L

-.‘I‘
P O
S A‘:i‘

5

Sébastian Rauch
Gregory M. Morrison
Andrés Monzon
Editors

[eqO[9 10} DUEI||Y

al1asy00g Aujiqeureisn

Highway and
Urban
Environment

Proceedings of the 9th Highway and
Urban Environment Symposium

@ Springer

ot



HIGHWAY AND URBAN ENVIRONMENT



ALLIANCE FOR GLOBAL SUSTAINABILITY BOOKSERIES
SCIENCE AND TECHNOLOGY: TOOLS FOR SUSTAINABLE DEVELOPMENT

VOLUME 17

Series Editor Dr. Joanne M. Kauffman
6-8, rue du Général Camou
75007 Paris
France
kauffman @alum.mit.edu

Series Advisory Board

Professor Dr. Peter Edwards
Swiss Federal Institute of Technology — Zurich, Switzerland

Dr. John H. Gibbons
President, Resource Strategies, The Plains, VA, USA

Professor David H. Marks
Massachusetts Institute of Technology, USA

Professor Mario Molina
University of California, San Diego, USA

Professor Gregory Morrison
Chalmers University of Technology, Sweden

Dr. Rajendra Pachauri
Director, The Energy Resources Institute (TERI), India

Professor Akimasa Sumi
University of Tokyo, Japan

Professor Kazuhiko Takeuchi
University of Tokyo, Japan

Aims and Scope of the Series

The aim of this series is to provide timely accounts by authoritative scholars of the
results of cutting edge research into emerging barriers to sustainable development, and
methodologies and tools to help governments, industry, and civil society overcome
them. The work presented in the series will draw mainly on results of the research being
carried out in the Alliance for Global Sustainability (AGS).

The level of presentation is for graduate students in natural, social and engineering sci-
ences as well as policy and decision-makers around the world in government, industry
and civil society.

For other titles published in this series, go to
www.springer.com/series/5589



Highway and Urban
Environment

Proceedings of the 9th Highway and Urban
Environment Symposium

Edited by

Sébastien Rauch
Water Environment Technology, Chalmers University of Technology, Sweden

Gregory M. Morrison

Water Environment Technology, Chalmers University of Technology, Sweden

Andrés Monzo6n
Universidad Politécnica de Madrid, Spain

@ Springer



Editors

Sébastien Rauch

Water Environment Technology
Chalmers University of Technology
Sweden

sebastien.rauch @chalmers.se

Gregory M. Morrison

Water Environment Technology
Chalmers University of Technology
Sweden

greg.morrison @chalmers.se

Andrés Monzén

Universidad Politécnica de Madrid
Spain

amonzon @caminos.upm.es

ISBN 978-90-481-3042-9
DOI 10.1007/978-90-481-3043-6
Springer Dordrecht Heidelberg London New York

e-ISBN 978-90-481-3043-6

Library of Congress Control Number: 2009940201

© Springer Science+Business Media B.V. 2010

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by
any means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.
Cover illustration:

Cover design:

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



TH

The Alliance for Global Sustainability

Chairman:
Mr. Lars G. Josefsson, President and Chief Executive Officer, Vattenfall AB

AGS University Presidents:
Prof. Hiroshi Komiyama, President, University of Tokyo
Dr. Susan Hockfield, President, Massachusetts Institute of Technology
Prof. Karin Markides, President, Chalmers University of Technology

Prof. Ralph Eichler, President, Swiss Federal Institute of Technology, Zirich

Members:
Mr. Eiichi Abe, Managing Director, Nissan Science Foundation
Dr. Thomas Connelly, Chief Science and Technology Officer, DuPont
Dr. Hans-Peter Fricker, CEO, WWF Switzerland
Mr. Lars G. Josefsson, President and Chief Executive Officer, Vattenfall AB
Mr. Heinz Karrer, CEO of Axpo Holding
Mr. Kazuo Ogura, President, The Japan Foundation
Mr. Dan Sten Olsson, CEO, Stena AB
Mr. Motoyuki Ono, Director General, The Japan society for the Promotion of Science
Mr. Mutsutake Otsuka, Chairman, East Japan Railway Company
Ms. Margot Wallstrom, Member of the European Commission
Prof. Hiroyuki Yoshikawa, President, National Institute of Advanced Industrial
Science and Technology
Dr. Hans-Rudolf Zulliger, President Stiftung Drittes Millenium, Board of Directors,
Amazys Ltd.






Preface

The 9th Highway and Urban Environment Symposium (YHUES) was held on 9-11
June 2008 in Madrid, Spain. HUES is run by Chalmers University of Technology
within the Alliance for Global Sustainability (The AGS). The symposium was
hosted by Universidad Politécnica de Madrid (UPM).

HUES was initiated by Professor Ron Hamilton at Middlesex Polytechnic (now
University) in the early 1980s and had the title “Highway Pollution”. The initial
aim was to measure and assess challenges in highway pollution, with a strong
emphasis on urban photochemical smog, ozone formation and particle release.
After the first symposium, the emphasis on air pollution issues continued through
to Munich in 1989 where diesel particulate issues and the relevance to health
through measurements of PM 10 emerged. The focus on air quality issues was also
strengthened by the co-organisation of the symposium with Professor Roy Hamilton
at the University of Birmingham from 1986 to 1998. In parallel, the symposium
started to receive an increasing number of scientific contributions from the area of
urban run off, indeed to the extent that the title of the symposium was changed to
“Highway and Urban Pollution”. Also at this time the importance of science in
support of policy was emerging as a key aspect of the symposium.

8HUES was held in Nicosia, Cyprus in 2006 and was hosted by the Cyprus
Institute. For this 8th symposium, we decided to evolve the name of the symposium
to “Highway and Environment” to provide a positive view of our common future
looking to a positive environment. That said, paper addressing pollution issues in
the highway and urban environment remain a central part of the symposium as they
help to raise awareness around issues to be solved. SHUES was also marked by an
organizational change with Chalmers University of Technology taking over the
organization of the symposium. For the first time, the proceedings of the sympo-
sium were published as a book in the AGS book series.

For OHUES we worked with TRANSyT — Universidad Politécnica de Madrid,
Spain to provide a professional and scientific forum on global examples of the science
required to support pathways to a positive and sustainable future in the highway and
urban environment.

Ana Botella Serrano, Delegada del Area de Gobierno de Medio Ambiente y
Segunda Teniente de Alcalde del Ayuntamiento de Madrid opened the symposium
with a keynote speech on the efforts done by the Municipality of Madrid to keep

vii



viii Preface

their environment sustainable. Plenary presentations were given by José Maria
Loépez from UPM, Spain; Stefan Norra from University of Karlsruhe, Germany;
Thomas Pettersson from Chalmers University of Technology, Sweden; Maryse
Labriet from CIEMAT, Spain and Alfredo Tolén Bercera from Universidad de
Almeria, Spain. Presentations covered air pollution, soil and water contamination,
pollution control technologies, land use and mobility, urban climate and climate
change. Best poster awards was given to Ana Estela Barbosa from LNEC, Portugal
and Adalgiza Fornaro from the University of Sao Paulo, Brazil.
The following facts provide a background for 9HUES:

Eighty-two delegates (37 female) from 26 countries, including all continents
One hundred and seven abstracts for papers and posters were received
Fifty oral presentations and 20 poster presentations at the symposium

We would like to take this opportunity to thank all who have contributed to the
success of 9HUES. We would especially like to acknowledge Alexandra Priatna,
Jonna Bjuhr and Yvonne Young at Chalmers’ AGS office and Emilio Ortega and
Patricia Rico at UPM whose organizational skills were essential to the success of
this symposium. Maria Svane at Chalmers’ AGS office is acknowledged for putting
together the proceedings. Finally we would like to thank the delegates for the many
valuable contributions and a highly enjoyable symposium. We would particularly
like to acknowledge the continued participation of Paul Hoglund of Transforsk-
Transearch, Sweden.

The next symposium, I0HUES is planned for 9-11 June 2010 and will be held
in Goteborg, Sweden.

Goteborg, Sweden Sébastien Rauch
Goteborg, Sweden Gregory M. Morrison
Madrid, Spain Andrés Monzén
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Sustainable Mobility and Management



Planning for Sustainable Mobility with Personal
Rapid Transit in Small European Cities

Alexandra Lichtenberg, Patricia Guimaraes, and Heleen Podsedkowska

Introduction

The objective of this research is to introduce a new perspective to sustainable
mobility strategic planning for small European municipalities — a framework for
Strategic Sustainable Development (FSSD) — where back casting from a sustainable
vision in the long-term future is central to the process. This vision portrays mobility
in an efficient, safe and economic manner, where the use of private cars has been
substituted by attractive and reliable integrated sustainable transportation modes.
It is a holistic approach based on systems thinking, which provides a structure for
organizing analysis and strategic planning in complex systems from the perspective
of the mobility issue and the global socio-ecological system.

Continuing economic development and the consequent increase in atmospheric
pollution from motorized transport emissions (particularly in urbanized areas) have
transformed cities into one of the big contributors to the climate change issue
around the planet.

Renewable energy for fuels and advanced technology mobility systems are
already in place to mitigate undesirable effects of existent transportation systems.
However, it has been proved that only mitigating the impact will not solve the problem,
and the need for a long-term solution is urgent.

Besides its downstream impacts on the environment due to greenhouse gas emis-
sions, car dependency has been causing several other problems to human society in
the biosphere. The most impacting are time wasted in congestions, accidents, noise
pollution, the need of raw materials to produce vehicles that do not have a suitable
end of life destination, and the enormous infrastructure needed to support all of this.

In order to reach the vision of sustainable mobility in the future, offering excellent
public transport capable to compete with cars was the primary target. Moreover, beha-
vior change, integrated urban development and energy planning, and economics are also

A. Lichtenberg (0<)), P. Guimaraes and H. Podsedkowska

Department of Mechanical Engineering, Blekinge Institute of Technology,
SE-37179 Karlskrona, Sweden

e-mail: alexandra@ecohouse.com.br

S. Rauch et al. (eds.), Highway and Urban Environment, 3
Alliance for Global Sustainability Bookseries 17,
DOI 10.1007/978-90-481-3043-6_1, © Springer Science+Business Media B.V. 2010



4 A. Lichtenberg et al.

important issues related to the transportation system which deserve careful systemic
(integrated) analyses when planning for sustainable mobility. Personal Rapid Transit
(PRT) systems were analyzed in this study as a suitable and attractive alternative trans-
portation system, offering the advantages of private cars while avoiding its negative
sides, leading urban areas towards zero car dependency contributing to a sustainable
mobility vision in the future. Through Karlskrona municipality’s case study a specific
strategic planning method for sustainable mobility was defined: the Framework for
Strategic Sustainable Development — Sustainable Mobility (FSSD-SM).

Throughout this paper the terms Personal Rapid Transit (PRT) and Podcar are
used interchangeably and have the same meaning.

Method

Literature review on the issues of economics, behavior change, energy, land-use
and transport modes related to sustainable mobility, as well as analyses of research
projects (especially European Union funded and commissioned) and best practice
cases on sustainable mobility and land use planning around the world.

The Framework for Strategic Sustainable Development (FSSD) approach, devel-
oped by Dr. Karl-Henrik Robert for planning in complex systems, is used here as a
main tool informing the achievement of Strategic Sustainable Development in
Karlskrona’s Mobility System. The core elements of this methodology are the back
casting process and the four sustainability principles which guide to a complete
understanding of the unsustainable current reality as well as to serve as constraints
for development of the vision of success in the future [1].

Compliance with these four principles was the basis for planning for a sustain-
able mobility society in Karlskrona in 2050, using the ABCD tool in order to perform
its sustainability analysis, identifying its mobility current reality, a vision for its
sustainable mobility in 2050 with zero car dependency, and compelling measures to
reach this vision. Back casting from Karlskrona’s mobility vision assisted the strat-egic
planning process, ensuring that the actions will lead the municipality closer to its
sustainable vision, bridging the gap between the current reality and the envisioned
future. External advisors reviews and peer reviews completed the methods.

Results

Sustainable Mobility and Car Dependence

Car dependence is a persistent problem of our present society. The car is the domi-
nant form of maintaining personal mobility in a very attractive manner. Its benefits
are difficult to match: it is a door-to-door transportation system available at any
time, the means to gaining access to life necessities and employment, and a source
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Fig. 1 Passenger transport — growth of traffic by mode of transport EU-15: 1970-1999 [4]

of pleasure and social status. So are its disadvantages, including local air pollution,
greenhouse gas emissions, road congestion, noise, mortality and morbidity from
accidents, and loss of open space to roads, parking lots and urban sprawl. Many
people are aware of the disadvantages but see no comparable substitutes to the
automobile. The dilemma of an automobile owner is similar to that of a herd owner
described in the classic case of the “tragedy of the commons”[2]. In the EU car use
is on the rise (in Fig. 1).

As stated in a report by the Low Carbon Vehicle Partnership [3], voluntary
agreements made by the European Commission in 1998 with automobile manu-
facturers in Europe, Japan and Korea to reduce average emissions to 140 g/km
CO, emissions by 2009 are far from being achieved — and an EU regulatory
framework has therefore been proposed, to be ready by mid-2008. There are a
number of reasons as to why progress has been slower than anticipated: (i) consumer
preference has been towards higher performance and larger cars; (ii) progress
with tax incentives for low carbon vehicles across the EU has been mixed; and
(iii) the three trade bodies have been unable to influence the CO, emissions of
vehicles produced by their members and there has been no clearly laid out system
of burden sharing.

Part of the analysis is to suggest ways to revert the car dependence trend,
through evidencing its intricate relation to urban and energy planning, behavior
change campaigns, and a shift in the perception of how to account for the externali-
ties of road transport. Car-Free development encompasses a range of ideas that
places humans before cars and stresses a new urban order based first on quality of
life. To better understand sustainable mobility, causes and effects of transportation
activities must be identified and its upstream issues dealt with accordingly.
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What is Sustainable Mobility ?

Sustainable Mobility is the ability to meet society’s need to move freely, gain
access, communicate, trade and establish relationships without sacrificing other
essential human or ecological values, today or in the future [5]. All of this must be
achieved in a cost-effective manner.

Interaction Between Mobility, Land-Use, Energy
and Behavior Change

Development is closely related to movement. To undertake commercial exchange,
access public services, or engage in recreation and entertainment, society relies upon
the ability to move persons, goods, or information from one location to another. Cities
are a deliberate concentration of these exchange opportunities in order to increase
both the diversity and accessibility of exchange opportunities.

Planners have long known that land use and transport are intertwined and cor-
relate with energy consumption, particularly in urban areas. There is an inseparable
link between establishing locations for human functions, the use of space, and
the impact on the way people travel. Nevertheless, land use, transport and energy
issues are too often viewed and addressed separately [6]. As a result, opportunities
to collectively address individual concerns in each sector are lost. Planning
approaches are often described as adversarial or lacking in proper representation
[7]. Forrester states that “a systematic approach to analyzing and managing urban
land use, transport, and energy systems requires systems thinking: the evaluation of
interrelated and complex systems over time” [8].

Sustainability Principles

In the late 1980s Dr. Karl-Henrik Robert led a network of leading Swedish scientists
from a variety of disciplines, which came up with a principle-based and systemic
definition of sustainability. Over the years these principles have been successfully
adopted by several organizations and communities. As basic or first order principles (SPs),
they intend to be: (i) based on a scientifically agreed upon view of the world; (ii) necessary
to achieve sustainability; (iii) sufficient to achieve sustainability; (iv) general to structure
all societal activities relevant to sustainability; (v) concrete to guide action and serve
as directional aides in problem analysis; (vi) non-overlapping or mutually exclusive in
order to enable comprehension and structured analysis of the issues [9].

Sustainability Principle #1: IN A SUSTAINABLE SOCIETY, NATURE IS NOT
SUBJECT TO SYSTEMATICALLY INCREASING CONCENTRATIONS OF
SUBSTANCES EXTRACTED FROM THE EARTH’S CRUST.
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We dig up substances from the Earth’s crust — various minerals, oil and gas, etc. — and use
them in products and processes, and then release them into nature. We do this at a faster
pace than nature re-deposits these substances back into the Earth’s crust. And as a result,
they accumulate in natural systems and eventually cause problems if their concentrations
get too high. The first principle does not say a sustainable society requires that we not use
any material at all from the Earth’s crust. It does not say that there is no mining in a sustain-
able society. It does say that whatever materials we use from the Earth’s crust, we must use
them in a way that prevents their accumulation in natural systems. This means using them
efficiently, and using them in products and processes where they can be recaptured and
reused, rather than released into the atmosphere, water or soil [10].

There are thresholds beyond which living organisms and ecosystems are
adversely affected by increases in substances from the earth’s crust. Problems may
include an increase in greenhouse gases leading to global warming, contamination
of surface and ground water, and metal toxicity which can cause functional distur-
bances both in humans and animals.

Sustainability Principle #2: IN A SUSTAINABLE SOCIETY, NATURE IS NOT
SUBJECT TO SYSTEMATICALLY INCREASING CONCENTRATIONS OF
SUBSTANCES PRODUCED BY SOCIETY.

Humans combine molecules into new, more complex molecules that nature has never seen
before, and use these complex molecules in products and processes that eventually allow
them to be released into natural systems. Because nature has never seen them before, it
cannot break them down within its regular cycles, and so they accumulate. Note that the
second principle does not say that there are no chemicals in a sustainable society. Rather,
it says that a sustainable society will require that we be efficient in our use of them, and
most importantly that we use them in ways that allow them to be captured and re-used,
rather than dispersed into nature where they can accumulate [10].

Synthetic organic compounds such as DDT and PCBs can remain in the environ-
ment for many years, bio accumulate in organisms and cause harmful effects in
many species. Freon and other ozone depleting compounds may increase the risk
of cancer due to added UV radiation in the troposphere. The solution includes
gradual substitution of certain persistent and man-made compounds with ones that
are normally abundant or break down more easily in nature, and use all substances
produced by society in an efficient manner.

Sustainability Principle #3: IN A SUSTAINABLE SOCIETY, NATURE IS NOT
SUBJECT TO SYSTEMATICAL DEGRADATION BY PHYSICAL MEANS.

“We physically degrade nature’s ability to run natural cycles by encroaching into
natural areas, over-harvesting renewable resources, and eroding nature’s ability to
process our waste” [10]. Humans must avoid taking more from the biosphere than
can be replenished by natural systems, safeguarding nature’s ability to regenerate.
Preserving the integrity of any living system requires that society understands that
what effects one part of a system may ultimately impact the system as a whole. The
downstream effects we witness nowadays — climate change, acid rain, deforesta-
tion, depletion of fish stocks, toxics in toys that accumulate in tissues — can be
traced back to one or more of these three ecological mechanisms. They are all
“downstream” symptoms of more fundamental problems in how our societies are
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designed. An “upstream” approach to planning anticipates and avoids problems before
they occur, as opposed to a “downstream” approach, where resources are used to
deal with the results of the problems.

Sustainability Principle #4: IN A SUSTAINABLE SOCIETY, PEOPLE ARE
NOT SUBJECT TO CONDITIONS THAT SYSTEMATICALLY UNDERMINE
THEIR CAPACITY TO MEET THEIR NEEDS.

In order to achieve the first three sustainability principles and have a thriving
human society, we must also consider the barriers that exist to people meeting their
needs worldwide. If human needs are not met then increasing poverty, conflict and
other forms of social stress will result in more environmental degradation. All
forms of political oppression need to be overcome and human rights respected for
people to have any chance of meeting their own needs.

Backcasting x Forecasting

Far too much time and money have been invested to date in discussing and accom-
modating the movement of vehicles rather than the movement of people. Most of
these projects use forecasting to solve mobility problems and address behavior
change without much innovation in the services provided. Back casting starts with
a desirable future situation, usually described by a set of goals or targets established
by assumed events between the current and future situations. Therefore back cast-
ing is capable of highlighting discrepancies between the current and desirable
future, and incorporating large and even disruptive changes.

A key obstacle to achieving a mode shift from private to public transport is that PT
lacks the attractiveness and reliability. Low quality has a tendency to discourage users
who have an alternative and very attractive option. It may be easier to deter people
from using public transport via low quality than to attract them back via improved
quality. Insufficient attention to improve the quality of public transport and raise
awareness about these improvements could restrict the use of public transport to users
who do not have a choice due to factors such as age or economic status [11].

PRT Systems Technology

PRT systems have been in development and proposed as an alternative to the use of
private cars for over 30 years, against a wide range of vested interests in the automo-
tive and public transport industries. They have the potential for contributing signifi-
cantly to the solution of fundamental problems of modern mobility including
congestion, harmful emissions, dependence on a dwindling supply of cheap oil, and
most recently terrorism. It is a concept that can enable public transport to compete
with the car in urban areas. Apparently, the main barrier to its implementation seems
to be the imbalance between risks and financial support: No local authority buys a
system, due to the development risks as long as it is an unproven technology; and no
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developer invests fully in development, as long as there is no market for the end
product [12, 13]. Only one system has been fully implemented (1972, in Morgantown,
West Virginia). It has successfully demonstrated the viability of key PRT technology
components, including off-line stations, on-demand service, nonstop origin-to-
destination transport and fully automated control systems [14]. Since it began
operating, the system has demonstrated very high reliability of 98% or greater.

The fundamental elements of a PRT system are:

On demand, origin to destination direct service: the service is available on
demand rather than on fixed schedules. In most cases a pod will already be at the
station, available 24 h a day at all stations on the network to meet individual travel
needs. Its size allows for the passenger to choose to have his or her own ride. Non-stop
travel service ensures short trip times (the stations are placed off of the main guide-
way). In this system, traffic is adapted to the passenger, instead of the passenger
having to adapt to traffic — and that is what makes the difference [15, 16].

Small, fully-automated vehicle: PRT vehicles are intended to operate under com-
puter control and require no operator or driver, which considerably lower operating
costs. The system will automatically route the vehicle to the desired destination
within the shortest possible time and without the need for further user interaction
with the system. Operations involve staff to support central control, network man-
agement and vehicle flow systems, maintenance, security, and station services [16].
Due to the need to provide a high degree of safety, speed and accuracy to effectively
manage potentially large fleets of vehicles over complex networks, PRT networks
have a number of unique operating and control system requirements.

Exclusive-use guide ways: designed as elevated systems with beams and support
structures sized for lightweight two-four passenger vehicles. The light weight of
each vehicle allows for economic construction of the guide-ways, and less land-use.
PRT systems use networked and separated guide ways to permit higher transportation
capacity and safety levels as the system will not interfere with current modes of
transportation [17, 18].

Off-line stations: these are a major breakthrough, designed with a “siding” track
or guide way. Vehicles not stopping at a particular station can bypass that station
and are not delayed by other vehicles boarding and alighting passengers; the PRT
station should be sized according to the necessary number of loading berths needed
to handle the demand at each station.

Low-emissions and resource efficiency: electric power is used primarily for pro-
pulsion and vehicle amenities. Beyond the need for propulsion, a PRT vehicle needs
power for on-board systems and passenger comfort. It should support limited
HVAC services as well as vehicle control and communications. The electric power
can come from many different, preferably renewable sources (Fig. 2).

Some power is used to move around empty seats. With PRT, empty vehicles are
sometimes routed to another station with a higher demand.

Figure 3 shows that the power required per seat to move a PRT pod is very low
compared to a bus or a car. The efficiency of the system depend on many other
factors, most of all on the occupancy of the vehicle [19].

Vehicle and Passenger Accommodations: for urban environments, studies have
shown that the typical private automobile has 1.63 occupants for all trips, 1.14
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Fig. 2 Ultra vehicle, test site in Cardiff, Whales (Department of Rail and Public Transportation,

2008)
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Fig. 3 Power per seat installed for various types of transport (kW/seat) [19]

occupants for work trips, and over 93% of urban trips have three or fewer
co-travelers [18], corroborating the need for individual PT services to compete
with car use. PRT vehicles are designed for accessibility, including wheelchairs or
other assistive devices (Fig. 4).

Adapted Framework for Strategic Sustainable Development
in Karlskrona Municipality’s Sustainable Mobility System

Back casting from a desirable future is the core element of this methodology.
“The major benefit of the back casting approach is that it provides a clear sense
of how things need to be, instead of just aiming at making things better than they
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Total (producer & User) cost per passenger-journey
(10 km) for various transit modes
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Fig. 4 Total cost per passenger—journey for transit modes [20]

are now. There is an emphasis on an upstream versus a downstream approach,
which helps to address problems before they occur rather than after the fact.”’[21].
Table 1 show the working process to apply the FSSD to achieve Karlskrona
municipality’s sustainable mobility. The working process for developing the
FSSD-SM consists in:

* Acknowledgments of the system

¢ Building a mobility vision

e Backcasting from Karlskrona sustainable mobility vision — strategy: analyses
of Karlskrona mobility system — current reality, C step, strategic guidelines,
D step

* Suggested actions; suggested tools

The research team facilitated an ABCD workshop with politicians and employees from
the municipality of Karlskrona, which resulted in:

e A list of present barriers to sustainable mobility — B list

e The beginning of the construction of a vision for sustainable mobility in the
municipality in 2050

¢ Brainstormed measures to get to this vision within the constraints of the 4 SPs —
C list

e Thorough understanding of how complex systems work, the need for acknow-
ledging the systems involved and for the creation of guidelines for prioritization
of measures
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Table 1 FSSD-Sustainable Mobility Framework for Strategic Sustainable
Development for Sustainable Mobility in Karlskrona

Karlskrona Municipality’s mobility system withm
socmy wnhl.n the Biosphere: understanding the

T p port systems, land use,
TE energy ¢ behaviour, policy
SYS M making, economical structuring and its impact on

the social and natural environment

® Vision — 2050 Fossil Fuel Free
Municipality
World class and inregrated transport system that
T offers safe, efficient and sustainable travel for all,
SUCCESS where pubhc transport, walking and cycling

pr real and dmu'able altematives to car
travel; 1 Ih! Mum l"Ya
and more atfractive.

* Backastmg from the wision of a

sustainable mobility society
Structured actions must be guided by strategic
guidelines leading towards eliminating car
— in order to achieve sustamable

mobility the measure must meet:
Emissions reduction
Congestion elimination
Resource efficiency -
Recyclability
Semless modal imtegration
User satisfaction
Safety and sucurity
Regarding to a mode system, this must be :

« Comfortable, available on demand,

accessible, fast trip time, affordable

Actions must be prioritized according to the

STRATEGY

= Right direction towards the vision?

* Flexible platform to new developments?

* Good return of mvestment (economical,
social, etc)?

Design the integrated systems network mcluding
walking, cycling and PT, according to prioritized

measures — to achieve integrated implementation
ACTION of the PRT system in Kadm Municipality.

tools, to assist and

support the action:
ABCD tool

LCA

CLD

TOOLS LRP planning system

Conclusion and Discussion

Sustainable mobility in a small municipality where car riding is rising can only be
achieved with the supply of a new technology system, attractive enough to compete
with the use of cars [I. Andreasson, 2008, personal communication']. PRT systems

! Adjunct professor in Transport and Logistics; Director for the Centre for Traffic Research at the
Royal Institute of Technology in Stockholm Sweden.
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were compared with the use of private cars, and not with other PT modal systems.
The fact that it provides personalized on demand service 24 x 7, and is driverless
(therefore allowing for the extended service hours with no extra cost) must be added
to the careful step-by-step introduction of the system with the clear aim to supplant
car use, where additional infrastructure for the private car will not be accepted. The
Karlskrona case study highlighted several benefits which the implementation of
PRT systems would ensure: (i) increased competitiveness for the municipality; (ii)
attracting investment and visitors; (iii) direct and indirect employment effects; (iv)
access benefits to citizens marginalized by poor PT and no access to cars; (v) con-
gestions elimination; (vi) emissions and pollution reduction; (vii) accident and
noise reduction. Thus, the municipality can and should go ahead to plan for the
implementation of PRT systems in the medium term. Unless it decides to embrace
this new technology and plans accordingly, it will go on investing time and
resources into “dead-end” strategies, and not be prepared for issues like peak oil,
ever more severe EU and National regulations concerning emission, etc. The next
step would be to contract expert advice to develop a thorough feasibility study for
the integrated implementation of a PRT system in the city.

PRT systems are not the only magical solution to sustainable mobility — they will
only be an effective solution when properly integrated to the existing modal infra-
structure. The integration will vary from region to region. In smaller cities it must
be integrated to the existing bus (road) and train infrastructure, as well as to the
shorter distance mobility systems like walking and cycling. The bus service must
be reshaped to provide reliable and timely scheduling and routing to attract more
customers. This might be more productive than trying to substitute the fuel the
buses presently run on (if bus ridership raises, emissions per capita will lower
considerably). Bus stops must be redesigned to provide necessary shelter; bike
paths must be planned and implemented. Once planning is completed and imple-
mentation is under way, a marketing campaign can be launched in consonance with
the implementation lead times.
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Financing Urban Transport Through
Value Capture

Lucia Mejia Dorantes and José Manuel Vassallo Magro

Introduction

The European Union in the Green Book on Urban Transport notices that in order
to foster urban and suburban sustainable mobility among citizens, they should be
provided with transport services with quality that is efficient and reliable. However,
to provide good services, it is essential to develop and adequately maintain and
operate the necessary infrastructure facilities. The report intends to establish
different strategies for sustainable urban transport, giving special emphasis in the
need to rely on important economical resources to invest in transport infrastructure.
Those strategies take shape in a group of measures related to budgets, regulations
and different financial instruments such as specific local taxes, in order to accom-
plish the goals.

On the other hand, urban economics states that if a property has the opportunity
to access to better benefits than the others, the demand for it will be higher, increasing
its value.

A new station generates a benefit around it, which people living or working
close to it take special advantage from. This benefit is noticed in the real estate
market increase, especially in the areas close to the stations. The above is because
people prefer to live close to a public transport station that will facilitate their
commuting trips and lower their transportation costs. Likewise, retail stores and
offices are benefited in its location by the number of people that uses this means of
transport and by the facility that means of transport implies to the employees to
commute.
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It is convenient to comment that in some cases negative externalities are
produced around the buildings close to the transport lines. It is important to differen-
tiate between the externalities produced by being close to a station and the ones
produced by being close to the transport line, especially when the line is at ground
level. The negative externalities are produced principally by noise, vibrations and
landscape affection, but nowadays due to new materials and new technology, these
negative effects can be minimized and are topics taken into account when designing
the infrastructure.

If the benefits produced by the infrastructure exist and can be accounted, it is
necessary to question to whom theses benefits belong to. It is true that a new trans-
port line provide a general benefit to the neighborhood but especially to the closest
buildings. This value capture could be used to fund part of the transport infrastruc-
ture construction, operation or maintenance in order to diminish the contribution of
public resources.

In the following part, some mechanisms used in different places are presented,
that contribute to transport infrastructure funding.

Case Studies

There are many examples of value-capture due to a transport infrastructure. We
discuss some of them in the following sections.

Los Angeles, California

To repay construction costs of the Los Angeles Metro Red Line, private businesses
located half or one third mile close to the station, contribute by an assessment rate.
This rate takes into account the benefited area, plus the last 3 years’ delinquency
rates. Furthermore, the price is fixed, therefore properties, independently of the
type of business, pay the same for each square meter. It was a very long process to
establish this mechanism, faced a lot of resistance but nowadays this rate is equal
to the 9% total investment cost of this line [1].

France

This country has established a public transport funding system known as “Versement
Transport (VT)”. It is a specific tax paid by public or private companies with more
than nine workers, located within a 10,000 habitant’s urban transport perimeter.
This tax is used to fund either operational costs or new transport infrastructure. The
Urban Transport Authorities (AOTU) are in charge of establishing this tax as well
as the rate, with a maximum contemplated by the law [2].



Financing Urban Transport Through Value Capture 17

The VT represents around the 33% from all the urban transport’s operational and
investment costs without taking into account the Paris region. In this region, the
companies also contribute with the 50% of the monthly ticket of their employees,
therefore, the companies’ final contribution increases to the 43% [3]. Hence, this
tax is the main permanent funding source that allows vehicle modernization, to
have new infrastructures been built and other operational costs.

Munich, Germany

The mechanism used is based on the interest of the urban developer. If he is inter-
ested in obtaining the license to construct a neighborhood, first he has to obtain the
land value from a real estate experts’ panel. After the land has the license and it has
started to being constructed, the land value will increase. The difference between
those two values is a measure that local authorities may claim, even till two third
parts of this difference, as a source to construct public infrastructure. The rest of the
value corresponds to the land developer [4].

Hong Kong

The train system in Hong Kong is known for its high quality and by its self-financing
mechanisms without using public resources. To achieve so, they have implemented
different mechanisms such as the “Railway-Property Development Model”. This
model gives the rail companies the right to build urban developments around
the stations or even underneath or over the stations [5]. This mechanism allows
maximizing the urban use around stations. Therefore, people could access very
easily to the transport system and much more properties are benefited by the
transport service.

The above implies that urban developments work as financial organisms of
transport projects.

This kind of financial schemes have been used to develop 6 million square
meters of housing and 5 million square meters of office and retail areas [5]. That
explains in part their self-financing transport system.

Spanish Situation

Taxes and Tributes

In the next paragraphs there are briefly explained the most important property taxes
as well as the Special Contribution tribute case.
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Property Tax (IBI)

This tax is paid once a year; the value is established and paid to the city council as
a percentage of the properties official value.

Urban Land Value Increase Tax

It has to be paid by whoever sells urban land, house, apartment, parking space, etc. for
the land value increase it has got while being proprietary. Nonetheless, this tax does
not take into account the reason of that value increase and its objective is not exactly
to contribute to public transport funding. The taxes above, like all taxes in Spain, are
not earmarked. On the other hand, there are as well other mechanisms to collect funds,
such as fees and special contribution that may have self-financing purposes.

Special Contributions

The Spanish law contemplates this tribute as “those tributes where the taxable event
consists in obtaining by the party who executes the event, a benefit or a value
increase in his properties, as a consequence either of public works, or establishment
or extension of public services” [6]. The Highways Law contemplates this financial
mechanism as well, either for physical persons or with corporate identity that
become especially benefited by the property value increase due to the public works
carried out. The problem is how to justify this benefit, the benefit amount and the
impact area. The above has made this tribute difficult to put into practice.

Spanish Experiences

Special contributions are covered in the legislation; however, most of the times are
not used because it might take a long legal process. Nevertheless, there is an initia-
tive to start using them. For example; Parla’s light rail, where the city council
invested 87 million euros to finance it. They look forward to recovering part of the
investment by special contributions from private housing developers, around 10%
of the invested [7].

Other simpler schemes have been put into practice, to fund transport infrastructures,
most of the times through negotiations with developers. This is the case, long time
ago, of the “Cuatro Caminos” metro station in Madrid. The transport company built
anew neighborhood in order to collect money to construct the infrastructure. The same
happened years latter with line 1 expansion in the “Ensanche de Vallecas” zone
where 37% of tunnel total costs were paid by urban developers using the increase
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in property values generated to those properties close to the stations, approximately,
25 million euros.

Another interesting example is the metro line known as Metronorte, where the
company “Telefonica” has funded part of the line to get to their new offices, in “Las
Tablas” neighborhood, called “Ronda de la Comunicacién”. Through an agreement
with the state government, the company contributed with 9 million euros to build
the new station plus 5 million to construct the metro tunnel that crosses the building,
around 260 m long.

Proposals for Spain

Developer’s Fee

The simplest way to achieve value-capture, it saves time and it is based in looking
for Transport Oriented Development (TOD) projects since the very beginning. It is
recommended to legislate in this matter and specially to apply the existent mecha-
nisms, like special contributions. If the developers are demanded to build part of the
transport infrastructures, that will definitely improve the quality of the area, there-
fore increasing the benefits of the buildings, this implies a higher sale’s price. It
would have a high acceptability because society would not perceive this charge, it
could be said that this is a win-win strategy.

It is a measure that has already been applied, either to developers or companies;
however, until now it has depended on the good will of the benefited parts to con-
tribute to the construction. As an example we have Telefonica Company in
Metronorte facing the situation of “La ciudad financiera” of the Bank SCH, that
did not have the willingness to contribute to the light rail construction so it could
reach their new offices in order to benefit their 5,000 workers to encourage the use
of public transport, in contrast, they built a parking lot for 3,500 places.

The main problem is that this scheme could be used to new housing develop-
ments but not in existent neighborhoods even though new transport infrastructure
would be provided, for these cases additional mechanisms should be established.

A Modification to the Urban Land Increase Value Tax

This tax is established by the city council and they are the ones that manage it. The
law says that the tax rate is based on the value increase between the value when
the property was bought and the sale’s price with a 30% maximum. Nonetheless, the
collected taxes go to the general budget resources; hence it is impossible to differ-
entiate which part belongs to transport value-capture.

It is proposed that an infrastructure fund is established by the city councils in
order to capture the tax’s proportional part due to transport infrastructure.
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This is a very simple solution that would have neither acceptability, nor collecting
problems. The main problem is that it has to be fulfilled that the city councils spend these
funds only for public transit. It should be legislated in order to achieve this matter.

Office and Retail Fee

If retail and business centers are well communicated through different means of
transport, the landlord as well as the tenant are benefited by the opportunities they
have. Therefore, they should be asked to contribute to the infrastructure.

For that sake it is proposed to establish a fee where the companies or stores
settled within a perimeter of 1,000 m from the transport station contribute to the
transport infrastructure’s operational costs or exchanging it by their employees’
monthly transport ticket (100% or 50% of it). It would have a very good social
acceptability because the fee would not be paid directly by the society and the
companies located close to stations would receive a better amount of clients, they
would contribute to improve the environmental quality of the cities, they would also
diminish their employees’ transportation costs, promoting the use of sustainable
transport and improving their corporate image. Likewise, the benefits captured by
this measure would be transferred directly to the transport authority and thereby
they would be directly reinvested only in transport infrastructure.

In Madrid some private and public companies already offer this incentive, for
example the Transport Administration in Madrid, most of the public administrations
in Madrid city and in the region of Madrid as well, that provide to their employees
the annual transport ticket. Some national ministries and public organisms like the
Universidad Complutense give this incentive.

Finally, very few private companies provide this incentive, around five or ten and
most of them are small companies.

Private Transport Fee

A similar measure has been proposed in London, Sydney and Perth, but through
taxes to parking lots in business centers. These types of initiatives are very questioned
although they may raise an important amount of money as well as may diminish the
use of private transport.

It is proposed that if people that live in an area benefited by public transport still prefer
to use private transport (at least that their condition turns it to be indispensable), they should
be penalized through a private vehicle fee registered in that property. The objective is
to reduce the number of cars per family, improving each home’s mobility.

It seems to be a very complicated measure to establish because it has to be
defined a border between the zones that are benefited by public transport from the
ones that are not. It seems to be a measure with low social acceptability. Nevertheless,
it would diminish each family’s number of vehicles as well as promoting either
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public transport or a better mobility culture. Finally, it would induce people’s relo-
cation by their means of transport. Those who prefer private transport would move
towards areas where this fee has not to be paid, giving priority to live close to the
stations to the people that prefer to use public transport.

Conclusions

Nowadays, it can be said that value capture has not been taken advantage of to
fund transport infrastructure. In order to achieve the goals set by the EU in the
Urban Transport Green Paper, it is necessary to propose new financial mechanisms
to reinvest in public transport projects in such a way that justice, feasibility and
social acceptability are accomplished.

On the other hand, it is necessary to adapt the current fiscal system to capture
the benefits produced by the transport infrastructures to use them to fund and main-
tain these infrastructures. Likewise, an effort should be made to apply the existent
measures, especially those related to special contributions in Spain.

The presented proposals intend to promote the use of public transport as well as to
penalize the use of private transport in areas close to train or metro stations, in order to
promote that people that work or live close to the stations change to public transport.

It is important to notice the importance of urban densification especially in the
closest zones to stations to attract as much people as possible to fulfill the optimum
operational standards, where value-capture measures would be best exploited.
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Environmental Costs Account: A Base for
Measuring Sustainability in Transport Plans

Andres Monzoén, Alvaro Fernandez, and Pablo Jorda

Assessment of Environmental Costs in Urban Areas

Achieving sustainable mobility in urban areas means to reconcile environmental
protection with social well-being and economic development. These targets include
reducing the negative impacts from transport, including pollution, noise and
congestion, while ensuring affordable, accessible and safe mobility, without affecting
the living conditions of future generations [1, 2].

To measure how sustainable mobility is achieved we need to settle a number of
indicators [3]. However, the assessment methods of transport policies more often
use time and cost indicators rather than environmental ones [4].

The approach adopted to analyze transport sustainability is to develop the socio-
environmental account of transport means for each specific city or region [5]. This
integrated approach considers all transport externalities in a comparative way and is
a good tool for planning taken into account social fairness [6—8]. We have used these
concepts making the travelers transport account of Madrid. In this account, we have
worked with social costs like a way for analyzing the sustainable transport.

This kind of assessment has been improved over time (decades) by including
more factors [9, 10]. Thus, in Europe we can find several transport studies dealing
with counts of general social cost or externalities at a national, regional or urban
level [11, 12].

In this paper, we show the importance of urban and metropolitan environmental
cost among various diverse transports modes. We will analyze the results of the
Madrid case study and we will point to guidelines for a more sustainable develop-
ment in cities.
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Social Transport Account: How to Measure

Environmental costs and externalities allocation are necessary to calculate the optimum
social costs and sound basis to reduce global car mobility in cities [13].

Sustainable mobility is linked to the model for urban development in each city
[14—17]. Suburban sprawl causes trips that are cheaper for user but generate more
global mobility and less social welfare. The internalization of externalities can
correct this process [18].

To deal with this kind of effects we need to know the social cost of all kind of
trips, for each city zone and transport mode [19]. In the transport account presented
here, we have used disaggregated data to provide detailed results for different
geographical zones which influence the costs of trips: urban and metropolitan.

Transport social cost is the cost paid for an individual trip by the whole society.
These costs have two components, one is internal and the other external. The cost
structure is different for every transport mode, so we can use that cost account for
comparing the performance of trips made with different modes. In this study we have
taken into account the following modes: urban bus, suburban bus, metro, suburban
train, car, taxi, and walking (in Madrid bikes are not representative nowadays).

The kind of costs we took into account include: infrastructure, operating cost,
travel time, accidents, noise, air pollution, global warming and land taken. We have
given special attention to externalities within social cost, although we have not
taken into account some externalities such as downstream processes because they
are still not significant [12] (Table 1).

We have made use of different cost methodologies, developed for previous studies,
for each cost category [11, 12, 19, 20]. Then we had to adapt them to the specific
case and values of the Madrid Metropolitan Area. Several previous studies have
already been carried out in Spain on transport externalities costs in urban areas,
both in Barcelona [21] and Madrid [22]. This study is based in the latter, but its
methodology has been improved and applied to the 2004 Madrid Region mobility
survey [23].

Table 1 Costs appraised in the study

Cost Cost elements

Infrastructures Capital costs of investments and replacement of assets, running
costs for maintenance

Operating costs Vehicle related costs, cost of personnel and administrative costs

Travel time Time spent in traveling: access, waiting, trip and dispersion

Accidents Risk value, human capital losses, medical care, administrative costs,
damage to property

Noise Human health impact, damage to property

Air pollution Human health impact, environmental damage, damage to building
structures

Global warming Climate change, impact of energy use, impact of environment

Land taken Loss of habitat, landscape charge
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Madrid Metropolitan Area Case Study: Structure
and Mobility Patterns

Madrid is the capital city of Spain. It is a city of 3.1 million inhabitants, surrounded by
its Metropolitan Ring with a population of 2.3 million. Demographic density and job
distribution varies considerably (see Table 2 and Fig. 1), where the core part (CBD)
plays a big role. These differences have substantial effects on mobility patterns.

For the purpose of this study we have considered two different types of trips:

e Urban trips: origin and destination in Madrid City (either CBD or periphery)
e Metropolitan trips: origin and/or destination in the Metropolitan Ring

The use of different transport modes is rather different between Madrid City and its
Metropolitan Ring (Table 3). Public transport (PT) is the most important transport
mode in the denser central city districts whereas the car is dominant in the suburbs.
The number of walking trips is on the rise in the city centre and is falling in favor
of car use in the Metropolitan Ring. Very few trips are made by bicycle, just 0.1%
in the urban area. Madrid City has a good mobility performance rating but car trips
are increasing at a faster rate than trips by public transport or on foot. Car trips
predominate in the Metropolitan Ring and are growing very rapidly, which is a
clear threat for the future [24]. According to the 2004 mobility survey [23] PT

Table 2 Social Indicators. Madrid Metropolitan Area, 2004

Surface Density Jobs/1,000
Inhabitants  area (km?) (inh/ha)  Jobs inh
Madrid CBD 1,018,732 42 243 959,877 942
municipality Periphery 2,116,513 564 38 815,648 385
Metropolitan Ring 2,328,494 2,086 11 893,982 384
Total 5,463,739 2,692 20 2669,507 489
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Table 3 Modal split in Madrid Metropolitan Area, 2004

Metropolitan

Mode Urban trips Percent trips Percent
Urban bus 1,186,588 15.5 7,535 0.1
Metro 1,525,463 19.9 224,268 3.7
Suburban bus 33,835 0.4 735,463 12.1
Suburban train 173,052 2.3 513,909 8.5
Public transport 2,918,938 38.2 1,481,175 24.4
Car 1,716,583 22.4 2,700,828 44.5
Taxi 508,319 6.6 24,804 0.4
Motorbike 52,818 0.7 30,469 0.5
Walking 2,449,839 32.0 1,835,742 30.2
Total 7,646,497 100.0 6,073,018 100.0
Trips/inhabitants 2.44 2.61

Trips/inhabitants 2.13 2.04

(1996)

accounts for 38% of trips in Madrid City and only 24% in the Metropolitan Ring;
car patronage was 29%, and 45% respectively; while 32% are walking trips in
Madrid City and 30% in the Metropolitan Ring. Comparing data from the two last
mobility surveys 1996-2004, the first observation to make is that the mobility rate
has been on the rise a lot. In Madrid City, it has increased from 2.13 to 2.44 (15%)
trips per person over the 1996-2004 period [23, 25]. In the Metropolitan Ring the
rate has grown even more: from 2.04 to 2.61 (28%) trips per person.

This is mainly due to the increase of car trips in the Metropolitan Ring by 75%.
This change in mobility patterns has a big environmental impact and it is causing
a vicious circle which will produce more car dependency and again more environ-
mental costs.

Transport Costs in Madrid

The transport costs evaluated in this study are €21.7 billions for the whole Madrid
Metropolitan Area (Table 4). Trip time is two third of this total, and economic costs
explain another 28%. This explains why in the assessment process of transport projects
is given very low importance to externalities, including accidents and environmental
costs. Externalities account only €883 million, which means about a 4%. Analyzing
trip costs according to transport mode we can see big differences for all kinds of
costs and for the Area where trips are made [5]. Table 5 shows the results in costs
per passenger—kilometer according to urban and metropolitan modes. In urban trips,
collective public transport is the most competitive. Car cost is practically twice metro
cost, and the metro is the most efficient transport mode in urban trips. However, in
metropolitan trips, costs for different transport modes are more similar.
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Table 4 Transport costs distribution (million €, )

Economic costs Externalities
Infra- Operating  Travel Air Global Land
structures  costs time Accidents Noise pollution warming taken Total
Urban trips 229 3,431 7,325 124 56 137 33 1 11,335
Metropolitan 154 2,358 7,322 239 53 118 82 40 10,366
trips
Total 382 5,789 14,647 363 109 255 115 41 21,701

Table 5 Costs by transport mode, 2004 (€, /100 passenger—kilometer)

2004

Urban trips Suburban trips
Suburban  Suburban

Urban bus  Metro  Car Taxi bus train Car
Infrastructures 0.35 2.71 1.90 2.10 0.07 1.69 0.37
Operating costs 16.31 9.14 52.68  37.55 5.78 5.87 12.15
Travel time 56.71 44.26 4279  48.60 23.29 23.68 23.18
Economic costs 73.37 56.11 97.37  88.25 29.14 31.24 35.70
Accidents 0.67 0.08 1.07 1.24 0.14 - 1.06
Noise 0.19 - 0.82 0.90 0.08 - 0.31
Air pollution 0.76 0.03 1.94 2.12 0.30 0.03 0.67
Global warming 0.09 0.06 0.52 0.56 0.05 0.06 0.52
Land taken - - 0.01 0.01 0.04 0.05 0.24
Externalities 1.71 0.17 4.36 4.83 0.61 0.15 2.80
Total 75.08 56.28 101.73  93.08 29.74 31.39 38.50

In other words, car is more competitive from the social point of view. Suburban
train and bus trips are less costly from a social point of view, but differences are not
big enough to influence a move in trips from car use.

We have to bear in mind also the average trips distances in each Area. Urban
trips made by public transport have an average distance of 7.1 km while car trips
are 7.9 km. This means that unitary costs in public transport are lower than in car,
and also trips distances are more competitive. In the Metropolitan Area we find the
opposite situation: average public transport trip is 21.4 km long, while in car it is
16.3 km.

The conclusion is that in urban areas it is possible to attract more trips towards
public transport modes, but in the suburbs this is quite difficult. Public transport is
a good competitor against cars in denser central areas both from the travelers and
from the social point of view. On the contrary, it has clear disadvantages when it is
operating in urban sprawl zones. In these Areas it is less competitive: longer trips
distances and higher social and economic costs [15].
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Externalities of Transport Modes in Madrid

If we focus our analysis only on the accidents and the environmental part of the
total costs of transport, we see a very different picture both for urban and for met-
ropolitan trips [26].

In both areas, rail modes (metro and suburban rail) present the lowest rate of
externalities. Then buses came second, and the highest externalities correspond
to cars.

In urban trips metro account only €1.7 per 1,000 passenger—kilometer (Table 6).
Urban buses externalities are about €17.2 that is 10 times higher. Car and taxi reach
more than €43.7, almost 25 times more. Among externalities, air pollution is the
most important for urban trips. It accounts for about half of the car externalities and
a high share of the buses.

In the case of metropolitan trips (Table 7), suburban rail accounts only €1.5 per
1,000 passenger— kilometer, the same cost as metro in urban trips. The other modes
have lower unit costs than in the urban part, due to less congestion in the suburbs.
However, trip distances are more than doubled: 18.1 km in the suburbs against 7.4
km for Madrid City trips. Comparing costs among suburban trips in the different
modes, rail based trips have again the best performance in externalities. Bus exter-
nalities are four times higher and those related to car trip externalities are 19 times.
The share of externalities corresponding to air pollution is still the most important, but
lower than in urban Areas. On the contrary, accidents are more relevant, with a cost
of €10 per 1,000 passenger—kilometer made by car.

Table 6 Urban trips. Externalities costs (€,,,,/1,000 passengers—kilometer)

2004

Urban bus Metro Car Taxi
Accidents 6.75 0.76 10.75 12.35
Noise 1.88 - 8.22 8.97
Air pollution 7.64 0.33 19.41 21.19
Global warming 0.87 0.62 5.16 5.63
Land taken 0.01 - 0.11 0.11
Total 17.15 1.71 43.64 48.26

Table 7 Metropolitan trips. Externalities costs (€,,,,/1,000 passengers—kilometer)

2004

Suburban bus Suburban train Car
Accidents 1.39 - 10.64
Noise 0.79 0.02 3.07
Air pollution 2.96 0.32 6.69
Global warming 0.54 0.58 5.16
Land taken 0.37 0.54 2.44

Total 6.05 1.46 28.00
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Recommendations for More Sustainable
Transport Policy in Madrid

The results of this study have two main findings. The methodology developed to
assess social and environmental costs of transport modes has proved to be useful.
Firstly, it enables us to compare mobility impacts on different type of city develop-
ments: low and high density Areas, good and poor Public Transport supply, etc [8].
Secondly, its application to Madrid Metropolitan Area point out a number of policy
guidelines to achieve more sustainable mobility patterns in each part of the city.

The urban development of Madrid City has a clear benefit both from the
economic and environmental point of views. Denser developments are more PT
oriented than those in the Metropolitan sprawl. Costs for the user, for society, and
for the environment clearly fosters a higher concentration of activities in the city.
The length of trips in dense city centers is about 2.5 times than those in the
Metropolitan Ring. City centre trips could be made on foot, cycling or by PT, while
trips in the Metropolitan Ring are more convenient for car.

Therefore we can conclude two urban policy guidelines. The revitalization of
city centers brings economic and environmental benefits. They improve the life of
the citizens, because they are less dependent on car trips. On the contrary low
density developments bring more costs in the long term, resulting in less sustainable
forms of city development [16].

Finally, big cities profit from the good supply of rail modes: metro in the central
part and suburban rail in the suburbs. Although they require big investments, there
are clear benefits in the long run. They produce much less operating and environ-
mental costs because their capacity is higher and their technology is less harmful.

In summary, decision-makers in cities can use social and environmental trans-
port cost accounts to help them with decisions in providing urban transportation.
The socio-economic and environmental points of view provide complementary
views on their duties. Technicians who help them also benefit from transport accounts.
They provide a clear valuation of all transport costs in a comparative way [5, 13].
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A GIS Raster Model for Assessing

the Environmental Quality of Spain
Focused on SEA and Infrastructure
Planning Procedures (LATINO Model)

Luis G. Garcia-Montero, Santiago Mancebo Quintana, Miguel A. Casermeiro,
Isaabel Otero Pastor, and Abdrés Monzon de Caceres

Introduction

Strategic Environmental Assessment (SEA) research has made little progress in
developing analytical methodologies to resolve technical problems and to incorpo-
rate new findings into the landscape planning process. Therefore, the complex and
interdisciplinary nature of environmental problems requires the development of a new
class of GIS, integrating mathematical models, databases and expert knowledge
based on conceptual models [1-3].

Screening is defined by the European Commission as ‘the process by which a
decision is taken on whether or not SEA is required for a particular programme or
plan’. Screening models have been proposed [4, 5], whose results have been effectively
integrated into the decision-making process of two Spanish infrastructure plans:
PIT 2000-2007 and PEIT 2005-2012 [6, 7]. These screening models are based on
a prior GIS raster model containing an assessment model of environmental quality
for the whole of a country, which classifies the Spanish territory.

The objective of the present work is to show the possibilities of this GIS model
for assessing the value of the natural environment of a territory, for use in extensive
geographic areas, and focusing on SEA and planning of infrastructure plans. We have
selected as the main criteria ‘the preservation of territorial environment quality’.
This aims to ‘conserve and improve the quality of the environment... based on the
precautionary principle’ (Articles 6 and 174 of the EU Treaty), and proposes ‘the
integration of conservation and sustainable use of biodiversity into the various plans
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and programmes’ (Convention on Biological Diversity 1992, Rio Earth Summit). [8, 9]
also indicate that environmental quality is becoming recognised as a critical factor
that should constrain landscape planning. The environmental quality of the territory
may be defined as the ‘degree of excellence or merit warranting the conservation of
the essence and structure of the environment or of any of its elements’, as proposed by
[10]. We have chosen this concept, as this author has a markedly practical focus.

However, the author proposes environmental quality assessment models focused
on landscape planning projects applied to territories which range from a small
extension (a municipal district) to an average extension (region). Nevertheless, SEA
procedures require methodologies which enable the assessment of plans affecting
large territories (on a national scale). For this reason we propose a model which
evaluates the environmental quality of large extensions of land; we have called this
model LATINO (LArge Territory Integrated eNvirOnmental model).

Methods

The proposed model is used to compare territorial units [10], and it is combined
with a multi-criteria method which uses six forest structure evaluation criteria to
assess the quality of forest landscapes [11]. We also examine other evaluation cri-
teria based on previously existing environmental information on a national scale.
We consider that with 12 variables it is possible to assess the environmental quality
of the Spanish territory. However, this model is an open system that allows continuous
incorporation of new quality scores.

The map projections, GIS and mathematical software, scale and level of detail
used are described in [4]. As enormous amounts of information are analyzed, it is
impossible to use vector-type GIS operations, and we thus chose to use a GIS
raster-type model. We use GIS models based on logical operations of reclassifying
and combining the raster layers, and numerical vector operations based on the
vector module. [12, 13] propose that the vector module is a suitable method for
integrating multiple indicators into a single index, for practical operating reasons
in planning procedures.

Inventory of 12 Environmental Qualities
on a National Scale in Spain

Based on the available digital environmental information on a national scale, we
use five digital maps: Corine Land Cover 1990 [14]; Spanish Landscape map [15];
Soil map [16]; Habitats map [17]; and Spanish Forestry Vegetation map [18].
These five maps allow us to generate, either directly or by deduction, a set of 12
raster layers (pixel: 100 m): naturalness and singularity of the 50 units in the
Corine Land Cover map; naturalness, singularity and fragmentation of the units in
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the Habitats map; quality and singularity of the units in the Landscape map; quality
and singularity of the units in the Soil map; total vegetation and forest cover; and
forest fragmentation.

A basic panel of 15 experts (from the Technical and Complutense Universities of
Madrid) was consulted in order to obtain a set of four raster layers: naturalness of the
units in the Corine Land Cover and Landscape maps; and quality of the units in the
Soil map. A raster layer of naturalness of the units in the Habitats map was generated
using the naturalness value for each polygon on the map, which were previously
assigned by the experts who participated in the European Habitat Project.

We assess the territorial basic singularity of the different categories or classes in
these maps, using an objective index of basic singularity Eq. 1 [10].

S=Ln((1—(MDX100+1) (1)
Max — Min

where S = territorial basic singularity index; Max = ha of the map’s largest cate-
gory; Min = ha of the map’s smallest category; x = ha of the map category being
evaluated.

This continuous scale is then transformed into a discrete scale of five classes
(rounding each decimal value up to the next whole number). We thus obtain a
higher singularity value for the least represented classes in the territory, in order to
safeguard biodiversity.

We evaluate the degree of territorial basic fragmentation of the different catego-
ries in the Forestry and Habitats maps, using an objective classification calculated
with the GIS [10]:

1. We calculate the surface area of each of the polygons on these maps.

2. We assign a scale of four discrete values which correspond to each of the four per-
centiles of the numeric distribution of frequencies of surface sizes: Fragmentation
class 1 = those sizes of polygons corresponding to the first percentile (0-25%)...
fragmentation class 4 = those sizes of polygons corresponding to the fourth
percentile (75-100%). The greatest value of the fragmentation variable is assigned
to the polygons in the fourth percentile.

Normalisation of the 12 Variables

The 12 variables are normalised (transformed into a common final continuous scale
from O to 1) to avoid overlapping during their subsequent integration into the
model. Formula 2 is used to convert the discrete scales.

Xn:(x—O.S) )
Max
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Equation 3 is used for the transformation from a continuous scale into another
normalised continuous scale.

x—Min
Xn=|—"T—
" (Max—Min) )
Integration of the 12 Variables into the Model

The 12 normalised raster variables are integrated using GIS combine operations.
Each pixel of 1 ha of territory is assigned a vector with the 12 natural variables
valued. We obtain n vectors distributed among the 50 million 1-ha pixels in
Spain.

The next step is to order the n vectors using the modulus, to assign a synthetic
value of theoretical environmental quality. The vector modulus equation (Eq. 4) is
used to order the n vectors obtained based on their components.

vz\/vlz-i—....+vl.2+...+v]22 i=1..12 4)

where v is the vector modulus; and ‘i is a vector component. Then the values
obtained for each of the n Euclidean distances are normalised into m equivalent
classes of theoretical territorial environmental quality required (from 1 to m),
applying the formula (5).

Theoretical natural quality class = (v=v,, )/ (V,,,x~ V) = (M +0.5)  (5)

where Vv is the vector modulus of each of the n vectors obtained; Vi is the

minimum vector modulus obtained; Vyiax is the maximum vector modulus
obtained. In our example, we use five environmental quality classes (m = 5),
therefore, the higher territorial environmental quality class is obtained when
4.5< v<5.5. The uses of 5 to 100 classes are considered sufficient to assist
the SEA and screening models of the two Spanish infrastructure plans: PIT
and PEIT (to distinguish clearly extreme cases of environmental quality in

territory).

Verification of the Model

The goodness of fit is checked against the real model of the five classes of envi-
ronmental quality by integrating our environmental quality map with a map of
protected natural areas in Spain (30% of Spanish territory). We apply a contin-
gency table with the corresponding chi squared test, which enables us to analyse
whether there is a statistically significant distribution of squares with greater
territorial environmental quality inside the protected areas.
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Results and Discussion

The common premise governing environmental assessment and landscape planning
procedures should be “to devote the greatest possible effort to the most signifi-
cant problems”. Therefore, [10] recommends using evaluation criteria to identify
critical environmental areas in order to limit the area involved in the landscape
planning. We use the criteria of environmental quality to identify critical areas
in Spain.

In our example, a total of 102,240 different vectors are obtained with 12 compo-
nents, assigned to each of the 50 million 1-ha grid squares for Spain. The classifica-
tion of the vectors (vector modulus) provides a raster map with 100 classes of
territorial environmental quality (Fig. 1). The raster layers and the combining and
reclassifying operations are able to deal with enormous amounts of information
with no difficulty at all.

The distribution frequency for each of the quality classes is very suitable for
the development of landscape planning procedures (Table 1). The model shows that the
planning of land-use activities would be acceptable in 48.28% of Spanish territory,

Fig. 1 Assessment model of territorial natural quality in Spain (LATINO model — 100 natural
quality classes). Metadata: European projection standard Lambert Equal Area and Datum
ETRS89. One hundred metres pixel-raster maps. Model scale: 1:500,000. Colour codes: low
natural quality classes 1 to 39 = light grey; natural quality classes 40 to 59 = grey; natural quality
classes 60 to 79 = dark grey; greatest natural quality classes 80 to 100 = black
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Table 1 Territorial natural quality in Spain. Application of a new GIS raster

model (LATINO model)

Classes of territorial natural quality Area (ha) Area (%)
Quality 1 to 19 9,110,329 18.27
Quality 20 to 39 14,962,451 30.01
Quality 40 to 59 15,522,632 31.13
Quality 60 to 79 9,673,891 19.40
Quality 80 to 100 588,741 1.18
Total 49,858,044 100.00

Table 2 Distribution frequency of grid squares with different territorial natural quality (1 to 5 classes)
inside and outside the protected natural spaces in the whole of the Spanish territory

Classes of territorial Quality percentage outside Quality percentage inside protected
natural quality protected natural areas natural areas

Quality 1 87 13

Quality 2 85 15

Quality 3 70 30

Quality 4 51 49

Quality 5 33 67

as this would affect grid squares with low environmental quality values (classes 1
to 39). However land-use activities should be minimised in 20.58% of the territory,
as this would affect grid squares with high values (60 to 100).

Finally, a check against the environmental quality map shows that these results
have a good fit with the actual situation (in relation to the scale and level of detail
used). Thus a second test showed that there is a high frequency of squares with high
environmental quality in protected natural areas, and that this is significantly
greater than in the rest of the Spanish territory (p < 0.0001) (Table 2).

In our example of an environmental assessment model focused on SEA and infra-
structure planning procedures (LATINO model), we analyse the environment in the
Spanish territory as a whole. However, this objective contrasts with the availability
and actual capacity, for handling environmental information in a country with an
area of some 506,000 km?. Spain has a low population density (81 inhabitants/km?
compared to the EU 15’s average of 115 inhabitants/km?) and many largely undis-
turbed natural areas. These factors make Spain an exceptional and unique place in
Europe for natural resources. There are, for example, more endemic plant species in
Spain than in the rest of Europe. Moreover, due to its geographic situation and the
complexity of its climate, geology, geomorphology and history, the Spanish territory
is an interrelated mosaic of rich and diverse landscapes and ecosystems, of great
natural value and quality [19].

Spain thus represents a good starting point for developing this type of environmental
assessment model — which would also be valid in other countries — and this model
must take into account Spain’s vast biodiversity and natural richness.

In summary, the GIS raster model developed (LATINO model) has proved to be
a simple and effective tool which provides a useful environmental quality assessment
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for a large territory, based on panels of experts and on objective GIS calculations,
and focusing on SEA and infrastructure planning procedures. This GIS model is an
open system that allows continuous incorporation of new environmental data.
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Sustainable Mobility in Metropolitan Areas

Maria Eugenia Lopez-Lambas

This paper presents some experiences around Europe: Holland, Spain, France, UK,
etc., and their legislative and policy framework. These good practices show how to
combine the right level of provision of infrastructures to attend mobility demand,
but taking care for quality of life and environmental standards in new urban and
business developments. The paper points out which are the key elements of a
mobility plan, its phases, measures and the importance of a well designed public
participation procedure.

Introduction

Some facts [1]:

Europe is one of the most urbanized continents. Approximately 75% of its
population lives in urban areas; by 2020, this will be 80% (EEA).

EU-27 greenhouse emissions would have fallen (1990-2005) by 14% instead of
7.9% (TERM). Short term projections indicate that 2010 greenhouse gas emissions
will be the same as in 2005.

Urban transport contributes to 40% of transport related CO, emissions and is
responsible for 70% of emissions of other pollutants arising from road transport.
The number of road traffic accidents in cities is growing each year: one in three
fatal accidents happens in urban areas.

According to the World Health Organisation, about 100,000 deaths a year could
be linked to ambient air pollution in cities in Europe.

NO, and PM | concentrations at selected traffic monitoring stations indicate that
cities are at or above European quality air limits.
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With this panorama, it is not surprising to consider transport as the villain of the
movie, guilty of almost every wrong things regarding environment and, all in all,
quality of life. But the transport sector may be seen from different perspectives,
each on them, obviously, depending on which side are we. So, from an economic
point of view, transport contributes for more than 10% of the GDP of the European
Union, and gives employment to more than ten million people in the same context.
On the other side, as a social cohesion and land integration factor transport means
other interesting and by no means insignificant key aspect for economic competi-
tiveness of the different countries, fostering a number of associated activities, such
as auto-propulsion industry, assets, etc.

This said, transport has a dark but not hidden side, linked to the sustainable devel-
opment of our societies, focused on one of the three pillars of what we have called
“sustainability”: the environment, in such a way that being the results positive