concave.

Figure 5.8: Political evaluation of the standard otime to work for different weight structures
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These results show that the assessment of a trafftaction policy by a policy-maker
attaching distributional weights according to hidifcal interest is in some cases compatible
with the assessment of the same policy in termexjafty concerns. In fact, some of the trade-
offs between the standard of time to work and tis&idutional parameters of time to work
and noise exposures follow similar shapes in soihtleeosocial and political assessments. For
some political factors (right-wing and “politicafactors), the type of trade-offs is relatively
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similar for the two types of noise exposures, hasvefor other factors (left-wing), there are
considerable differences. Finally, some politicattbrs are compatible among themselves,
even though they are largely independent, by dedimi In this case, the results suggest that
attending to right-wing electors creates similaad&-offs than attending to politically

concerned electors, while attending to left-wingcébrs have independent effects of both.
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Conclusions and further considerations

The motivation of this chapter was to further umstEnding on the implications on
transport policy of holding alternative judgemepts the distribution of accessibility and
pedestrian mobility impacts and on the relativaigadf those impacts. We analysed the cases
of the formulation of road infrastructure projecsad of the social appraisal of traffic
restriction policies. We found that separating tihe types of judgements reveals trade-offs
that may not be apparent when the valuation ofirtifgacts of the policy relies on a single
method (which usually involves conversion to monetanits). The consideration of higher
valuations for community severance effects may leadptimal route alignments that are
different from the ones obtained by increasing degree of concern for the effects on
vulnerable classes. In the same vein, the congideraf higher relative values for changes in
exposures to noise, comparing with changes in tongork, may lead to evaluations of the
social value of traffic policies that are differeinbm the ones obtained by increasing the

levels of concern for the changes affecting vulbkeralasses.

There are also limitations to the effectivenessnofuding equity in the formulation or
evaluation of transport projects. Our first cassdgtshowed that attending to equity in the
design of a road might lead to higher aggregateegtedn mobility costs, depending on
patterns of land use. The second case study shtvakdraffic restriction policies might
increase noise exposures in neighbourhoods far tlmmrestricted areas, which may be
inhabited by the same vulnerable groups the paicgimed at. Finally, the possibility of
application of policies based on criteria of equitgpends to which political factor and to

which type of policy impacts the policy-maker assigriority.

Due to the need for simplification, the analysi®vided a partial assessment of the
projects and polices considered, which could bereded into a full multi-criteria evaluation,
accommodating efficiency, equity and other concelfVe also used a simple method of
transformation of different types of impacts intongarable units and a single way to
combine the social value of both. These limitatimmuld be surpassed by using value
functions that describe more comprehensively tlogetal preferences regarding the relative
values of accessibility and pedestrian mobility aeglarding different distributive outcomes.
Finally, it is important to consider the role ofagmtainty about the actual receivers of benefits
and costs. As we saw in the previous chapter, @dsamy neighbourhood attributes may
trigger household relocation, eventually changimg $ocial structure of the areas affected by
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the project. Furthermore, individual and socialf@rences may change over time, due to

social and cultural trends or the macroeconomi¢ecdrat each moment.

We should also note some of the possible extensioiise study of the two types of
project. The analysis of the optimal route alignin@nits relevant costs, such as the financial
and social costs related to the compulsory purcbésand for the new road. There are also
questions regarding the coordination of a projagbiving more than one municipality and
the compatibility with other planned road infrastre. The evaluation of traffic restriction
measures is also limited by the simplification led impacts of the policy on travel behaviour
(omitting effects on transport demand and moddit)shnd on accessibility (omitting time
losses for freight traffic). Further analysis coaldo consider the compatibility of the policies
with other interventions, such as the constructtwnimprovement of alternative routes,

improvements on the public transport network amditfplementation of parking policies.

The analysis of political factors could also benkbm a further exploration of the policy
maker’'s motivations, including the role of ideologpd the extent to which governments
balance political interest and the “common goodi'.thhe analysis of policies with wider
spatial scope than the ones in this chapter, tisesso the need to attend to interactions
between different levels of policy-making. The psit to decisions taken by national
governments are often lead by local leaders andtheo assessment of the political
characteristics of local populations should inclugfermation on whether local governments

are hold by a different party.

At a more abstract level, distribution does notaeidt the concept of social justice. There
are losses of welfare every time a policy has negadffects. The size of these losses is
relevant, as one can argue that there is a riglat moinimum standard of accessibility and
pedestrian mobility, leading to the question on tbe distributive considerations can
override the respect for these rights. Within ooalgsis, the implication of this position
would be for example to impose a restriction fa¥ thaximum value of the negative impacts
of the project in any neighbourhood. We can alsestjan the compatibility between the
assessment of projects based on criteria of equitlithe actual societal preferences. In fact,
any attempt to “correct” individual preferencestoiattach different values to preferences for
some goods and by some people can be criticispdtasnalistic or anti-democratic. Even in
the cases where policy-makers are neutral, theulaton of policies incorporating equity

concerns cannot ignore questions of socio-polifieasibility.
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Chapter 6

The wider context

This thesis set out to explore the multidimensiibyaif the transport equity problem. The
starting point was the realization that urban tpantaffects the mobility of individuals in
different ways and has redistributive effects ttet be measured along different social lines.
The disadvantages of some groups in the distribudfanobility have a spatial dimension, as
they depend on patterns of residence location anghwting. Our intended contribution to
the existing knowledge on this problem was to iditi@e pedestrian mobility as a distributive
concern of urban transport policy, based on theothgsis that the quality of this type of
mobility is negatively affected by traffic infragtture and motorized traffic. We tested for
social inequalities in the joint distribution ofveeal dimensions of pedestrian mobility and
accessibility among the different neighbourhoodhancity, looked at the sensitivity of those
inequalities to the definition of areas of compamisand assessed some of the processes
leading to those inequalities, including neighbaarth recomposition and the development of
new urban land. We also proposed methods to testrtplications on policy formulation and
evaluation of holding different views on the relativalue of use of pedestrian mobility and
the distributional priority attached to the grougdsconcern. The analysis was based on the
changes occurring in the transport system of tlsbbdn Metropolitan Area (AML) in the
period 1991-2001, a region characterised by diffegs in the spatial distribution of age and

socio-economic groups and heterogeneity in patiefrfend use and commuting.

This chapter concludes the study, by setting tisalt® of the empirical analysis in a
wider context, while recuperating some of the tseantroduced in each chapter when
discussing policy implications and possible extensifor the analysis. The first section
reviews the major findings of the analysis andinad some aspects related to the empirical
study of the transport equity problem. SectiondiszZusses the relevance of the thesis in face
of transport policy alternatives, societal objeetivand current socio-demographic trends. The
curtain closes with a list of suggestions thatfaice of the questions left unanswered by this

dissertation, we judge would merit further analysis
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6.1. Synthesis

Major findings

The distributional aspect of transport policiedats from other public policies, due to the
need to resolve a series of welfare trade-offgteel to the distribution of different effects
over populations with different characteristics.isTkhesis examined how these trade-offs
have been dealt upon in the AML, testing if spaiti@qualities reinforce social inequalities
and if there are cumulative disadvantages for sgnoeips in the spatial distribution of
various local effects. These hypotheses have bestad elsewhere for the cases of multiple
dimensions of accessibility and multiple dimensiasfs environment quality, but never
focused on the interrelationships between bothaspAnother novelty of our analysis was to
assess patterns of spatial inequality at two mosnientime, for the same definition of groups
of concern and indicators of mobility. This allomeslto quantify the effects of a set of policy

interventions, which gave priority to the constroctof new road infrastructure.

Our first research question (p.28) related to tseeasment of the distribution of several
dimensions of accessibility and pedestrian mobdityoss the different neighbourhoods in the
metropolitan area. We found that due to their nedatoncentration in the central parts of the
metropolitan area, elderly populations have goedl&of accessibility but at the same time,
they tend to be at disadvantage in the distributtbrpedestrian mobility. Low-qualified
populations tend to be at disadvantage in ternisoti accessibility and pedestrian mobility.
However, the disadvantages in accessibility denwvestly from lower levels of private
transport usage and not from insufficiencies in ghavision of transport in the areas where
those populations are relatively more concentrafdésk comparison of the patterns in two
moments of time also showed that policies givingpniy to road infrastructure benefit
private transport users in detriment of pedestriand public transport users. In fact, the
densification of the road network around the matg m the period of concern improved
private transport accessibility, but lead to comityuseverance and to an increase in noise
exposures of pedestrians walking around their m@ghhood or commuting using public
transport. In general, these negative effects veksproportionately distributed, affecting

especially areas with elderly and low-qualified piapions.

The assessment of social inequalities depends revegvthe set of neighbourhoods that
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are directly compared (research question 2). Wefirooed that processes that lead to
transport inequalities are specific to each locatamd operate at scales smaller than the
metropolitan area. The hypothesis of non-statibyaripatterns of transport inequality within
urban areas had not been tested in previous wauk.aDalysis showed a high degree of
spatial variability in the relationships betweee thistribution of the effects of transport and
the social structure of the neighbourhoods affecteth the suburban area being the region
where inequalities are most evident. We found wian focusing on the central areas, older
populations are associated with better pedestriahility. The geographic patterns of the
inequalities between populations with different Ification levels changed over time, with
an extension of the inequalities in times to warkhe outer suburbs and an intensification of
the inequalities in noise exposures in the cemtkianer suburbs. There was also a reduction
in the advantages of the elderly in the distributad noise exposures within central areas. The
role of accessibility and pedestrian mobility inethexplanation of neighbourhood
recomposition and of social patterns of settlememewly developed areas is also different

in the centre and in the suburbs.

We have also gathered evidence on the procesddsdlao transport inequalities and in
particular on the adjustments between changes ipilityoand social patterns of residence
location, which was the object of our research gjoes3. Our analysis showed that changes
in levels of mobility and other local attributesedimked to the renovation of the population
living in each neighbourhood. Our main contributtorexisting knowledge on this issue was
to assess the role of pedestrian mobility. Chamgesommunity severance and pedestrian
exposure to noise were found to be significantha explanation of the probability of
neighbourhood recomposition. The two types of clkangre also related to changes in
qualification levels within the central area. Weafound that exposure to noise integrates the
same vector of neighbourhood change that privale gocessibility in both central and
suburban areas, although in the first case theytypes of change are negatively correlated
and the in the second case they are correlated.rébult suggests either that preferences for
one of this type of changes are dominant or that pheferences for both are jointly

determined but differ in the two regions.

The empirical analysis of patterns of transporguadity in two moments in time was
complemented with a simulation of the implicati@mstransport policy of attending to equity
concerns (research question 4). We added to previesearch by testing the effects on

holding different perspectives not only on the riisition of different impacts among
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different groups of concern, but also on the vatumabf the different impacts. We found that
the design of the route alignment for a new roaa iregion with land use heterogeneity is
very sensitive to parameters specifying equity eom&. The social evaluation of traffic
restriction policies in city centres also variesewtihe focus is on noise exposures of residents
of those areas or of workers on the way to work. iWen extended this analysis by
considering the role of party-political factorstransport policy, which answered our research
question 5. We found that the possibility of apgtion of policies based on criteria of equity
depends to which political factor and to which typke policy impacts the policy-maker

assigns priority.

These results are useful to assess the relevartbe skt of relationships depicted in our
conceptual framework of analysi®dure 1.4, in Chapter 2). The answers to research question
1 suggest that when we assess distribution atkethed bf the metropolitan area, the existence
of inequalities is related to households’ decisiondravel modes but not necessarily to their
decisions on residence location and travel destinstor to the policy-maker’s decisions on
location of transport infrastructure. The analygigjuestion 2 indicates however, that when
distribution is assessed within sub-sets of theropetitan area, there are significant
relationships between the location of transportastfucture and households’ residence
location. The existence of a long-term link betwedanges in accessibility and pedestrian
mobility, changes in the individuals’ welfare, hetsld relocation and changes in the
neighbourhoods’ social structure is also confirrogaur analysis of research question 3. The
analysis of question 4 reveals that the link betwdnee policy-maker’s policy interventions,
the distribution of accessibility and pedestrianbitity and the assessment of this distribution
in terms of justice is highly dependent on the addpmlefinition of social justice. Finally, the
answers to research question 5 expose the implisaton distributional patterns and social
justice of the existence of links between the Igagulations’ political characteristics and the

policy-maker’s decisions.

Further considerations

The analysis in this dissertation also sheds sagid bn some aspects related to the
empirical research of social inequalities relateditban transport. A controversial aspect in
this kind of research is the normative assessmmplidit in the definition of the transport
equity problem. We saw that the application of efiéint perspectives produces different

solutions to this problem. These perspectives raicit for example in the definition of the
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areas of comparison for each neighbourhood (whataled in chapter 3 as “communities of
justice”), which have implications on the assesgnudrrelationships between the residence
location of social groups and the distribution etessibility and pedestrian mobility. We
obtained different patterns of inequality when campgy times to work or pedestrian
exposures to noise among neighbourhoods with ginpiéssitions of centrality and with
similar patterns of commuting. In some cases, theaatages of one group in one region
when using one definition for the area of comparigon to be disadvantages when we use a
different definition. The consideration of the rold subjectivity in the quantitative
assessment of issues of equity is also importatttdrevaluation of transport projects, as the
identification of the groups of concern and theueakssigned to changes in pedestrian
mobility have implications on judgements about ®wcial desirability of the projects.
Overall, our results emphasize the need to clahfy assumptions implicit in the methods
used in the research of the transport equity probl&hey also reveal the benefits of
informing policy decisions by providing results aisted using multiple perspectives.

The development of methods was another of the mibbis of this study. The use of
alternative indicators revealed the differenceswben the distribution of dimensions of
pedestrian mobility that depend on the transpdragtructure (community severance) and
dimensions that depend on traffic levels (expostweasoise). We saw that changes in these
dimensions have different roles in the process @fhbourhood change. We also found
differences in local patterns of inequality andthe assessment of traffic policies based on
dimensions that depend only on residence locatom(nunity severance and noise exposure
around the neighbourhood) and dimensions that @keparchoices of daily destinations and
modes (noise exposure on the way to work). Othethodgs proposed in this thesis also
showed potential for practical application. For rapée, the formulation of optimal route
alignments can benefit groups of activists, agverled the existence of feasible alternative
solutions for future projects that differ considdyafrom the projects as planned. While
activists usually present alternatives, these aldom justified in terms of the equity in the
distribution of benefits and costs or as eviden€epdlitical bias in the governments’

proposals.

We should also mention the major theme that thegotework did not cover but that
underlies the questions analysed. Our focus wake@mnole of space as an explanatory factor
for the patterns shown by variables observed ialargits. However, a parallel dissertation

could be written approaching the main question wérg chapter under an economic
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perspective. Housing and transport costs deterthmehoices made by households regarding
residence location and travel behaviour, with dlu@amce on their levels of accessibility and
pedestrian mobility. Policy intervention in thersport market also depends on criteria of
efficiency and has other effects on individual \aedf apart from the ones that are based on
local effects. For example, new infrastructurensiuficed through the tax system, while traffic
policies generate revenues. The allocation of tisesés and benefits may or may not follow

the same principle of equity as the distributioocfl changes.
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6.2. Policy solutions and future challenges

This section uses the results of the thesis asa toaanalyse a set of transport policies to
address redistributive effects that have a spdiménsion. We discuss the potential for these
policies to address accessibility and pedestriabiliho simultaneously and the restrictions

posed by demographic and economic forces affethi@gransport market.

The improvement of public transport may decreasgualities in the distribution of
accessibility. We saw that the inequality of lowatified populations in the realization of
accessibility potential is mainly related to thieigher usages of public transport, allied to the
fact that public transport is slower than privai@nsport in almost all routes. The effect of
improvements in public transport is probably ndseff by future relocation movements, since
the spatial sorting of groups with different soemnomic status is mainly associated with
improvements in private transport accessibility 4Gter 4). The policy can also contribute to
modal shift, reducing traffic levels, congestiorddacal environmental effects at the major
entrances to the main centres, which as we savhapt€rs 2 and 3, are the areas where social
inequalities in the distribution of those effecte anost visible. In a deregulated transport
market, it is difficult, however, to control the wéhat the different operators fulfil the needs
of populations. In addition, levels of car ownepshnd use in middle-income cities such as
Lisbon are still below the European average and coaginue to grow if the gap is explained
by a time lag in the response to social, demogcaghd economic forces that affected other
cities in the past. On the other hand, populatigeirey may contribute for a reduction in car
use, while the development of new communicatiornrietogies and telecommuting may
reduce road traffic levels and contribute to thesalte of accessibility gaps between different

groups in society [Kenyoet al 2002].

Modal shift also requires measures to dissuade ude of private transport. The
application of this policy in the city centre halgar effects on the quality of pedestrian
mobility of the populations in these areas, whith.isbon as in similar European cities, have
a high proportion of elderly and low-income houddeoOn the other hand, in cities which
lack viable alternatives to the links restricteccé traffic, due to relief or to the existence of
historical areas, the policy may have unintendef@ces on the pedestrian mobility of
populations in other areas of the city, as showouinanalysis in Chapter 5. The effects of the
policy in levels of congestion and pollution affecgt populations living in different areas and
having different commuting patterns depend on théepns of spatial redistribution of traffic.
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The literature also shows us that alternativesh sascroad pricing schemes, have uncertain
distributive outcomes, which depend on the chomes the links and travel modes included
in the policy [Mitchell 2005] and on the effects tife policy on the individuals on the
margins of car ownership and use [Levinson 2016Vi®nmental policies such as fuel taxes
or vehicle emission standards also have complexrilisive effects, depending on
geographic and economic factors [Bae 1997].

Improvements of the pedestrian network have altecesf on pedestrian mobility and on
on realized accessibility (Chapter 2). However,distributive effects of these improvements
need careful attention, as this policy requiresdpplication of traffic restriction measures,
reallocation of road space or reorganization offitareducing the mobility of private
transport users. Judgements on the relative “vafugse” of each type of mobility become
unavoidable. For example, Vasconcellos (2001, p.2Efends that the right to circulate
refers to the person and not to the vehicle andnsequitable allocation would divide road
space accordingly. The overall distributive effeftthese measures depends, however, on
their impact on the accessibility of the each dogiaup. To achieve a balance between the
social redistribution of pedestrian mobility and@ssibility would then require that measures
aimed at the former take into account the effeets public transport and the accessibility of
the groups dependent on it. These conditions waddn for example that when road space is
reallocated to pedestrians, principles of equityusth also apply to the allocation of the road

space lost by private and public transport users.

Public transport and pedestrian mobility are als&eld to urban planning. We saw in
Chapter 4 that the development of new urban areeslexates the adjustment process of
individuals with different qualification to diffenees in mobility, given the differences
between old new and old areas and within the seewfareas. The distribution of mobility is
also affected by the fragmentation of urban spawe ly the tendency in most cities,
including Lisbon, for employment to relocate awagnh the city centres to areas around
motorway interchanges, which benefits the accdggibof populations in new urban
developments on the outer suburbs, in areas wik aecess to these motorwdysp 6.1].
New residential areas and centres of employmeendéck public transport and have poor
pedestrian access. In order to address these jsstEm policy-makers need to subject
decisions on the development of new urban landh¢oatvailability of local public transport
and to give priority to mixed land uses, in ordemtatch places of residence with potential

pedestrian destinations. These strategies havéations, due to the problems in financing
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unprofitable public transport routes and in persugdusinesses to locate in areas with

relatively high transport costs, far from motorwagctions.

Map 6.1: Changes in transport, employment and privee transport job accessibility 2001-2008
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Given the density of motorways surrounding moskesjt we can also question the
advantages of expansions in the road transporagtrfrcture. The maps and numerical
analysis in Chapter 2 show that the constructiomelv infrastructure does not always
improve realized accessibility in the areas serbed contribute to community severance due
to the existence of multiple links in narrow traagpcorridors. The analysis throughout the
thesis confirmed that these patterns have a sa@coeeic dimension. Road projects seem to
address issues of equity when they close gaps enntitwork or alleviate bottlenecks,
reducing traffic levels and congestion. On the othend, projects that duplicate the capacity
of existing corridors or create new ones tend tooarage the growth of car usage. There is
also an asymmetry between the effects of motorwaystcuction on private transport
accessibility and the effects of new public tramspm public transport accessibility, as the
latter are usually more limited in scop@ap 6.2 illustrates this points for the case of the
AML. At a more detailed level, the judgement of gty of the distribution of benefits and
costs of new roads depend on the actual road aéighmand on the effects on community

severance (Chapter 5). While the distributive éffeaf new infrastructure on pedestrian
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mobility are seldom included in project assessmesduity considerations may be
incorporated as compensation of the populationsctdtl. However, there is no clear
definition of the object of compensation. Existipgocedures usually focus on economic
losses (reduction of the market value of land amés) and not on welfare losses derived

from the deterioration of local environment conufiis.

Map 6.2: Future changes in job accessibility
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Note: Based on the distribution of the population i2@ensus, distribution of employment in 2008 alzch®
for future infrastructure [Appendices 4.1 and 5.1].

Finally, our results may be useful for the underdiag of distributive issues in other
metropolitan areas where transport planning fasesame context of land use heterogeneity
and inexistence of policy structures at an inteliatedlevel (between the municipal and
national levels). We saw in Chapter 3 that pattevhsnequality depend on the scale of
analysis, while in Chapter 5 we saw that the evalnaof the redistributive aspects of traffic
policies differs whether one considers only the&# in the municipality where the policy is
applied and the effects over a broader area. Timeulation of policies to address inequalities
in transport then needs to understand the geogragmd political context where these
inequalities arise. and understand the specificilitypbheeds of the vulnerable groups in each
region. This approach is dependent, however, oravadability of policy instruments at the
required spatial scale and on the level of coottinaof governments in different

administrative units. The role of space may alse lsome of its relevance in the future due to
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the growth in car ownership rates. The group oividdals who walk or use public transport
are becoming a minority, where low-income groupe arcreasingly represented. The
identification of these individuals using spatialtta and the development of policies to meet

mobility needs assessed at different locationstivdh lose some of their effectiveness.
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6.3. The road ahead

The results of our study suggest a series of tapiascould provide further glimpses on
the transport equity problem and on its possiblatems. In this final section, we identify
some of the hypothesis that we think require furém@pirical evidence and propose some
extensions to the sets of groups of concern an@mbsions of pedestrian mobility that were

object of analysis in this work.

The main limitation of a geographic approach is #ssumption that the groups of
concern are clustered at the level of the spati#tl used in the analysis, which constrains
policy implications to the scale of that unit anttreases the probability of introducing
distortions such as the ecological fallacy (p.8) #me MAUP (p.66). Transport research has
been increasingly making use of data at the holdedrad individual level, coming from
mobility surveys or postcode-based commercial deted. Most of the applications of this
data in transport inequality analyses deal withgp&tio-temporal constraints of accessibility,
through the integration of a time component in ast®lity indicators [Kwan 1998] or the
analysis of individual “activity spaces” [Schoémfet and Axhausen 2003]. Another
possibility is the comparison of individual mobjliand area-based indices of mobility, which
allows the analysis of the different types of iatgion between these dimensions in the
process of transport-related social exclusion fBreand Rajé 2007]. Finally, individual data
may allow for the test of the hypothesis of peesistinequalities as individuals relocate
within the city or change commuting patterns ovelorg period. These possibilities are,

however, data intensive and only suitable for smeajions.

There is also a lack of strong evidence on theraot®ns between multiple social and
spatial aspects in creating disadvantages for spmgs. For example, the constraints posed
by lack of access to cars and the effects of nm#driransport on pedestrian mobility among
groups such as women and the elderly depend on-sconomic status, which is then linked
to disadvantages based on patterns of residenetidoc[Lucas 2004, Priya Uteng and
Cresswell 2008]. Research on these questions esgthie definition of indicators that reflect
inequalities within those groups. In the case om&n, these indicators would measure for
example levels of public transport accessibilityttoe role of space-time constraints, while in
the case of the elderly, the emphasis could bénemuality of walking access to community

centres, day-care centres and health centres.
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The study of some aspects of pedestrian mobilitylc@lso benefit from a further
exploration of possible quantitative indicators.eOof those aspects is pedestrian safety.
Research on spatial inequalities in the distributbaccident risk has used data on pedestrian
injuries and fatalities. However, these are impetriiedicators of risk, as “the fact that a road
has a low accident rate might mean not that iafe $ut that is so terrifying dangerous that
few people try to cross it” [Adams 1988, p.346]eTtonstruction of indicators incorporating
people’s perception could increase our understgnalirthe effects of motorized transport on
the mobility of pedestrians. Another aspect is ¥isial blight of transport infrastructure.
Previous research has proved the advantages ofir@t8ods in the quantification of this
effect within hedonic models to house prices [Bateet al. 2001]. These methods could be
adapted to assess the quality of pedestrian tilyes.propose an indicator similar to our
measure of pedestrian exposure to noise, assegmnfamenity-value” of the routes of
pedestrian accessing destinations around their sionvbere different weights could be
applied to sections crossing transport infrastme&ctaind sections crossing through parkland,

residential and industrial areas.

The interpretation of the results of the presentkweould also profit from the empirical
assessment of some of the hypotheses that we musled analysis of the processes leading to
social inequalities. The first of these hypotheseshe capitalization of differences in
pedestrian mobility in the housing market. Existimegdonic studies have included measures
of pedestrian access and of local environment tyuliit have not focused on the effect on
house prices of the interaction between the twaeissThe second hypothesis is the influence
of political bias in urban transport planning. Thésue could be analysed by modelling
historical patterns on transport decisions, theitipal characteristics of the populations
affected and other information about the politicahtext of the decision. The options taken in
transport or land use planning could also be aedlys terms of the choice set available to
the policy-maker at the time of the decision. Owsgiility is to search for evidence that
differences in levels of present or future accelisilexplain the priority to develop certain
residential areas or the priority to clear cerslum areas, in detriment of other areas within

the set that was included in municipal master plans

The methods we proposed in Chapter 5 for the aisalyk trade-offs in the social
evaluation of transport projects can also be usesdtudy related issues. For example, the
method for formulation of optimal route alignmeatscording to the distribution of losses in

pedestrian mobility could be used in the formulatd optimal public transport routes, taking
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into account the distribution of accessibility gaiaccording to the vulnerability of the
populations served. On the other hand, the metbodhe evaluation of traffic restriction
policies could be applied in the evaluation of neyad infrastructure or public transport

routes.

We have also mentioned in several points of thigkwtioe role played by subjectivity in
the empirical analysis of issues of social justice transport. In fact, due to its
multidimensional nature, the transport equity peoblcan be approached from different
angles and by researchers from different scienkifickgrounds. The analysis may also be
influenced by political or personal agendas. Areriesting topic for a meta-analysis would
then be the comparison of the results of studieslaected by the three main groups of
researchers studying this problem: policy-maket$yiats and academics. The objective of
this analysis would be to assess whether the pattdrsocial inequality found in the studies

by one group are consistent and significantly déifé from the other group.

A final question regards the complexities in idBmtig the role of transport policy within
the multiple relationships between transport arithnrland use, no matter how much spatial
information is available. A clearer statement oé tholicy implications of quantitative
analyses would help to increase its applicabilityfact, due to the difficulties in assessing
these implications, to attend to equity in the abdistribution of local mobility is as much a
question of detailed geographical or statisticadlgsis as it is of political and ideological
discussion. Policies that affect a sensitive isssigocial justice may tend therefore to be the
product of ad-hoc political decisions. Despite ehémitations, the large body of theoretical
and empirical work on the spatial dimensions ohgport inequalities produced in recent

years have raised awareness to an issue of inegegdevance in contemporary cities.
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Appendix 1

Spatial distribution of population

The study area is the set of 18 municipalities #ra members of the Association of
Municipalities of the Lisbon Metropolitan Area (AMLThe municipality of Azambuja was
part of the AML until 2004, but it is not included this study, due to the unavailability of
some datasets covering this municipality and taviésk functional relationship with the rest
of the Metropolitan area in terms of employmentgIR004c, p.17, 159] or access to goods
and services [INE 2004d, p.38-50].

The unit of analysis is the census enumerationricis(ED), which in urban areas
corresponds roughly to city blocks and in the semad areas corresponds to a small village
or hamlet. The Lisbon Metropolitan Area contain®d¥38 and 27397 inhabited enumeration
districts in 1991 and 2001, with an average popuiadf 134 and 83 respectively. We restrict
our analysis to the districts that contained astlgaree individuals, three families, three
buildings and three dwellings. This is in ordemtnimize the number of statistical outliers
derived from the calculated of variables in ared® wmall populations. The borders of the
districts in 1991 and 2001 are given by the offiGaographic Information Referencing Base
(BGRE/BGRI)[INE d1991a, d2001a]. The comparison of these drsrdises a separate map
giving the areas common to both years [INE d200TIbg selection of Census data used in
this study is limited to the database provided Iy National Statistics Office to external
researchers [INE d1991b, d2001b]. We identifiedralk set of outliers, corresponding to
districts with collective dwellings, which had aryéiigh value for variables included in our
analysis, such as families per dwelling and dweflirper buildings. These values were

replaced with the mean of surrounding districts.

Although the available census data cannot be disggted further than the ED level, it is
both possible and convenient to assess indicatasoessibility and pedestrian mobility at a
more detailed level. This is because the effectsapisport infrastructure and traffic levels on
pedestrian mobility are not uniform within each BD.addition, the effects of congestion
vary according to the position of each area inti@mkawith the major road exits of the
neighbourhoods and the location of motorway jumdioFinally, a disaggregation of the
different population concentrations within each iBiseful for the mapping of the indicators

at the metropolitan level. This is because the lusharopleth representation of the EDs

202



presents a distorted view of the distribution of imglicators, given that the largest EDs in the
AML, which are located in the rural areas, are dls® EDs with the smallest populations.
Due to the problems above, we model the spati#diloision of the population of each ED at
a higher level of resolution, based on the methaggsed by Langford and Unwin (1994),

which combines binary dasymetric mapping with aiapamoothing procedure.

Binary dasymetric mapping is a technique to represbe spatial distribution of a
quantitative variable according to the boundariesved from the spatial distribution of the
phenomenon the variable represents, regardlesseo$dale at which the data is collected.
This is usually achieved by overlaying the origidata with a set of ancillary information. In
our case, we use this technique to disaggregatsptiteal distribution of population according
to data on land use, assuming that the populatmicentrates only on residential areas. For
the case of 1991, we use land use data fronCtntus-AML 1990 map constructed by the
New University of Lisbon (eGeo-UNL) and which, &et1:25000 scale, provides a very
detailed representation of types of land use inAML [e-Geo d1990]. We consider that
residential areas belong to the following clas$esstorical Centres”, “Metropolitan Multi-
functional”, “Single Family Housing” and “Multi Faily Housing™?2 For the case of 2001,
this data is updated with the changes identifiedh@ European Environment Agency’s
Corine Land Cove? 1990 and 2000 datasets [EEA d1990, d2000], bynagditie areas that
in the Corine dataset change to “Urban Continuoas” “Urban Discontinuous” and

subtracting the areas which cease to be in thesedvegories.

The procedure above accounts for the within-ED fagfmn distribution of around 90%
of the districts. For the districts that do notensect with the datasets above, we use a

sequential process, retaining the areas that edevath the following maps:

*2Due to the one-year gap between the Cartus-AMéreeice year and the census year, we also incluthein
set of residential areas the land classified asottsld Areas”, in the cases where there is enowiteace that

the land is indeed inhabited in 1991. If we asstimg&the lots existing in 1991 have all been buitand settled
by 2001, then the set of lots that are inhabited981 are the ones located in EDs whose populati@s not

change significantly between 1991 and 2001.

%3 Although Corine Land Cover data exists for botarge we opted to use the Cartus-AML data alongide
changes in the Corine data, as that dataset regfersfically to land use (as opposed to land coaed) provides

more detailed information (Corine data is only éafale at the 1:100 000 scale).
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= The areas in the municipal master plans (PDM) ifladsas “Consolidated Urban”, as
given by the dataset containing the municipal miagsnonised with the classification
adopted within the framework of the AML RegionahP(PROT-AML) [AML d2003a].

A 40nT buffer around the locations of villages, hamletd groups of houses, as given by
their geographic coordinates in the National GaeefiIGP d2008].

These overlays still leave 3-4% of the EDs unactadiim each year. Within this group,
we consider that the population occupies all treaasf the ED when this area is below

5000nf or concentrates in a 40m buffer around the EDro&hin other cases.

The intersections of EDs with land use data creadataset giving the areas of each ED
that we assume to be inhabited in each 3eane then take each group of contiguous
inhabited areas in each ED as separate units ftrefuanalysis. The assignment of the ED
population to each part is based on its area, gisifigher weight to the areas classified as
“Metropolitan Multi-Functional” and “Multi-Family ldusing”. In the most urbanized areas,
we correct the weights with information on the kima of high-rise buildings, which are
identified in orthophotomaps for years around 1894 2001 [IGP d1995, IGeoE d2001,
d2004].

The calculation of indicators of accessibility apéeldestrian mobility then reflects the
conditions in all inhabited parts of each ED, agerhby the respective estimated population.
We assume that the distribution of employed popraand the population who need to walk
are the same as the distribution of the total patparl. In each part, a representative point
defines the origins of the trips involved in thdcatation of the indicators. This point is the
centroid of the ED part, constrained to be locasitle the ED patt and snapped to the road

or street network, to ensure that it representalid wrigin for all trips.

Some of the procedures in the estimation of ouicatdrs require a model of the
population distribution at a higher resolution thidoe ED part. This is the case of the
estimation of the attractiveness of destinatiomspfestrian trips [Appendix 2.3], which we

assume that depends on the population for whichpbiat is the nearest. We then need to

** The intersection of EDs and land use maps prodincemst cases a number of small slivers, whichowky

assume to be real concentrations of population @tdhe effects of an imperfect overlay of datamfrdifferent
sources) if their area is above 16Gamif it represents more than 50% of the totahasethe ED.

% Centroids are the centre of mass of an object dinfensions. The centroids of irregular objects rbay

located outside of the object.
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model population as a continuous surfac&he areal-based map of ED parts is converted to
the GlISraster format, giving a grid of values for the populatiana resolution of 40 As

the population data is based on the borders of Eib$h do not necessarily define real
discontinuities in the distribution of populatione also need to apply a “floating window”
technique, in order to obtain a smoother distrdoutiThis is done by taking neighbourhood
statistics to each cell in the dataset, giving dlerage population within a radius of 400m
from each cell. The resulting population surfaceaisatisfactory model of the population
distribution in the AML, as it accounts for 97.6%da99.9% of the population in 1991 and
2001 respectively.

% We apply this procedure to the whole populatiothef AML and not only to the EDs that were consideas

units of analysis.
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Appendix 2

Destinations

1. The spatial distribution of employment

Spatial data on employment is available at the nipality level concelhg. This data is
contained in the 1991 and 2001 Census Commutingldaae [INE d1991d, d2001d], which
includes the number of workers and students in eactor of activity commuting to each
municipality. The analysis of accessibility in ostudy refers to workers only and not to
students, as for the latter, it is difficult to neaén interpretation of accessibility to schools in
terms of spatial “opportunities” since for somedksvof study, students are assigned to
schools in pre-defined catchment areas. It is diffcult to assess actual destinations for
students in each enumeration district as datawmest commuting do not disaggregate flows

according to the level of study or transport mosled.

The estimation of indicators of potential accesisypand average times to work require a
set of destinations at a more detailed scale thamtunicipality and as such, the data above

was disaggregated into smaller units, accordirtheanethod sketched below:

Figure A.1: Disaggregation of employment data

Municipalities Sectoral employment
(18)

Registered companies per
sector

Freguesa
(207)

Street-level surveys
Land use maps
Municipal Master Plans

Other information

Centres of
employment
(207, 240)

At a first level of disaggregation, we assign thbsj at municipal level among its sub-

units freguesiay For each sector of activity, the distributionavhployment is proportional
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to the number of employees of the companies ragidtat eactireguesia This procedure
makes use of the National Statistics Office datab@s companies and businesses for the
years 1990/91 and 2000/01 [INE d1990-2007]. Thismada matched to the municipality
employment per sector based on the common claasificof employment into 31 sectors of

activity, following the official classification adectors of activity (CAEv1/v2.1).

Within eachfreguesia the jobs in each sector of activity are thengas=il to different
locations, taking into account a set of auxiliarformation. To facilitate the identification of
employment centres, at this stage we reclassifyQA& sectors into a more manageable
system of 15 sectors (Administration, Agricultul€pmmerce, Construction, Domestic,
Education, Extractive Industries, Finance, Indust@rganizations, Health, Services,
Transport, Tourism and Utilities). In the case @in@nerce, which usually includes activities
with very distinct locations, the assignment ofgadistinguishes between the locations of
wholesale and distribution, large retail and smathil, while for Services we distinguish
between personal services and services to compafiesaassume that domestic workers do

not need to commute.

Land use maps [e-Geo d1990, IGP d1990, EEA d19200@ are the main source of
information for the identification of employment the sectors of Agriculture, Industry,
Extractive Industries, and Wholesale and Distrinuti This is complemented with
information and maps from the municipal master glaiithough less straightforward, the
same methods are also used in the identificatioeangbloyment in the Construction sector,
which we assume to concentrate in small indussitds, allotted areas and areas under

development or regeneration.

The distribution of employment in Education, Heatid Large Retail is based on precise
locations and uses the municipalities’ on-line GI& maps or lists with the locations of
universities and schools [CML d2001a, part 6; AM2064], hospitals and health centres
[http://www.portaldasaude.pt, AML d2006] and largepermarkets and shopping centres
[APCC 1999, AML d2008].

Small retail and personal services are activitibese markets are usually located in their
vicinity and as such, the distribution of employmenthese sectors can be approximated by
the location of their markets and these by theaidigion of population as given in Appendix
1. However, this is not always valid in the casd.igbon, due to its role as a service centre

for the population in the metropolitan area andhe rest of the country. In this case, the
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assignment of retail and service jobs used maps Btreet-level surveys representing the
concentration of retail and service companies bgesf{CML 1992; d2001a, part 5] and the

distribution of companies at the enumeration distavel [CML 2001aloc.cit].

The employment in the Administration and Organadi sectors does not have a
correspondent in the companies’ database andagglisgated directly from the municipality
level to its estimated locations. This disaggregatis based on the number of public
institutions and international organizations at thenity of each candidate location. We
follow the list available in the Guidebook of Paguese Public AdministratioGuia da
Administracéo do Estad(2007), which is applied to both 1991 and 200tegex in the cases
where there is knowledge that an institution did exist in one of those years or changed

location.

The distribution of employment in the Financialamsport, Tourism and Utilities sectors
is less clear. With the exceptions of the munidijga that conducted street-level surveys
[CML 1992, d2001a, CM Amadora 2001], the assignmietibwed the locations of the
biggest employers in each of those sectors, ubagiformation available in the metropolitan
GIS [AML d2008], the municipalities’ on-line GIS drhe locations available in the National
Gazetteer. Finally, the distribution of employmemtthe Services to Companies sector is
assumed to be proportional to the distributionropyment in all other sectors.

In all cases, the assignment of employment amoagdifierent candidate locations at
eachfreguesiawas based on a proportional distribution accordinthe site area, population
in the area of influence or, where available, emplent or financial data of major employers.
The assignment followed an interactive processgaisg sectoral employment among the
different candidates and summing up the total egmpént at each location. At each stage, the
locations with less than 1000 jobs were excludatitarir estimated jobs re-assigned among
the nearby locations proportionally to their estidanumber of jobs at that stage and
inversely proportional to their distance. In thi®gess, we allow jobs to be relocated across
freguesiasThis means that the final sum of jobs in all looas at eaclireguesiadoes not
match precisely the initial estimated number ofsjolm addition, some smdileguesiasare
not assigned any location, if there is no clearceotration of employment at any candidate

location.

The threshold of 1000 jobs is imposed in order éduce the computation time in

subsequent analysis, which involves the calculatbrtimes on the private and public
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network from a number of points at each ED to edestination point. The limitation of the
set of destinations to a few hundred locationsaicheyear does create some distortion, as the
areas around each destination are the endpointreliatively large number of trips, which
contributes to an overestimation of noise leveld aarrespondent exposures to the people
living and working around those points. A possibéution to this problem was to reduce the
number of origins and increase the number of dastins to extrapolate shortest times to all
origins based on the values obtained for the retiset of origins. However, we did not
follow this approach, as the estimated set of dastins in Lisbon is dense enough in order to
ensure that the trips crossing the road links ataeach destination will also cross the major
links in betweeriMap A.1]. In other regions, centres of employment are notearly defined
and are usually located at key points in the mpalccapitals or at major industrial sites. As

such, they have a high degree of correspondentethgtreal spatial distribution of jobs.

Some of the populations in the periphery of theisemal municipalities of the AML are
under the area of influence of the job market ajéaowns outside the metropolitan area and
as such, we include nine of these towns in theokpbtential destinations for workers. This
option also minimizes the “edge effect” inherenotg spatial analysis, which is based on a
pre-determined demarcation of the study area acgptd municipality borders. The criterion
used to select destinations outside the AML was¢tude a location in the cases when the
time on the private or public transport networkanirthe capital of a givefreguesiain the
AML to that location in either 1991 or 2001 is lawdhan the average private or public
transport time taken by commuters of tifi@@guesiato destinations inside the AML. The
rationale is that the population in the metropalitarea will not consider commuting to
outside destinations if the time exceeds the uso® taken to commute to a destination

inside.

The map below presents the spatial distributiothefdestinations in 2001, where dot size
represents levels of employment in 2001 and cologpsesent the variation in employment
from 1991 to 2001.
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Map A.1: Spatial distribution of employment
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The distribution of employment levels is used ia #stimation of indicators of potential
and average time to work. In the first case, emplenyt levels are considered as indicators of
the attractiveness of each location and includeal gmavity measure. In the second case, they
are used to disaggregate the commuting flows betweaumeration districts and
municipalities, in order to estimate average tirtees/ork for each ED. The proportion of the
flows from an ED to a given destination within ammaipality is then proportional to the level
of employment at that destination. Given the smatiension of an ED and the large number
of cells in the resulting commuting matrix, thewed obtained for the flows ED-destination
are in most cases smaller than one. However, ase tradues are only used as relative weights
in the estimation of average times to work, they ba interpreted as the probability that the

workers in an ED commute to each destination.

2. Urban facilities

The location of health centres is given by datanftbe Association of Municipalities of
the AML [AML d2006], which includes the year thentees started operating. Each health
centre has several extensions inside its area fibfenrce. We chose not to include these
extensions in the analysis, as they provide a gmalimber of services than the main facility

and because the objective is to emphasize the satodacilities that cannot be reached on
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foot. The analysis can then focus on the role efghblic transport system on accessibility
and on its insufficiencies when comparing with pniate transport option.

The location of tax departments follows the infotima in the publicationGuia da
Administracédo do Estad@007), with small adjustments based on the rekeas knowledge
of changes occurring since 1991. We do not condi@éatth centres and tax departments
outside the AML, given the assumption that all asse required to use facilities inside their

own municipality.

3. Destinations for pedestrians

A: Set of destinations

The set of destinations of pedestrians living iche&D is used in the estimation of
average time to work and of indicators of pedestmambility. The set is based on a sample of
all inhabited 40m cells in the study area, usirgggbpulation raster model obtained using the
methods in Appendix 1. The sampling process waslemented in the Hawth’'s Tools
extension for the ArcGIS software and is the largessible sample such that all points are at
least 400m apart and the probability that eachtpsimcluded in the sample is proportional
to its estimated population density. We considat gfedestrians in each part of each ED will
only consider destinations within 800m straightlidistance. These restrictions on the
spacing of destinations and on the set of destinataccessible at each origin ensure that each
ED part has a maximum of 12 destinations as opticgducing the computation time in

subsequent analysis.

The process above does not ensure, however, th&Dalparts have a destination,
especially in the case of EDs in remote areas.hBosample obtained, we then add the
locations of hamlets and groups of houses extraftted the National Gazetteer. For the
1.5% of EDs that were still without any destinatadter this addition, we take as destinations
all the representative points of nearby EDs (s@€4).or, as a final resort, an individual
sample of 4 points located within a radius of 800minere the sampling probability is
conditional to population density.

We assign to each point in the final set of detihna the population in the population
raster model for whom that point is the nearese fdsulting sum is treated subsequently as a
proxy for both the concentration of jobs (in théraation of daily flows for workers walking
to work) and the population-interaction potentidl tbat point (in the estimation of the
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probability of non-work pedestrian trips around fem

B: Barriers

The identification of barriers to pedestrian mdpilused in the construction of the

indicators of community severance uses the dedimstibelow:

In the case of barriers posed by transport infuattire, we distinguish between “strict”
barriers and other barriers. “Strict barriers” éxiben pedestrian crossing is only possible at
a very limited number of locations, using footbedgand overpasses. Other barriers exist
where crossing is possible at a larger number @dtlons, but there is a severance effect due
to the intimidation effect of large transport irdtaicture and the accident risk involved in
pedestrian crossing. In the first type of barrigrs,include motorways, dual carriageways and

railways. In the second type, we include all roaldssified as “Improved” [Appendix 4.1 C].

“Industrial” barriers to pedestrian mobility areeas that, due to its morphological or
aesthetical characteristics, have a noticeable tivegaffect on pedestrians’ propensity to
walk or on the amenity-value of walking. These teaisr are identified in the Cartus-AML
land use map and include the following categori®arts, Industrial and Storage Area”,
“Mining Area/Quarry”, “Military Installations” anda selection of the areas classified as
“Metropolitan Equipments” (including airports, adromes, water reservoirs, electricity
transformation poles and waste management cenires)identification of these equipments
in the Cartus-AML map uses the information from thgital National Gazetteer. In the case
of 2001, to the groups of areas above, we addasttbthe areas that from 1991 to 2001
changed to/cease to be in equivalent categoriggiCorine Land Cover datasets.

C: Neighbourhood attributes and pedestrian accessility

Some of the variables used in Chapter 4 to measarghbourhood attributes are
estimated with reference to the street network.séheriables are calculated for Lisbon and

for the suburban area only.

Two of these variables are measures of pedestdeesaibility to specific destinations:
shops and green space. Accessibility to shops &suned by the number of shops that can be
reached within 500m walking distance. Accessibilaygreen space is the weighted number
of green spaces that can be reached within 800mxaenthe weights are given by the site area.
The values for the maximum distances are based®mproposals in the “Streets for Life”

urban design concept developed at Oxford Brookesdusity [Burton and Mitchell 2006],
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which takes into special consideration the expegsnof older pedestrians. This study
suggests as reasonable walking distances the valle®@®m for the case of access to primary
services and facilitiese(g, food stores, post offices) and 800m for secondarvices (e.g.
parks, libraries). The location of shops in 199H &001 is based on information on the
location of shopping centres [APCC 1999, AML d20@8p maps from street-level surveys
[CML 1992; CML d2001a, part5; CM Amadora 2011]. Wefine two indicators of green
space, one based on urban parks and large leisdneereation areas, and another for forests
and other natural areas. The location of thesesasegiven by the Cartus 1990 land use map
[e-Geo d1990], and by information in CML (d200l1artm8) and in street maps. The second
indicator is not calculated in the case of Lisbdne to the inexistence of forests or other

natural areas.

The third variable is the indicator of car parksgace. We assume that residents wish to
park their cars within 100m of home. This valueaisompromise between maximum values
suggested by Balcombe and York (1993) and Borgieas (2008). The indicator then uses as
a base the length of the street network within 1@Jrthe ED representative points. To this
base, we subtract the length that correspondsitbpaekking space, identified in street maps
for 1991 and 2001. We assume that even when sosiengs have access to private parking
space, a deficit of free public parking spacesdrasffect on other car users, who will cruise
for parking and cause time losses for those retsddime indicator then measures the loss of

welfare for local residents due to the lack of pagk

The fourth variable is the proximity to slum are@ge work with the hypothesis that the
residents in one neighbourhood may not wish toraatewith residents of a slum area. Our
variable is based on potential interactions orstheet. We identify the streets within 800m of
each ED representative point and within 800m ofdluen areas. The indicator of proximity
to slums for a given ED is the total length of théersection of the two sets of streets,
weighted by the slum population. The location andydation of the slum areas in 1991 and
2001 is Lisbon is given by LNEC (1990), CML (1993nd EPUL (2007, Part 4). In the
suburban areas, the location of slum areas in 19%hsed on data collected for the 1993
inventory done in the framework of the Special Reding Programme (PER) [CM Odivelas
2005, CM Amadora d2007 and CM Oeiras 2008]. Thatloa of slums in 2001 is based on
the list of slum areas cleared since that inventgisen in the same documents. In the case of
the Loures municipality, we use the informatioraaihunicipal study [CET 1992] and visual
inspection of orthophotomaps for 2001 [IGeoE d2@20N04].
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4. Trips

The disaggregation of the daily trips to work ircle@numeration district is used in the
estimation of average time to work [Chapter 2, ®eac®.2] and in the estimation of road
traffic levels [Appendix 6]. We assume that all EDside eachreguesiahave the same
proportion of workers walking to work, given by ti®91 and 2001 Census Commuting
Database [INE d1991d, d2001d]. Walking trips asdrthuted to every pedestrian destination
within 800m according to its concentration of jghsing the nearby population as a proxy, as
defined in Section 3A of this appendix). The numtfewvorkers walking to work is subtracted
from the total number of workers in each ED, givihg workers commuting by motorized
transport. The trips by these workers are thert splb private and public transport, using
categorical data from INE (1999, 2002band into intra- and inter-municipality trips, ugin
census data. The inter-municipality trips in ea@h d&e assigned to municipalities using the
freguesiamunicipality OD matrix by sector of activity, alable from the Commuting
Database. The intra- and inter- municipal tripsthem assigned to specific destinations inside
each municipality according to its estimated emplegt levels by sector (Section 1 of this
appendixj®. Finally, the number of workers of all sectorsaiggregated for each pair of

districts and destinations.

The probability of non-work walking trips from eadBD part to each pedestrian
destination is used in the estimation of indicatirpedestrian mobility [Chapter 2, Section
2.3]. This probability is assessed for destinatioithin 800m only. The probability is
proportional to the destinations’ population-intgian potential (measured by the number of
people living nearby) multiplied by a correctingctiar of 0.5 in the cases where the
destination is within 500-800m straight-line distanThese values are based on the indicative
distances of the “Streets for Life” concept mengidrabove.

>t should be noticed that this data includes etikers and students and as such incorporateseshtiiat are
not based on the journey to work.

8 The use of proportions in the process of disaggieq of trips used in this section and in Appendiis a
simplification, as in reality the distribution afgs among destinations inside each municipalifyethels not only

on differences in the attractiveness of destinatiout also on differences on the time to reach them
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Appendix 3

Time

The estimation of indicators of accessibility anedgstrian mobility depends on the
distribution of trips throughout the day and ashsubey incorporate assumptions about time.
In the present study, we restrict our analysish geriod 6:00-00:30, which we divide into
two periods: Peak (6:30-9:30 and 16:30-19:30) affdP®ak (9:30-16:30 and 19:30-0:30).
The night period (0:30-6:30) is not considered. Teémitation of these periods was based
on the starting time for the vast majority of tlg in the AML and on distinctions between
levels of provision in public transport serviceheTprobability of an individual making a

given trip in a given period then depends on tigepurpose.

We consider that jobs start either in the morniagkpperiod or in the afternoon off-peak
period and end in the corresponding evening peridtiss is consistent with the fact that
morning and afternoon periods account for 90% ef ttips to work in the AML, and the
evening period accounts for two thirds of all triggh home as destination [DGTT and INE
d1998f°. We also assume that the distribution of tripshimiteach period is uniform and that
the two evening periods are a mirror image of tleemmg and afternoon periods, in terms of
public transport provision and levels of congestidfor both 1991 and 2001, the
disaggregation of workers’ commuting flows betwéle® two periods of the day is based on
the results of the 1998 mobility survey of the papion of the AML, which provides a matrix
of the number of trips between each municipalityphypose of the trip and period of the day
[DGTT and INE d1998§° As this matrix does not disaggregate flows bygpamt mode, we

assume that the distribution of trips is the saoneall modes.

Access to urban facilities is based on a threetipgincluding a trip from home to the
first type of facility, a trip between the two faties and a trip back home. We assume that the
first trip occurs in the morning peak period, whiee others occur in the morning/afternoon

off-peak period. This division covers the openiingels common to most facilities (9:00-

*¥ This includes the return leg of trips from workdamips made for other purposes, hence the relgtiosv
value.
® There was a previous mobility survey, commissiobgdhe Lisbon Underground and conducted in 199@ T

tables with the results of this survey were not enadailable for the present study.
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16:30) and assumes that individuals want or needetat the first facility shortly after its

opening or at a time that requires them to userdresport network during the morning peak-

time.

The propensity to walk around the neighbourhoodssumed to be constant throughout
the day from 7:30 until 19:30, and as such the supoto noise for pedestrians is a weighted

average of exposures in the peak and off-peakghrerio

5 7
Nar=—= Narpeat — Nar
12 Peak 12 OffPeak
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Appendix 4

Private transport network models

1. Components

A: Links

The private transport network is modelled for feasoments in time: 1991, 2001, 2008
(representing present time) and the future. Thelasbcases are used for illustrative purposes
in the final chapter of the dissertation. The piev&ransport network includes motorways,
roads, street links that available for private etdg, and pedestrian links connecting parking

spaces with final destinations.

The private transport network also includes linkydnd the AML. In some cases, these
are links connecting origins and destinations iesite AML, as in the case of the connections
between North and South Banks used before the ogefitheVasco da Gamaridge in
1998. In other cases, the links outside the AMLnsat origins in the metropolitan areas with
the destinations located outside, as defined inedjx 2; or origins outside with destinations

inside the AML, having an influence on traffic lésvénside the AML [Appendix 6.1D].

B: Road classification

The use of the road network as a base to estinmaés to destinations and exposures to
noise must rely on a road classification schemachvhas influence on average speeds and
therefore on the optimal paths estimated for eaphand resulting traffic levels on each road
section. The official classification used by thetBguese Roads Institute does not provide a
useful guideline for our desired type of road dfasation, as it does not refer to the present
state of the road network but to a future “ideatuiation, including links that may not be
built. Furthermore, there are inconsistencies m ¢lassification and numbering scheme, in
face of the distinct roles and characteristicshefioads and of the perceptions that users have
of them. For the reasons above, the classificadwpted in this dissertation does not follow
the official classification into national and muipial roads and considers instead the roads’
functional role inside the metropolitan space, idgtishing between motorways, arterial

roads, local roads and streets. The characteristitse roads in terms of road capacity and
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road surface quality are object of a separateitiizason, which is treated in the next section.

Motorways are treated as a separate network frower obads, with different assumptions
on connectivity and methods to estimate averagedspédn this group, we also include dual
carriageways (Via Rapida’), as in the AML they have the same characteristicsotorways
(limited access, grade-separated junctions andnmuimi of two lanes in each direction)
[DGTT 2000, part B1].

Roads are defined as the links that can be usedddy motorized vehicles and
pedestrians. We distinguish between arterial r@audslocal roads. Arterial roads are defined

as the set of the links that fulfil one of the éolling roles:

= main alternatives to motorways

= main connections to motorways or connections batvadieer arterial roads

= main connections between municipalityflaguesiacapitals

= main connections between capitals and other impbttavns, centres of employment
or other relevant destinations (such as regionadtlerban facilities).

Local roads are defined as the links that do ndfil fany of these roles but where

motorized traffic is still the main element.

The main sources of information for the identifioatand classification of motorways

and roads and the evolution of both since 1991 were

= The National Road Plans of 1985 and 2000 (Decree-8&0/85 of 26/09, Decree-
Law 222/98 of 09/07) and their subsequent altenatio

= The hierarchy of municipal roads as given in thgslation and maps of the original
municipal master plans and their on-going revisiomkis is the main source of
information in the case of complex municipal roadictures such as in Lisbon [CML
d2001a, part 10], Loures [CM Loures 2004, partafifl Almada [CM Almada 2002].

= The list of changes in the motorway, national aeglonal road networks in the period
1991-2000, as given by the Directorate-GeneralLtond Transport (DGTT 2000, part
B1).

= The maps published by the National Road Institatehie yearly Traffic Counting
Reports [IEP 1990-2004, Estradas de Portugal 200572

= Road maps for the years around 1991, 2001 and 2008.

The identification of future changes in the motoywand road network derives from
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information in the current National Road Plan, &ML Regional Plan [CCR-LVT 2002, part
[11.4], the current municipal master plans, docuitsemith the municipal strategic or transport

plans, preliminary studies and newspaper articles.

The GIS modelling of the information above usedaasource the digital road maps
produced by the AML association of municipalitiagpresenting the private transport
network in 1990 and 1998 [AML d2003b, d2003c]. W= this data as a reference to trace
the actual road alignments over the borders ofeti@meration districts, in the cases where
they coincide with roads. This option was takenorder to ensure complete accuracy in
subsequent GIS overlay operations of the trangpeiswork with EDs. For the links beyond
the AML, we use the road map layer of the digitarsion of the official 1:500 000
topographic map [IGeoE d1999], while for futurekénwe used the road alignments mapped
in the Environmental Impact Assessment documengppfoved road plans. The modelling
of the network and the subsequent estimation atatdrs used the ArcGIS 9.2 software and
a set of geoprocessing scripts such as Hawth’ssT&@l7 and ET Geowizards 9.7

Map A.2 gives the locations of motorways, arterial roads cal roads in 2001.

Map A.2: Private transport network in 2001: motorways and roads

— Motorways
— Arterial roads
Local roads
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The final level in the private transport networkthst of streets, which are identified as
the links where pedestrians are the main elemealtiding both urban streets and footpaths
in rural areas. Streets are accessed by both carspedestrians, with the exceptions of

pedestrian-only areas in the city centres. Streete modelled for 1991 and 2001 only.

The compatibility between street data for the déf¢ municipalities is problematic and
in some cases, we chose not to use some detaitadetia available for some areas as this
could create distortions in the estimation of imadiics of pedestrian mobility when comparing
with areas where the available data is poorer. &fbex, we chose to construct the street
network based on the borders of the enumeratidnalss as for the vast majority of the areas
in urban municipalities, EDs are defined by theictuire of roads and streets. This process is
imperfect as there are some exceptions to theahdee. The method also does not cover the
street network in the rural areas, where in mosesd&Ds correspond to whole villages. For
this reason, the information above was edited bgrrieg to information from the following

sources:

= The annual series of topographic maps issued byPtreuguese Army Geographic
Institute (IGeoE), at the 1:25000 and 1:50000 scléeoE d1991-1993, d1988-2005].
The vast majority of the sheets in the 1:25000 aqes covering the AML territory
were updated in the years 1991 to 1993.

= Street maps and orthophotomaps at the municiglitie-line GIS, which in many
cases portrait the situation in a year around 200is information is complemented by
two sets of orthophotomaps from the 1GeoE, whigetber cover most of the territory of
the AML [IGeoE d2001, d2004].

= Street maps of major cities for years around 19&i129001.

» The borders between areas with different typesaod luse in each year, as given by

land use maps and maps in the municipal mastes plan

As the same source of information is not alwayslalke for both years of concern, the
coherence of the information on the evolution &f street network was judged by comparing
the resulting maps with changes in the bordershefe@numeration districts and changes in
land use from 1991 to 2001. This is because maottesie changes correspond to the creation
of new streets or alterations in the street pattespecially in the cases where new land is
developed and built up or where areas are cleavedhie construction of new transport

infrastructure.
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C: Road characteristics

The classification of roads according to its fuowctl role is independent from the
characteristics of the road itself. We make thgtidction in order to incorporate both aspects
in the estimations of average speeds and traffisend he classification of the road quality
was based on the visual inspection of the road®ih years of concern and took into account
lane width, surface quality and existence of cémeservations. We classify roads into three
categories: “Improved”, “Normal” and “Path/Poor”.h& information used for this

classification was:

» for the case of 1991, the orthophotomaps availatlehe National Geographic
Institute on-line GIS (“O Pais Visto do Céu”), whirefer to the situation in 1995 [IGP
d1995].

= for the case of 2001, photomaps at the 25:000C snathe publicatiorAeroguia -
Lisboa e Area Metropolitan&000), complemented with orthophotomaps fromAtay
Geographic Institute [IGeoE d2001, d2004].

= for the case of 2008, the image layers availabl&angle Earth.

D: Network integration

The road and the motorway networks connect at maipijunctions. The location and
evolution of these is taken from the websites & tompanies currently managing each
motorway. The modelling of link connectivity in tlimse of motorways and arterial roads
also includes information on non-connecting nodegh as overpasses and tunnels, taken
from IGeoE (d1991-1993, d1988-2005, d1999).

A series of restrictions is placed on some linkshef network. These are the cases of the
links where access is limited to some users, sukh'bas-only” links and lanes and
“pedestrian-only” areas. The first case uses data CML-DPPE (1995a) and CML-DMPU
(20044a), while the second case uses data front stiges.

The two directions of a road link, one-way linksddmnned turns are modelled only for
motorways and arterial roads. The modelling is Base the information available on road
and street maps. In order to capture the effectsmaiing congestion at some motorway
links, nodes are expanded in the case of motorwastipns, where all turning movements are

modelled, using diagrams available in the publaraieroguia(2000).
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2. Crossing times

Crossing times for light vehicles in each link dfet private transport network are
estimated for peak and off-peak periods and refexarmal meteorological conditions. The
average speeds are based on an initial value éfrtatural” speeds in each type of road

[Section A] to which we apply the effect of limigrfactors [Sections B and C].

A: Base speeds

The modelling of road speeds in Portuguese road®usd to be imperfect unless we
consider the proportion of road users that drivevalthe speed limit, which tend to be the
highest of all OECD countries. As such, we modellthse average speeds considering speed
limits by type and characteristics of the road amaduding information on the percentage of
road users above the speed limit, as given by é¢balts of a study made by the National
Laboratory for Civil Engineering (LNEC) [DGV 200(@. 69]. The estimation of the base

speeds follows the structure below:

Table A.1: Base speeds of light vehicles

Type of link S.pe_ed Serious Speed Speed % above  Average
Limit traffic offence (well-behaved) (badly-behaved) [LNEC survey]  speed
Motorway 120 150 105 135 54% 121.2
Dual C.way 100 130 95 115 2% 109.4
Road 90 110 70 105 48% 86.8
Road (Town) 50 70 40 60 83% 56.6]
Street 30 50 25 40 68% 35.2

Note: Case of roads with “Normal” quality and slope¥@lues in km/hr

Speed limits and speeds considered as “serioufictraffence” are based on the
legislation existing in 2001 and depend on typénd. In the case of roads, they also depend
on location, with separate speed limits for roadthiw towns. Road sections crossing town

borders are therefore divided in two sections inraiwork model.

We assume that in all types of road there are twdskof drivers, the “well-behaved” and
the “badly-behaved”, who drive at speeds withinifeecent interval of values. For the first
group, this interval is defined by the speed ligfitthe roads in the level of the hierarchy

immediately belo’* and the speed limit for that link. For the secandup, the interval is

1 We make an exception for the case of motorwaygrevive consider that the lower limit is the speet lof

roads, and not the speed limit at dual carriageways
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defined by the speed limit and the speed correspgni a serious infraction. The case
represented in the table above is for roads clads#fs “Normal” and crossing flat areas. We
assume that in this case the average speed forgeach is the mid-point of the respective
interval. The average speed of all users is themage of the speeds of two groups weighted

by their proportion, as given by the LNEC survesuiés.

In the cases of the other two levels of road gudlitmproved” and “Poor/Path”) and
roads crossing non-flat areas, we assume thaptweds of each group is a weighted average
of the two interval endpoints. In improved roadessing flat areas, all users in each group
drive at the speed given by the higher endpointlenfbr slopes above 10%, they drive at the
speed given by the lower endpoint. In poor roadssing flat areas, all users in each group
drive at the speed given by the lower endpointJeviar slopes above 10%, the well-behaved
drive at 15km/hr and the badly behaved drive amthr. The variation of the speeds of each
group for slopes between 0 to 10% is proportiondhe variation of the slope.

The data used in these calculations is the delilmitaof “places” (cities, towns and
villages) as given by the General Information Rerieing Base [INE d1991a, d2001a] and
corrected by the borders of built-up areas, givetand use maps. Slope data is given by
[AML d2003e] and in the case of links outside thBIlA estimated from the altitude data
available on the digital Environmental Atlas of Rgal [APA d1982].

B: Restrictions

In the case of roads and streets, to the base spdede we then deduct the time lost at
intersections. We do not model the dynamic aspettgueue building at junctions, but
instead add a penalty time to the links connectedhlk junctions. With the exception of
roundabouts, each link is assigned 50% of the toseat the junctions in each of the link’s

endpoints.

The time lost depends on the hierarchy of the raslslefined in Section 1B of this
appendix and following the structure Table A.2. The stopping times in the fifth column are
values measured by the authors in key locatiorissbhon and Loures in 2006. We assume
that traffic lights exist at the junctions in urbareas where at least one of the links is an
arterial road. The calculation of the time losthese cases is based on a uniform distribution
of cars within the red light period. For junctiowsthout traffic lights, we consider that the
probability of stopping at an intersection is 50#e also assume that in rural areas, traffic in

arterial roads is always given priority.
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Table A.2: Time lost at intersections

Area | Type of road Junction with Traffic lights Stoptime Time lost
Arterial Arterial Yes 45 115
Arterial Local Yes 60 5.2
Urban Local Arterial Yes 30 20.3
Local Local No 30 15
Arterial Arterial No 30 15
Rural Arterial Loczfll No 0 0
Local Arterial No 30 15
Local Local No 15 7.5

The definition of priorities in the table aboveakso used to define a speed restriction
regarding the length of the link, which is appliedall road sections whose length between
stops is below 100m. In these cases, we considérathcars will drive at a cruising speed,

taken as the speed for a street with the same.slope

C: Congestion

The effect of congestion in the reduction of averageeds uses a simple speed-flow
relationship, given by the UK Department of TranspoK DOT 1985, cited in Ortuzar and
Willumsen 2006, p.325-32%. This relationship considers that for traffic flsvabove a
certain threshold, speed decreases linearly uphé¢octapacity of the link, after which it
becomes a non-linear function decreasing on tréiffiw and increasing on the length of the
link. Traffic levels are calculated separatelypeak and off-peak periods and so road average
speeds depend on the period of the day. As werateedhe time lost at junctions in the
crossing speeds of the links they connect, we asshat the speed in a link is not affected by
flows in other links and delays at junctions. Weuwdl note that this assumption is valid for

motorways and long links in rural areas, but doesgnt some limitations in other cases.

The relationship between average speeds incorpgratbngestion §ong and traffic

flows is the following:

62 Although these formulas have been subsequentlyteddby the UK DOT, incorporating more realistic

assumptions, we chose them due to their simplicity.
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(S¢ - Scap)(T ~Tx)

Scong =S¢ —
cong ff Tcap _Tﬁ
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8d ) Teap

In this formula,Tx is the maximum flow at which free-flow conditiopsevail andS; is

the corresponding speed, whilg,, is the capacity flow an,pis the corresponding speed.
In the second expressiod,is the length of the link. The value &fis understood as the
“natural” speed of the link, as calculated in thevous sections, while the values of the other
parameters are deducted from road speeds and tapa&stimated for motorways and major
roads in Lisbon in 2001 [CML-DMPU 2004a, p. 102-]L.0bhich are then extrapolated to
1991. In the rest of the metropolitan area, weaagmcity flows equal to 1800 passenger car
units per hour and lane, which is a rule of thurmdmegally used in transport studies
[Willumsen 2000, p. 167]. We make an exceptionréds classified as “Improved”, where
capacity is taken as 2000, and for specific caskerav measurements are available in
transport studies done in the framework of the mipai master plans. The final speed is
constrained to be above 15km/hr, which was the mim speed observed at the major
entrances in the study above [CML-DMPU 2004a, 7]10

In these calculations, traffic levels refer to tiwurly traffic at peak and off-peak periods,
determined using the methods described in Appe@dikne determination of the number of

lanes uses the same sources of information usibe iclassification of road quality.

3. Optimal paths

The optimal paths on the private transport netwamék used in the calculation of both
potential and realized accessibility to places airkw In the latter case, we consider that
private transport network users comprise the corarsutising the travel modes “Car, as

drivers”, “Car, as passengers” and “Company/scltraolsport”.

The route choice for private transport users assuarational traveller, choosing the best
available route in terms of its preferences overtecattributes. In order to facilitate the
interpretation of accessibility indicators, we assuthat time is the only attribute considered.
However, preliminary analysis revealed that théusion of distance (which is an often-used
proxy for monetary cost) as a cost alongside timeschot have a substantial impact on most

of the estimated routes. This result is due tos#gmentation of the AML transport network
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into separate radial corridors containing a smathber of route alternatives.

The method of traffic assignment allocates to glsimoute all trips from an origin to a
destination (“all-or-nothing assignment”). As sudil| drivers travelling from the same
enumeration district to the same centre of emplaymehoose the same route. The
assumptions are that they have the same preferemeeshe attributes of each route, face the
same constraints over available choices and havsaime perceptions of both.

The optimal route estimation procedure is impleraénh ArcGIS 9.2 Network Analyst,
which uses the Dijkstra algorithm [Dijkstra 195%he routes are estimated for both the peak
and off-peak speeds. Routes start at the EDs mpeds/e points and end at the points
representing centres of employment. In the casemajor urban areas, the routes are
constrained to end at parking areas, with the aksite trip being made on foot. We do not
consider walking from home to parking areas as ssume that car users have access to
parking areas inside or near the buildings whery tlive. Cruising for parking is not
included, assuming that individuals have made gearents ensuring daily access to parking

spaces at places of work or parking areas.

Traffic assignment is based on the set of traveés that do not incorporate congestion.
The resulting traffic levels on each link are thesed to re-calculate travel times with
congestion, as described in the previous sectiba.assumption underlying this procedure is
that users do not consider congestion in their aghoof routes. This ignores the
interdependence between congestion and route ch@secongestion alters the relative times
between alternative routes. A solution to this fation would be to implement a sequential
all-or-nothing assignment representing adjustmehtsaffic flows to travel times. However,
in many cases the shortest routes will oscillateveen different alternatives and the flow
pattern does not converge (Ortazar and WillumseX 2p0.337-340). Furthermore, in the case
of AML, congestion occurs in links connecting aréaswhich no feasible alternative routes
exist, especially in the North corridor (Louresheve all traffic converges to a single access
point in Lisbon. As such, the limitation posed I tassumption above has only a minimal

effect on the estimation of optimal routes.

The distribution of traffic within each period ohda day is constant, following the
assumptions about time stated on Appendix 3. A$,sue do not consider the dynamic
aspect of traffic assignment, the effects of coigesover time and the choice of different

departure times as a strategy to reduce the timetk.
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Appendix 5

Public transport network models

1. Components and crossing times

The public transport network infrastructure andveers are modelled for 1991, 2001,
2008 and the future. The information on infrastuoetand services existing in 2008 is based
on the public transport integrated information egst (Transporlis) available at
www.transporlis.sapo.pt. In the areas that are acmtered by this system, we use the
information on the operators’ websites. The averageel times on each section of the
network are identified for the peak and off-peakiquos and refer to winter weekday

schedules.

The identification of changes occurring from 1962008 uses the information described
in the next sections. Information on future links the rail, light rail and underground
network is extracted from regional and municipangport plans, the operators’ strategic
plans, preliminary studies and newspaper arti¢teall cases, the information is integrated in
the GIS using as a base a series of data layeradptb by the AML association of
municipalities (AML d2003d). This data is adjustedoverlay with both the street network
and the borders of the EDs. For the links extendiagond the AML, geographic data is
extracted from 1GeoE (d1999). Changes in the systecurring after 2001 and future
proposed links and stops and stations are modebegd on existing digital maps, when
available, or edited directly over the 2001 GlSadde. The modelled network for the case of
2001 is presented iMap A.3.
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Map A.3: Public transport network in 2001

Bus and tram
Bus (express route)
— Rail

Underground
— Ferry

A: Bus
The bus system in the AML comprises the Lisbonetsvork (CARRIS) and a series of

operators serving groups of contiguous municigaditand connecting these municipalities
with Lisbon. We distinguish between normal serviaed express routes, considering them as
separate networks, with different stops and avespgeds and different levels of availability
in the peak and off-peak periods.

In the case of Lisbon bus system, bus routes irl E@@ 2001 are extracted respectively
from CML-DPPE (1995a) and CML-DMPU (2004a), whiabver the situation in the years of
concern. The modelling of the services of compaofrating outside Lisbon uses the maps
available in the AML Public Transport Guidebook, igfh refers to the situation in 2001
[AML, DGTT and CML 2001] and gives the availabilitf the services at peak and off-peak
periods and the bus route maps of all operatore Wmaps in this publication are
generalizations and do not always show all theedtreerved, in which case the gaps were
covered using the detailed routes for 2008 founthafTransporLisGIS. The situation in
1991 is deducted from the 2001 maps, based on t@mnpbanges identified in the old
versions of the operators’ websites, archived atititernetWayback MachineThe maps of

the Lisbon tram network and data on respectiveamesspeeds are taken from CML-DPPE
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(1995a) and DGTT (2000, part B2.1.2).

The location of bus stops for both normal and ragivices in 1991 and 2001 follows the
location of stops in 2008, available from thAeansporLis GIS and from the operators’
websites. This method does not apply when we heameece that the bus stop did not exist
in 1991 or 2001, which we assume to be the case wWiexe is no population or centres of
employment in a radius of 500m from that stop. TWualelling of bus stops in the links that
are not served by the bus network in 2008 assuhatghe location of bus stops is regular, at

the same length interval as nearby links with largises.

The crossing times on the bus network are not basetheir schedules, but estimated
based on average speeds at peak and off-peak tusieg, the same framework used for
private vehicles. This is because schedules farudervices are usually given as the average
frequency of services. Congestion has also a sutiitanpact on the average duration of bus
trips, especially in the morning peak-time. We dalla method similar to the one used for
private vehicle average speeds [Appendix 4.2]. Hanethe estimation of bus speeds differs

in the following points:

= Speed limits and speeds considered as serioug tadfences are those for heavy
vehicles.

= We assume that all drivers are “well-behaved”.

= Buses stops not only at junctions but also at bogss We assume that regular bus
services stop have a probability of 50% of stopihg bus stop and that the average stop
is 15 seconds. Rapid bus services always stogactieduled stops, with an average stop
of 45 seconds.

= The length threshold below which buses drive aisorg speed is calculated on the
sections between each stop and junction.

= The minimum value for the speed in congested lislessumed to be 9km/hr, which is
a compromise value between the minimum averagedspleserved for buses in Lisbon
[CML-DPPE 1995a, DGTT 2000, part B2.1.1] and estedarelationships between

traffic levels and bus speeds in some of the masgested routes in 2002 [Vieira 2004].

B: Rail
Rail services in the AML include five suburban knenanaged by two operatoGR and
Fertagu9, and a series of services connecting Lisbon wiitter parts of the country, serving

some of the stations within the AML. Informationoalb the evolution of infrastructure since
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1991 is taken from CML-DPPE (1995a) and DGTT (200éxt B3.3). We also model the
lines used only by freight traffic, as this traffias an impact on noise levels. The exact
location of stations is based on information preddby the national rail infrastructure
company [REFER d2001]. A series of complementafgrimation is associated with each
section of the network and later used in the estanaof noise levels, including the type of
line, width, location of bridges and tunnels andmier of tracks. This information is
extracted from the official railway directory [RERE2007], from the railways layer map in
IGeoE (d1999) and in some cases from orthophotoroapsring the years around 1991 and
2001.

The information on the services provided on eachi@e of the network is taken from the
Portuguese Railways annual guide [CP 1991, 20008]2aGnd from the 2001 and 2008
timetables of the private operator (Fertagus).dchdine, we distinguish between regular and
express services, which are treated separatellgeirestimation of speeds, noise levels and
optimal routes on the public transport network. Bwerage number of cars in a train is
identified using images for 2008 available in GeoBharth and is used in the noise modelling

process.

The crossing times on each section of the netwsrkot based on the times between
stations but on average speeds calculated alorggedostretches of the track, in order to
minimize the measurement error implicit in the fewt published timetables are rounded up

to the nearest minute.

C: Other modes

The evolution of the Lisbon underground system,gomg works and planned
improvements are identified in maps provided in dperator’s webpage. The estimation of
crossing times between stations is based on aveegds calculated over long sections of
each line, using data for 2008. These values aramlated to the lines existing in 1991 and
2001, based on the evolution of the average spettinetwork [CML-DPPE 1995a, DGTT
2000, part B2.3].

Light railways integrate the AML transport systemyoin 2008, after the opening of the
light railway system in the South Bank (MST). Altlgh a large number of plans for future
lines have been proposed, we only include in thdethed future network the cases where the
actual implementation of the projects seems mégdyli the expansion of the MST, new links

connecting railways and the regeneration of olthtrautes in Lisbon. Crossing times on the
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existing lines are based on the respective schediile related average speeds are then used

to model all future lines.

The evolution of ferry routes, terminals and crogstimes is based on maps and
information in CML-DPPE (1995a) and DGTT (2000, tpBB.4). We did not consider the
short-lived link between Lisbon Oriente and the tBdBank not the car ferry between Setubal
and the Tréia Peninsula, located outside the AMtitl, as the estimated number of jobs at
the destination is below the 1000 threshold define8ippendix 2.

D: Network integration

The public transport network connects with the r@ad street network at stops and
stations. The different layers in the public trasrsmetwork connect directly at transport
terminals, or indirectly through the road/streetwaogk or through pedestrian links between
stops and stations. To simplify the modelling psscehe different routes of the same bus
company are included in the same layer and as sllahe road links served by the company
are directly connected. In all cases, rapid sesvare modelled in separate layers, connected

with the rest of the network only at designategbstor stations.

The public transport network does not connect tiyewith the origins of trips at each
ED or with the destinations. The trips from stopsl @tations to those points are therefore
made on foot. The road and street network availadsi@pedestrians comprises all links that
are not limited-access (such as motorways and swoteeal roads). The network includes
links that are not available for cars or buseshsag street elevators, pedestrian precincts and
footbridges over motorways and railways. The iderdiion of these is based on the same
image sources used to classify roads and rails. d$tenation of crossing times for
pedestrians depends on slopes and borrows the legrand parameters used in the Global

Map of Accessibility research project [European @ussion n.d.]:

Speed(km/hr)= 5*&1siope]

2. Optimal paths

The optimal paths on the public transport netwaekwsed in the calculation of indicators
of both potential and realized accessibility tocgk of work. In the latter case, we consider
that users considered all travel means availaldena only the means reported in available

commuting data, which states only the main travetlenused.
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The optimal path on the public transport networbased on itineraries (“single optimal
routes”) and not on possible strategies of usemnwhced with different services linking the
same nodes with different frequencies. As withdhase of the private transport network, we
assume that users of the public transport netwogkraional and well-informed and make
their decisions based on travel time only. We sthawtice that this assumption is potentially
more serious in the present case, as the monetatyof public transport trips is more
perceivable, especially for multi-modal trips inviolg different companies without an
integrated fare structure, as was the case in aidee AML until very recently. The effect of
travel time is also complex, as the time spend iffergnt stages of the trip is judged
differently by users, with waiting and interfacené usually carrying larger weights. As in the
case of private transport, we consider that pubdinsport users do not consider the effect of

congestion on the relative times of different ttanedes or of alternative routes.

In the calculation of time to work and time to umb&acilities, we consider that the
available public transport options are the oneg thaany day of the week, allow passengers
to arrive at the destination in the relevant pelfioebrning or afternoon) and to return from
that destination in the corresponding evening pkrias defined in Appendix 3. This
assumption is made in order to account for thegudarity in the number of the departures
throughout the day and for the unavailability oftalle connections in the rural parts of the
study area. Due to this condition, we do not cagrsitle services offered in a large part of the
rail network in the South Bank. We impose no restns on the departure or arrival time at
home and as such there is no upper bound on thes tassociated with the optimal routes

from EDs to destinations.

The total journey time of a given route in the peakff-peak periods includes the sum of
times used in the crossing of each link, basedhensthedules or speeds at the respective
periods of the day. To these times, we add the imglkme from home or place of work to
the first stop or station used, the interchange thmtween different modes or services and the
waiting times at the first and at all intermedisteps and stations on the route.

We consider that the expected waiting time at its¢ $top depends on the frequency and
reliability of the services. The base waiting tinseequal to half of the service headway,
which assumes that passengers arrive at randone atdp/station and that vehicles have no
capacity constraints. We impose a maximum of 10utes waiting time, as we assume that
users are aware of the exact schedule of lessdnt¢ervices and arrive just before departure.

To the base waiting time, we add a penalty in otdesccount for irregular departure times
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due to delays and variations in service headwayagengestion. The penalty for the case of
rail services is 5 and 2.5 minutes in 1991 and 200the case of buses, the penalty is 7.5 and
5 minutes for buses departing from Lisbon, and & 25 minutes from buses departing from

other municipalities.

The interchange time between different modes orpammes includes transfer walking
time (taken as 2.5 minutes) and waiting time f@ ¢bnnecting service. Waiting time uses the
same values as in the case of the first stops/statised in the route, but without defining a
maximum wait, as passengers cannot adjust theabatvthe stop with the departure of the
service. These methods do not apply to the integhaime between different services
offered by the same company, as they are modelldtei same network layer. In these cases,
we assume that services tend to be perfectly ajusbhd add a token penalty value of 2.5

minutes to the final route when the services condigierent municipalities.
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Appendix 6

Traffic levels

The traffic data collected and published annualytbe National Roads Institute is
limited to a series of monitoring stations at nadib roads. However, in many cases,
municipal roads have higher traffic levels thanioval roads covering the same corridors. In
addition, the data available from the municipaditie not always consistent with the National
Roads Institute database, as the methods of egimndiffer. Due to these limitations, in the
present study we model traffic levels for all linBsthe 1991 and 2001 private and public

transport networks.

We estimate traffic levels for the peak and offipeeeekday periods. The distribution of
traffic within each period is uniform and the tweeaing periods are mirror images of the
morning and afternoon periods. Private vehiclefitdévels are based on the disaggregation
of commuting flows [Section 1]. The estimation aftic transport road traffic and rail traffic

[sections 2 and 4] uses data on the supply side.

1. Private vehicle traffic

Private vehicle traffic is estimated by trip purppsonsidering trips to work, personal
trips for other purposes and work-related trips.

A: Trips to work

The number of private transport trips to work thae each link of the road network is
estimated by aggregating the traffic flows obtaimdwn assigning commuters to the optimal
routes from the representative points of each enafie district to places of work. The trips
from ED to destination by private transport areagi#d using the methods described in
Appendix 2.4. The proportion of these trips thatrespond to workers using private vehicles
as drivers is based on the modal split availaldenfthe 1991 and 2001 Census Commuting
Database at thdreguesialevel. These trips are interpreted as number dficles and
aggregated to each link of the network. As statedppendix 2, in most cases the values
obtained in each individual route are fractionadl anterpreted as the probabilities that the

drivers from a given ED will travel to a given destion using a given link.
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B: Other personal trips

For trips with home as an origin, and whose mastidation is not the place of work, we
assume that the set of origins and destinatiotiseisame as the one used for trips to work,
but considering different factors to measure thaetiveness of each destination. The routes

taken from origins to destinations use the saminapbtroutes as the trip to work.

For trips for educational purposes (made by stig)emie use the commuting database
from the 1991 and 2001 census, applying a prodedisaggregation similar to trips to work.
The number of students is given by the census teesiilthe ED level. The split between
private and public transport users in each EDasstime as in the case of the trip to work. We
also assume that the choice of travel destinai®nise same in all EDs in feeguesia The
destinations in each municipality are proportional the estimated employment in the
education sector. The resulting number of tripg teér to students using car as drivers is
then assigned to each optimal route and finallaglisegated by period of day according to

the results of the 1998 mobility survey.

Trips with purposes other than employment and eeurcare not given in the commuting
database, as they are not necessarily made oiyabdais. We use the results of the mobility
survey to extrapolate from the matrix of trips tortvthe number and geographic distribution
of trips for other purposes in both 1991 and 280Trip purposes include shopping and
services, health, recreational, transport of famigmbers, and visits (social). For each pair of
municipalities, we assume that the ratio betweennthmber of private transport trips for a
given purpose and the number of private transpgss tto work is the same as the one
observed in the survey. This ratio is applied dac#or to the number of trips to work from
ED to municipality, obtaining a matrix of number toips for each purpose. The number of
trips to each destination inside each municipabtythen assumed to be proportional to a
variable standing as a proxy for the degree ofetitreness of that destination for trips for

each purpose. These proxy variables are the fatigwi

% The estimation of trips for other purposes assuthasthese trips start at home, an assumptionishaot

explicitly stated in the questions of the mobiktyrvey.
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Table A.3: Trip purposes and proxies for trip attraction

Trip purpose Proxy

Employment in the Administration, Commerge

Shopping and Services (Retail) and Services sectors

Health Employment in the Health sector
Recreational Employment in the Tourism sector
Transport of family members Population
Visits (Social) Population

In the last two cases in the table, the populassigned to each destination is the sum of
all the population for whom that destination is tlearest, using the population raster model

obtained with the methods described in Appendix 1.

The number of trips obtained for each purposenallly disaggregated by period of the
day and finally converted into vehicles by usinduea on average occupancy of private

vehicles per municipality. Both operations use diaten the 1998 mobility survey.

C. Work-related trips

Work-related trips are the ones made during wamketi This group includes trips as
diverse as trips between offices in private velidad freight transport in light or heavy
vehicles. We assume that trips start and end atobribe points considered as centres of
employment (which in trips for other purposes wavasidered only as destinations) and that
the type of vehicle used (light or heavy) dependstle sector of activity of the person

making the trip.

The estimation of work-related trips also uses ésse the results of the 1998 mobility
survey. The ratio between the number of work-relldtgps between two municipalities and
the total number of workers at the origin in 198&pplied to the 1991 and 2001 levels of
employment by municipality, producing the inter-najpality matrices of the total number of
work-related trips in 1991 and 2001.

Trips are then disaggregated according to centfesngployment at the origin and
destination. We assume that the number of tripsentgdeach type of vehicle to access one
location depend on the levels of employment byaeat that location. We define a measure
of the potential of each sector for generating weillted trips by each type of vehicle,
according to the nature of the sector. For exantbéepotential for work-trips in the industrial

sector is defined as one (maximum) for heavy vebiend zero for light vehicles, while for
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the services sector we take the values of 0.5 arel r@spectively. Levels of employment by
sector are then summed using the values above ightaeThe result is a pair of values for
each location giving its potential for generatingabtracting work-related trips using light
vehicles and heavy vehicles. These values ardyfinged to disaggregate the values of the
inter-municipality matrix of work-related trips Bbth origin and destination. In this process,
we use simple proportions and assume that theldison of destinations is conditional to the
distribution of origins. The result is the numbéitrgps between pairs of locations by type of

vehicle, which are then disaggregated by periath@iday.

Light vehicle trips are converted into number ohieges using the average levels of
private vehicle occupancy at the origins. Heavyialehtrips are identified as number of
vehicles. Vehicles are assigned to the optimale®gbnnecting each pair of locations using
the private transport network, which after summedyield the number of vehicles in each

link of the road network.

D: Non-AML traffic

Traffic flows in and out of the study area are mitedefor all trip purposes, using the
same methods as internal traffic. We model the $ldvat we assume to correspond to regular
trips. The other flows in and out of the AML thaea&ontained in the commuting database are

considered to be sporadic.

The set of destinations and the definition of ragdlows for the case of commuters to
municipalities outside the AML are described in Apdix 2.1 (p.209). In the case of flows
from outside the AML, we take as origins a set &fl&cations corresponding to capitals of
freguesiasmearby, using geographic data from the Nationae@aer A locationis included
in the set if the time on the private transportvmek to some municipal capital in the AML in
either 1991 or 2001 is lower than the sum of therage time to work of private transport
commuters within the AML and the average time takwof private transport commuters in
the rest of the country. The rationale is that lgogommuters to the AML from outside will
be prepared to travel the usual length of timertento reach the border of the AML and
then the usual time taken in the AML to travel frome place to another. The estimation of
the number of trips by year, purpose, type of ehand period of the day use the same
methods as in the last sections, considering aeevafues imported from the AML in the
cases where parameters are not available from388 4urvey. Vehicles are assigned to the

optimal routes on the 1991 and 2001 private transpeiwork from the considered locations
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to each destination.

Trips whose origin and destination is not inside ML but which use links on the
metropolitan transport network are modelled onlytfee case of motorways. The modelling
is based on the proportion of traffic crossing &ML in the total traffic of each motorway
section. This information is given by the compangnaging the motorways crossing the
AML (BRISA), consulted in AML and INE (2001).

2. Bus traffic

Contrary to the case of car traffic, the estimatdthe bus traffic levels does not use the
information contained on the optimal routes obtdirfer commuters using the public
transport network, as the vehicles’ occupancy kvary among bus companies and regions.
As such, we need to refer to the actual numberebicles crossing each section of the road
network. In the case of the Lisbon bus system,itlia@mation is obtained from CML-DPPE
(1995a) and CML-DMPU (2004a). Outside Lisbon, ts@neated traffic levels are based on
data on the average frequency of the servicesaf eampany at peak and off-peak times in

1991 and 2001, using the sources of data mentibefeule.

3. Total road traffic

The sum of all private vehicle and bus traffic $signed to each link in the road network.
Bus traffic and heavy vehicles in work-related drgre previously converted to passenger car
units, using the relation 1 heavy vehicle = 2.5waits. In links with more than one lane per
direction, traffic is divided equally to all laneBinally, traffic is divided equally by the
number of hours in the respective period of the. dde final result is the level of traffic
expressed in passenger car units per lane andoperéstimated for each year, road link and

period of the day.

4. Rall traffic

The number of standard and rapid passenger tramsng in each period in each section
of the rail network is based on the 1991 and 2@b&dules. The accounting includes services
not considered in the estimation of accessibibtych as inter-city trains connecting Lisbon
with the rest of the country and not stopping iatishs within the AML. Freight traffic is
only included in the lines where demand is higiREFER 2007].
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Appendix 7

Noise

Noise maps are available for some parts of theystwda (7 municipalities) for recent
years (between 2001 and 2007). We have not maeetdise of this information, as the
present study requires data on the conditions 81 Ehd 2001 and covering the metropolitan
area. In addition, the available noise maps refgreriods (daytimes. nighttime) that are not
consistent with our division of the day into peald aff-peak periods. The solution to these
limitations was to model noise levels for both ygedocusing on two main sources of noise:
roads (including motorways) and railways. The medeke based on available or estimated
data on the location of infrastructure, trafficéés; compositions and speeds, and on a series
of other spatial variables.

Noise levels are estimated for a 40m grid covetilng study area. The calculation
distinguishes peak and off-peak periods, which espond to different traffic levels, as
estimated by the methods described in Appendixhé. dstimation procedures are adaptations
of the formulas given by the United Kingdom’s Ddpant of Transport for the calculation
of road traffic and railway noise [UK DOT 1995, B¥. These formulas predict noise levels

at different distances from the sources assumimgnalometeorological conditions.

The road and rail links in each year are firstdidd in segments, which are subsequently
treated as separate noise souftesThe segment boundaries are defined by junctions,
connections with other transport network (e.g. me&y junctions or rail stations) and by
variations in the conditions that affect noise esiois and propagation. The estimation of
noise is a three-step process, first assigningsenevel for each segment and then estimating
the noise at the reception point, considering titbenaation due to noise propagation over
space and the features of the site layout. Theibomibns of all segments of all road and rail

sources are then combined for each grid point tivel@n overall predicted noise level.

® We use the UK models since there is no specifisen@stimation methodology for the Portuguese case.
Although the output of the model for road noisa istatistical measure {f), which needs a further conversion
to equivalent noise levels, we use these modadsdar to ensure consistency between the methoestiofiation

of road and railway noise, and because thee mbdetks been validated in several countries outsieéJt.

% Segments with tunnels are not considered as & soisrce.
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Other sources of noise and respective propagatatterps are identified on available
noise map¥. This is the case of the noise from the Lisboermtional airport, flight paths,
aerodromes, the Lisbon tram system and major indusites. This information is used to
estimate noise levels in 1991 and 2001 and in theicipalities where data is not available.

In both cases, we use simple regressions betwasa levels and traffic volumes or site area.

The noise from the Lisbon underground is only miediebn the sections of the line on the
surface, applying the same methods used for railvease. However, the noise from arrival,
stop and departure of trains at the undergroundahasnpact on indicators of exposure to
noise on the way to work. Therefore, the associat@de levels are added directly to the
estimated indicators, using data from measuremientie Lisbon underground system by
Davis and Zubkoff (1964) (results reproduced in lgrgllo et al. 1976, p.89). This data
applies to the 1991 indicators. Given the improvetsién the network from 1991 to 2001, to
the values above we subtract 5 dB(A) in 2001.

The method of estimation of noise levels and thay W integrates into the objectives of

the dissertation are illustrated below:

Figure A.2: Noise: estimation methods and relatiorfsps with mobility

Other sources
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1. Noise emission

The emission of noise from a given source is eséthat a reference position from the

segment (10m for road and 25m for rail) and depemdsaffic levels, traffic composition and

% Noise maps were provided by CML [d2001b], CM Lauf@2004], CM Mafra [d2005], CM Montijo [d2005],
CM Palmela [d2007], CM Vila Franca de Xira [d20@#d CM Almada (2004). Small-resolution versions of
noise maps of other three municipalities were et from published reports: Amadora [dbLab 20@&&]ixal
[Santos 2006] and Oeiras [Garrett and Almeida 2007]
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speeds, and type of infrastructure:
A: Road

The noise levels at peak and off-peak time assigmedroad segment are given in terms
of the Lyp measure, which gives the noise level exceedepi$v10% of the time over a given
period. This indicator is defined as a functiorite road traffic flows in the relevant perféd

L]_O’peak_—34.42+1o IOg_O(TpeaL) dB(A)
LlO,offpeak_‘31-41+10|09.0(Toffpeal) dB(A)

whereTpeakand Topeakare the sum of the traffic flows in both directoat peak and off-peak

times.

These formulas are then adjusted for the effectraific speed and composition, by

adding a correction factor given by
33logio(S+40+500/S)+10logy (1+500p/S)-68.8 dB(A)

whereSis the mean traffic speed (km/hr) gmds the proportion of heavy vehicles in the total
traffic. Data for these parameters come from theutations described in Appendices 4.2, 5.1
A and 6.

Further corrections to noise levels apply to roath certain characteristics. This is the
case of roads on a gradient, to which we @@ dB(A)whereG is the average percentage
gradient of the road segment, which uses data #dnh (d2003b). A correction of3.5
dB(A) is subtracted in the case of roads with pervimal rsurfaces, which we identify as
those classified as “Path/Poor” condition (p.224)correction of-1 dB(A)applies to roads

with impervious surfaces where the speeds are békmn/hr.
B: Rall

Railway noise levels are estimated in terms of doexposure level (SEL). This is the
level that, if maintained constant for a periodooke second, contains the same amount of
acoustic energy as the noise from the actual revisat (the passage of the train). The SEL of
a railway segment is estimated for each track anédch train type and is a function of speed

and the number of vehicles in the train. As sudnmal and rapid services are considered as
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different sources of noise. Locomotives are algated as a separate train and their noise
levels are estimated separately from the rollinigicles. The SELs are given as below, where

N is the number of vehicles comprising the train.
SEL=46+20logy(Speed)+10logy(N) dB(A) (vehicles and electric locomotivés)
SEL=112.6-10log10(Speed) dB(A) (diesel locutives)

This formula is then corrected for some types atkrstructure. To the SELs above we
add a correction o#1 dB(A) for concrete bridges and viaducts and+6f5 dB(A)in the
specific case of the section of line on the 25 WBridge [CM Almada 2004, p. 34].

2. Noise propagation

The effects of propagation of noise are the redaotif noise levels that occur due to the
distance, absorption and screening from obstacldsei noise propagation path from the noise
source to the reception point. We estimate for egah point in the study area the level of
noise from all network segments within 500m, caedcfor the mitigation effects of
propagation. The reception point is assumed to.b@ hbove surface, which accounts for the
level of intrusion of noise on all affected pediests, adults and children. For road traffic, the
noise source line is assumed to be in the middteefoad and 0.5m above the road surface.
For rail rolling vehicles and electric locomotivélse source line is the railhead, while for the

case of diesel locomotives, it is 4m above thdneaitl.

The corrections require a classification of noiserses based on whether the propagation
is obstructed or unobstructed by intervening olietabetween the source and the reception
point. We consider that the main obstacles in thesen propagation path are buildings.
Obstruction occurs when the line connecting soame reception crosses through built-up
land. We identify built-up land in the Cartus-AMI990 land use map as the set of residential
areas defined in Appendix 1 (p.203) and the ar&ssified as “Metropolitan Equipments”,
“Ports, Industrial and Storage Area” and “ShoppGentres”. In 2001, to this set of areas we
add or subtract areas corresponding to equivaksegories in the Corine Land Cover 1990
and 2001 datasets. In the case of motorways ailwiaxe, we also consider the location of
noise barriers, which are identified in orthophotq® for years around 1991 and 2001 and in

®" These are adaptations of the UK DOT hourly-baseahdilas to the 6-hour peak and 12-hour off-peaioper
% The UK DOT formulas for vehicles depend on thecifjietype of vehicle. We have no information iretbase

of Lisbon, so we assume that noise levels for Vehiare the same as for electric locomotives.
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existing noise maps.

The obstruction posed by buildings also dependsvbather they form a continuous
barrier or there are gaps between buildings, irctvioase there is only partial obstruction. We
identify the first case as the built-up land clféediin the Corine Land Cover maps as “Urban
Continuous” and the second case as the land d¢&bsab “Urban Discontinuous”. In the
second case, the segment is treated as two segaatents, one being obstructed and the

other unobstructed.
A: Distance correction

The correction of emitted noise levels for the effef distance applies to both obstructed
and unobstructed propagation and refers to nosgedsion and absorption by the air along
the propagation path. The correction is appliedhenslant distance from the reception point
to the segment at the source position, which fiopéfication we assume to be the point in
the segment which is the nearest to the receptoomt.pThe slant distance is calculated as
d’=[h >+d? ¥, whered andh are respectively the horizontal and vertical dists between
the two points. The vertical distance is given hg tifference in the heights of source point
and reception point, which takes in consideratl@irtaltitude, the height of the noise source
segment above the ground (in the case of bridges/@cucts/overpasses) and the height of
both points above the road surface or railheadsasmed above. Altitude data is taken from
CML (d2001a), APA (d1982) and from municipal ondiISs.

In the case of road noise, the correction applashiorizontal distances>d.5 and
depends on the level of traffic, with an extra mat&ion for roads with low traffic flows,
which comprise most of the streets and minor raadse rural parts of the AML.

-10log10 (d’/10) (traffic>200 veh/hr)
-10log10 (d’/10)-16.6*log10(30/d")*log10(q/200) (traffic<200 veh/hr)

For the case of railway noise, the correction asplor slant distances>l0 and depends
on the type of train. In the case of vehicles h® simple geometric correction we subtract an

extra value accounting for air absorption:
-10log10 (d’/25)+0.2-0.008d’ (vehicles and electric locomasive

-10log10 (d’/25) (diesel locomotives)
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B: Ground absorption

When the propagation of noise is unobstructed dmed ground surface between the
segment and the grid point is of a soft naturegtiealso a ground absorption correction. We
assume that unobstructed propagation applies &redls except the ones classified as Urban
Continuous, where we assume that all area is pawed991, we consider as absorbent
ground the areas classified in the Cartus-AML lars® map as “Agriculture”, “Agro-
forestry”, “Forests”, “Shrub” and “Beaches, Rockpast and Seaside Vegetation”. For the
case of 2001, to these areas we apply the changeguivalent categories in the 1990 and
2000 Corine Land Cover datasets.

The ground correction depends on the mean heighrtopiagation (the mean height above
the ground calculated on the line connecting themand reception points). In relatively flat
areas, such as most of the agricultural areaseoAML, the mean height of propagation can
be approximated bi=h<+0.5h, wherehsis the height of the source point, as assumed above
andh is the vertical distance between the two poinke ground correction is then a function
of the proportion of absorbent grourd) calculated in the area defined by the segmeng end

and the reception point.

For the case of road noise, the ground correcsoapplied ford>7.5 and is given as

below
5.2*A*log;o(X/d)
whereX=3 if H<0.75 andX=6H-15if 0.75<H<(d+5)/6.

For railway noise, the ground correction is appledd>25 and depends on the type of
train and infrastructure. An additional correctimin1.5 dB(A)accounts for the attenuation of
vehicle noise in multiple rail tracks in the casdsen the track support is a layer of ballast
(which, except for bridges, is the case of allways in the area of study). The correction is

then given as below
X*A*log10(d/25)+1.5 (vehicle and multiple tracks)
X*A*log10(d/25) (locomotive or single tracks)

whereX=-3 if H<1 andX=-0.6*(6-H) if 1<H<6.
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C: Screening

In the case of obstructed propagation, we also maétend for the attenuation effects of
screening of the source line, as the propagatiorsoaind changes direction when it is
obstructed by obstacles. The method to calculaestheening correction is an adaptation of
the procedures given by the UK DOT. The correctiepends on the difference between the
length of the direct propagation path between soarwd reception points and the diffracted
path (which passes over the top of the obstaclevdmst the two points). For ease of
calculation, we assume that the direct path isneséid along the horizontal distance (and not
the slant distance) between source and receptlomestimation of the diffracted propagation
path uses the distance from the source and reocegggment to the nearest building or barrier
and the height of these, according to the sketchigare A.3. Here,dBy and dB; are the
positions of the first and last built-up point ajpthe line that connects source and reception,
while By andB; are the heights of the buildings in those poifitee building heights are the
average number of floors in the enumeration dis{igalculated from the 1991 and 2001

census) multiplied by 3, the usual height of affliostituto do Ambiente 2007, p.9).

Figure A.3: Noise screening

Source dB, d-dB;-dB, dB, Reception

The difference between direct and diffracted pahken given by
0=21+Z+7Z3-d

For the case of road noise, the screening correai@ function of the logarithm of the

path differencé’=logio d. The correction is applied for valuesYin the interval-3,1.2]:
-15.4-8.26Y-2.787¥0.831Y-0.198Y+0.1539Y+0.12248Y¥+0.02175Y

with the values being -5 fof<-3 and -30 fory>1.2
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For the case of railway noise, the correction diract function of the path difference
and is applied whef@i< §<2.5:

-7.75*10g1¢(5.2+2039)

with -21 wheny>2.5.

3. Site layout

The estimated noise at the reception point sholdd take into account the geometric
relationships between the segment and the recepioms, including the length of the

segment and effects of noise reflections.

The adjustment to the length of the segment isnestid by considering the segment’s
angle of view, which is the angle subtended bysbgment ends at the reception point. For
the areas classified in Corine Land Cover mapsraatJDiscontinuous, we assume that the
angle of view is divided in half in obstructed amubbstructed pafts The angle of view is
approximated by making use of the trigonometriatiehship between the angles and sides of

a triangle defined by the segment ends and thetiecepoint:

180 {EOZ +E -2

a =— ArcCo (degrees)
/g 2EE;

wherelL is the length of the segment aBglandE; are the distances between the reception

point and the two segment ends.
For both road and rail, the correction for the angflview is then given b{f
10log1o(a/180)

Finally, we have to consider the effects of refl@ttfrom buildings at both source and
reception points. As we require noise levels tareste exposure for pedestrians, we assume
that noise levels always refer to outdoor enviromimdstreets). We then need to take into
account the reflection effects of noise from facadé buildings in front of the reception
point. This effect is added if the reception pasmtocated inside a built-up area and is equal

to +2.5 dB(A) There is also a reflection effect from facadebswfdings on the opposite side

% The assumption is that the average opening betieitdings is equal to the average length of thitdngs.
OIn the case of railway noise, an accurate cowactialue would also need to consider the oriematibthe
segment along the trajectory of the track. To siipphe calculations, we assume that the correasasimilar to

the case of road noise.
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of the source point. This is added when this pgimside a built up area and givenh¥ (r),
wherer is the proportion of the angle of view from eaatd gpoint that is occupied by
buildings. In line with the presuppositions stapedviously, this proportion is taken as one if

the area is classified as Urban Continuous and 0.5 classified as Urban Discontinuous.

4. Conversion and combination of noise sources

The output of the UK DOT method for the calculatioinroad traffic noise is thejy,
which is a quantile-based measure, while the outputailway noise is th&EL which is a
single-event measure. As we need to estimate awesagosures for pedestrians walking
throughout the two periods of the day, we must ednthe two indices to average-based
measures. We use the equivalent continuous sowustl(lexeg), Which is the noise level that,
over a defined period, contains the same amourgcofistic energy as the actual varying

noise.

In the case of road traffic, it is possible to mstie statistical relationships between the
equivalent noise and the quantile measure. We ms&ef the value of the regression model
estimated by TRL (2002}

Leq(road):o .7 7+0.94* Lio

The conversion of SEL to equivalent continuous sidenel for the case of railway noise
is given by UK DOT (1995). This conversion applteseach segment, track and train type
and takes into account the number of trains ancgén®md concerned. The adaptation of the
UK DOT formulas for the peak and off-peak periods a

Leq(rai|),peak:SEL'43.33+10*|0g0T
Leq(rai|),0ff_peak_—SEL'46.34+10*|0g0T
whereT is the average number of trains passing the eginent in the period concerned.

After applying the conversions above, we can comline noise level contributions of all
noise sources to a grid point. At a first stage,cmmbine the obstructed and unobstructed
parts of the segments in areas classified as UMbDetontinuous and the different
contributions of each train type and track for eaal segment. At a second stage, we
combine the noise of different segments and nomecss. This combination is done by

" Although these relationships refer to one-houides,, they can be applied in our case because suenasthat

the distribution of hourly-noise is the same witharch period of the day.
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adding logarithmically the contributions for allagh and railway sources and the non-traffic
sources identified in noise mdps The level of background noise is also included an
accounts for all the sources that were not modellads level is assumed to be 45 dB(A) in
areas classified as Urban Continuous, 40 dB(A)rpald Discontinuous and 35 dB(A) in non-

urban areas. The noise in each grid point in thesengas:

LAeq
L peq =10* Ioglo(zilo 10 )

whereLaeq() is the noise from sourge

The peak and off-peak noise grids are finally coteceto the GIS raster model, in order
to obtain a continuous surface, at a 49 resolution. The map below presents the case of

peak-time period noise in 2001:

Map A.4: Peak-time noise in 2001: AML and detalil

— Motorway
— Arterial roads
Local roads

— Rail

LAeq (db(A)) | }\ N

<45 ™ 65-70 \N,.A

45-50 ™ 7075

50-55 m 75-80 . ®
55-60 M >80 b

60-65

2 The noise levels for the additional sources obaaihich are obtained from existing noise mapsyamen as
Laeq measures for the day and night periods. We apyelywalue of the daytime noise for both peak angbeétk
periods assuming that there are no differencesdmatwthe two periods in either between airport auddistrial

noise.
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Appendix 8

Political factors

The analysis of the influence of political factars transport planning (Chapter 5)
assumes that policy-makers attend to their polifitrests, which depend on the political
characteristics of the populations living in eackighbourhood. In order to map the
distribution of political interest, we have to mask@me assumptions regarding the rationality
of the policy-maker. The main political interestistioe party holding the national or local
governments are the maximization of the probabditye-election in future elections and the
minimization of socio-political protest. Protestshan indirect influence on the results of
future elections and is an indicator of the extentwhich the government’'s policies and
activities can run smoothly, contributing to thegent welfare of the incumbent party. In the
context of transport policy, the party in governinean expect electoral gains in areas that
benefited from a project and electoral losses otgst in areas affected by its negative effects.
The probability of these events depends on thetigallicharacteristics of the populations
living in each area, including their political affiies, political power and degree of

mobilization.

In our analysis, we follow a data-driven approaezhmieasure potential political interest.
We conduct a factor analysis of a set of previolestions and interpret the resulting
components as independent elements in possiblécpbBtrategies for the policy-maker. The
focus of analysis is not the behaviour of a spegtarty, but of an abstract policy-maker,
whose political interests are multidimensional ae®gpend on the political characteristics of
each neighbourhood, as expressed by their elegiatdrns. In the analysis in Chapter 5, we
then assume that these characteristics determenédgree to which the policy-maker will
attend to the welfare of each community.

The hypothetical moment of decision for the prggeand policies analysed in Chapter 5
is 2001. We consider that the political charactiessof each community are measured by
patterns occurring in the set of all elections haldPortugal since 1991. The data come from
the official election results database [STAPE d12929] and include the 1991, 1995 and
1999 General Elections, the 1993 and 1997 Locattibles and the 1994 and 1999 Elections
for European Parliament. For each election, wendesix variables. The first two variables

are the vote shares of the two parties that domitieg political spectrum in Portugal, which
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we label here as “Orange” (right wing) and “Pinkéf{ wing). As possible indicators for
social protest, we include the shares of blank ramtlvotes and the shares of a set of left-
wing parties with traditionally active militancy @rabelled “Red”. As issues of pedestrian
mobility have an environmental dimension, it isoatelevant to include the vote share of the
two Portuguese environmental parties, labelled @eeén™>. The final proportion is the
abstention rate, which can assess both the pralyadiilelectoral gains and the potential for

social protest.

Possible electoral gains and losses for a partyertemn the size and loyalty of its
electoral base in each neighbourhood, while sintitarsiderations apply to the probability of
social protest, as measured by the associatedbedebiehaviour. As such, we construct two
groups of variables aggregating the data from évers elections considered. The first group
contains the averages of the variables definedeabmveach election, while the second group
contains their standard deviations. The two setsaviables are then entered in the factor
analysis, which uses methods similar to the amalyscensus data in Chapter 2 (Section 2.1).
The analysis is conducted separately for the twsteve municipalities and for Lisbon, as the

projects analysed in chapter 5 are the productoisibns by these municipalities.

The unit of analysis is necessarily the smalleshiatstrative areaf(eguesia and as
such, the resulting factor scores need to be disggted at the enumeration district level.
This is done by estimating a regression model batvtlee political factors and the five socio-
economic factors derived in Chapter 2 and averagedeguesialevel. We then use the
regression model to predict the political charasties of the population in each distfitt
This operation carries the double assumption that gpatial differences in both political
characteristics and in the relationships of thésgacteristics with socio-economic aspects at
the level of thdreguesiaalso apply at a smaller scale. It should be nttatthis assumption
poses some limitations, due to a possible “ecoldallacy” (see Chapter 1, p.8) and to the
fact that administrative borders do not follow resaily the spatial distribution of voters.
Table A.4 presents the results of the two factor analysédewable A.5 shows the results of

the regressions between political and socio-econofactors. The factor models are

3 One of these parties forms a long-term coalitidth wne of the parties in the “Red” group. The gssient of
votes of the coalition was proportional to the nembf members of parliament of each party.

" While we use a regression model to explain palitiactors using socio-economic factors, it is alsasonable
to think that political factors are contained withihe residuals of the regression model (what Hami{1995)

calls the “pure politics” factor).
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satisfactory, extracting high proportions of theéatovariance and of the variance of each
individual variablé®, while the regression models are satisfactorydibrbut one of the

political factors.

The most distinctive factor in both regionBlf is the “Left” x “Right” ideological
opposition. The factor is characterized by highdlngs on the historical averages of the
shares of the parties representing the two idecédgioles and by high loadings with opposite
signs on the standard deviations of those shatesrdgression models show that this factor
is explained in both regions by qualification les/@¢f2) and to a smaller degree, by agé)(
and urbanization level$-8), although the effect of this last factor is diéfat in the western

municipalities and in Lisbon.

The second most important factd?2] groups variables suggesting the level to which
communities are willing to participate in the pigitlt process. The variables with high
negative loadings within this factor are the abstenrate (in both regions) and the shares of
blank and null votes (in the western municipalitiés Lisbon, the main explanatory variables
for the P2 factor are the socio-economic factorasugng ageK1) and location of informal
settlementsK4), both with a negative coefficient. In the westeranicipalities, the P2 factor

depends mostly on the degree of urbanizatk). (

The main difference between the two regions respéet nature of the third factor. In the
western municipalities, this factor is related ttow but variable abstention rate and to the
variability in the shares of the Orange and Roséigsa This can be understood as a measure
of the potential for both parties to increase tledéctoral base. This factor depends negatively
on the urbanization leveF8) and on the location of informal settlemerfg) In Lisbon, the
third factor is the relevance of the “Green” voléis factor is not included in the analysis in

chapter 5, as socio-economic factors can only @xik% of its variation.

> See comments orable 2.1in Chapter 2 for methodological details that apgplyable A.4.
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Table A.4: Factor analysis of elections data (1991999)

Western municipalities Lisbon
P1 P2 P3 P1 P2 P3
Left  Political Potential comm. Left  Political Green comm.
% of variance 50.2% 18.6%  14.8% 51.6%  20.7% 9.3%
Orange -0.96 -0.08 -0.16 0.94 -0.97 -0.17 -0.11 0.97
@ Rose 0.92 -0.10 0.21 0.90 0.95 0.15 -0.03 0.93
2 Red 0.91 0.29 0.00 0.91 0.94 0.12 0.11 0.91
g Green 0.88 0.34 -0.02 0.89 0.36 0.57 0.56 0.77
Blank/Null 0.50 -0.71 0.24 0.81 0.73 -0.24 -0.04 0.59
Abstention 0.38 -0.68 -0.45 0.82 0.07 -0.93 0.18 0.90
Orange 0.71 -0.10 0.62 0.89 0.90 -0.07 0.24 0.88
% Rose -0.29 -0.68 0.63 0.94 0.69 -0.56 0.00 0.80
u% Red -0.72 0.25 0.25 0.64 -0.74 -0.14 0.35 0.69
S Green -0.92 -0.11 0.22 0.91 -0.95 0.08 0.13 0.93
? Blank/Null -0.54 -0.50 0.05 0.55 0.23 -0.32 -0.63 0.55
Abstention -0.18 0.51 0.75 0.85 0.14 0.84 -0.40 0.89
Table A.5: Regression between political and sociazenomic factors
Western municipalities Lisbon
P1 P2 P3 P1 P2 P3

R? 0.85 0.68 0.58 0.89 0.55 0.14

F1 (Age) -0.24 -0.25 -0.11 -0.37 -0.44 -0.12

F2 (Qualification) -0.84 0.08 0.24 -0.76 0.22 0.13

F3 (Urbanization) 0.21 0.90 -0.52 -0.21 -0.03 0.16

F4 (Inf.Settlements) 0.10 -0.33 -0.47 -0.03 -0.51 0.18

F5 (Migration) 0.19 0.10 -0.33 0.13 -0.09 -0.17
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Appendix 9

Socio-economic factors and indicators of mobility

The maps in this appendix show the distributiontloé two main factors of socio-
economic differentiation in the Lisbon Metropolitémea (Age and Qualifications) and the
distribution of indicators of accessibility and psttian mobility in 1991 and 2001. The
estimation of both is described in Chapter 2. Tast four maps describe the effects on
accessibility of changes in the transport netwarkhe period 2001-2008 and of changes

projected for the near future.
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F2 (Qualifications)
(1991)

F2 (Qualifications)
(2001)
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Accessibility to places of work
(1991)

Private transport

(thousands)
4.7-40
40 - 80
80 - 120
120 - 160

B 160 -200

Bl 200 - 348

Accessibility to places of work
(2001)

Private transport

Jobs
(thousands)
7.3-40
40 - 80
80 - 120
120 - 160
B 160 -200
Il 200 - 381
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Accessibility to places of work
(1991)

Public transport

Jobs
(thousands)
0-10
10 - 40
40 - 80
B 80 - 103 =" N o

Accessibility to places of work
(2001)

Public transport

Jobs
(thousands)
0-10
10 - 40
40 - 80
= 80-108
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Ratio public-private
accessibility to
places of work

(1991)

0.075-0.1

0.1-0.125

0.125-0.15
= 0.15-031

Ratio public-private
accessibility to
places of work

(2001)

0-0.075
0.075-0.1
0.1-0.125
0.125-0.15
= 0.15-0.35
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Time to work
(1991)

Minutes
92-15
15-20
20-25

M 25-30
W 30-842

Time to work
(2001)

Minutes
96-15
15-20
20-25

M 25-30

W 30-714
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Minutes

[-60.2 , -6]
[-6 , -4]
[-4,-2]
[-2,2]
[2.4]

[4, 6]
[6,35.7]

Change in time to work
1991-2001
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Effect of modal choice
on time to work

(1991)

Time
Minimum Time
1.09-14
14-1.6
1.6-1.8
m 18-2
N 2-55

Effect of modal choice
on time to work

(2001)

Time
Minimum Time
1.07-14
14-1.6
1.6-1.8
m 18-2
2 -396
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Effect of congestion
on time to work

(1991)

Uncongested Time

1-1.05

1.05-1.1

I.1-1.15
m [15-12
Bl [2-136

Effect of congestion
on time to work

(2001)

Uncongested Time

0.86 - 1.05
1.05-1.1
I.1-1.15
m [15-12
[ 2-141
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Round trip time
(mins)

1100

1.2-10
10 - 20
20-30
30-45
45-72.6

Time to urban facilities
(1991)

Private transport

Round trip time

(mins)

1100

1.2-10
10-20
20-30
30-45
45-73.5

Time to urban facilities
(2001)

Private transport
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Time to urban facilities
(1991)

Public transport

Round trip time
(mins)
2.1-10
10-20
Hl 20-30
Bl 30-45
45 - 375

Time to urban facilities
(2001)

Public transport

Round trip time
(mins)
2.1-10
10-20
. 20-30
ml 30-45
. 45 -377
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Ratio public-private time
to urban facilities

(1991)

1.08 - 1.75

1.75-2

2-225
B 225-25
. 25-103

Ratio public-private time
to urban facilities

(2001)

0.97-1.75

1.75-2

2-225
B 225-25
. 25-109
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Community severance
(1991)

Barriers: transport

Proportion of
population not reached
0-0.1

0.1- 0.25

0.25-05
B 05-0.75
N (0.75-1

Community severance
(2001)

Barriers: transport

Proportion of
population not reached
0-0.1
0.1-0.25
0.25-0.5
B 05-0.75
m 0.75-1
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Community severance
(1991)

Barriers: transport and industry

Proportion of
population not reached
0-0.1

0.1- 0.25

025-0.5
B 05-0.75
N (0.75-1

Community severance
(2001)

Barriers: transport and industry

Proportion of
population not reached
0-0.1

0.1- 0.25

0.25-05
B 05-0.75
m 0.75-1

267



Noise around
the neighbourhood

(1991)

LAeq (dB(A))
m 35-50
50-55
= 55-60
| 60-65
m 65-70
M 70-75.5

e
— NN

Noise around
the neighbourhood

(2001)

LAeq (dB(A))
= 35-50
50-55
= 55-60
M 60-65
H 65-70
M 70-77.4
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Noise on the way
to work

(1991)

LAeq (dB(A))
m 35-50
50-55
= 55-60
M 60-65
H 65-70
m 70-74.6

Noise on the way
to work

(2001)

LAeq (dB(A))
= 35-50
50-55
= 55-60
M 60-65
H 65-70
m 70-72.2
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Changes in private transport
job accessibility

(2001-2008)

Motorways /—/—
— Existing in 2001 7 APrivos
LTIV
New 2001-2008 A.Priv01
14-16
Employment change . 1.6-1.9
Increase>5000 = ) ) 1.9-22
v Decrease R m22-25

T M 25-36

Changes in public transport
job accessibility

(2001-2008)

Public transport
A.Pub08

— Existing 2001 APub0l

New infrastructure 2001-2008 03-16

— Rail 1.6-1.9

Light Rail 1.9-22

— Underground m22-25
B 25-46.8
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Future changes in
public transport
job accessibility

Motorways
— Existing in 2008
Planned

A.Priv (Fut.)
A.Priv08

09-1.1
1.1-12
L2 =1L
m13-14
W14-23

Future changes in
public transport
job accessibility

Public transport

A.Pub (Fut.)

— Existing 2008 A.Pub08
Planned infrastructure 09-1.1
— Rail 1.1-12
Light Rail 12-13
— Underground m13-14
o [4-23
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