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ABSTRACT

Within Spain, the Andalusia region is a highly nogwlization area. Therefore,
there are significant debates (political and pubdkbates) about the light rail as
the main public transport system in order to fiotlsons to the environmental,

social and urban problems due to the current melitap mobility patterns and

the high automobile dependence. So, three mettapotegions in Andalusia,

Sevilla, Malaga and Granada have been selectec$earching about the light
rail suitability, as a new public transport systamd the main metropolitan

transformation tool.

In this context, it seems interesting to assessirthevation capability of the
light rail. According to this goal, a methodolodigaocess is designed in this
paper, to detect the main light rail innovatiomsthie town and spatial plans and
light rail projects. That way, seven light rail'snkl of innovations have been
defined, such as, environmental, urbanism, ecoramid¢echnological,
management, modals and social innovations.

INTRODUCTION

Not only has the mobility been a key factor in titg’s transformation towards
a metropolitan region, but nowadays it is an imgairt source of the
environmental problems, such as, atmospheric pafiudr noise. During the last
60 years, the car mobility has contributed to irdakanges in the facilities and
residential locations or in the metropolitan madiliflows (Newman;
Kenworthy, 1998). Therefore, it has been develapdtle Spanish metropolitan
regions strong relationships between spatial sirastand the higher values of
the car dependence. These interdependence relat@ve induced a
metropolitan mobility patterns which have huge arlsocial and environmental
costs, such as: damage on air quality, landscagenintation by road or urban
growth, traffic congestion or energetic efficien@anister, 2005a; 2005b).
Hence, a response since administration, planneciéimdn seem to be important
for promoting mobility patterns more sustainablétrian, 2003) (Arrington,
2008).



Since European Union has been proposed severaigsoland strategies which
try to promote mobility sustainable patterns in roptlitan areas (EC, 2007).
With this goal, the policies and strategies presipumentioned have promoted
the light rail system as a possible solution toatiwg effects, which have been
originated by uncontrolled mobility (Hass-Klau; @naton, 2002) (Zamorano;
Bigas; Sastre, 2007). Hence, the light rail sysierransformed in one of the
main metropolitan innovation factors (Hass-Klaua@pton, 2003). So, it seems
appropriate to identify and understand the innoveti derived to light rall

system, and how these innovations are proposedhanrégional, town and

mobility plans (Vieira; Moura; Viegas, 2007).

In this case of study, it could be said that thed@uosia region is highly
metropolization region in Spain (Ministerio de \dwda, 2004). For example,
the metropolitan area of Sevilla and Malaga exdeetl.000.000 habitants. In
the case of the Cadiz y Granada, its metropolit@asahave around 600.000
habitants, while the case of Cérdoba exceeds 30(h@bitants. During the last
years, in the main metropolitan Andalusia areasera/tthe private transport is
predominant with values of 67% over public transp@onzéon; Pardeiro;
Pérez, 2006)- have had a lot of debates (publicpaiveites debates) about the
necessity to design a light rail system -as basial tin the andalusian
metropolitan mobility- have been induced by diffgrenvironmental, social and
urban problems previously mentioned.

In this context, since Andalusia government haslkesigned a set of policies
and tools (through the Andalusia Law 2/2003 de @ad&n de los Transportes
Urbanos y Metropolitanos de viajeros en Andalucvgljch is based in the
promotion to the public transport, to develop metidgan mobility plans and
the creation of the 5 metropolitan transport cotisor (Sevilla, Malaga,
Granada, Cadiz and Campos de Gibraltar). Besitlhasibeen chosen the light
rail system as the main tools, which can develdjer@int environmental, social
and urbanism innovations in the metropolitan mopili

Finally, having account the development level oé tight rail system in
Andalusia, in this research has been selectedabesoof Granada, Malaga and
Sevilla (Table 1 and Figure 1)
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Figure 1. Location of the light rail lines in the casesstidy



METHODOLOGY

Basically, this research is based on the envirotahemban innovation concept
which is defined, In order to simplify the analysas:

“a set of changes and positive effects in the udmronment which are
induced through the light rail systém

Essentially, the environmental urban innovation ustiobe understood as a
forecast in the regional, town, mobility plans d@hd light rail projects for each
test-area, Granada, Malaga y Sevilla. Therefore nthain factors which permit
us to identify the different innovation are:

- The urban regeneration

- The environmental quality

- The urban design

- The public transport network

- The efficient public transport management

The methodological process designed has the fdteps:

1* methodological step: Identifying and studying inmations The innovations
identified are included in the regional, town andhifity plans and the light rail
projects. Figure 2 shows the interactions betwaeh essue mentioned.

R INNOVATIONS -

Plans - Plan - Project
Strategies Construction

Figure 2. Interactions between, innovations, plans andegtej

The different innovations are studied in this melblogical step, where it will
be almost classified in different categories, sa€h

- Environmental innovationknked to air quality and noise.

- Urbanism innovationgelated to pedestrian areas and corridors, street
design, facilities location, etc.



- Economical innovationselated to discount per age, bonus, project
investment...

- Technological innovationsvhich have account the security system,
roadway, etc.

- Management innovationsyhich try to search of the new management
tools.

- Modals innovationslinked to the relationship between the different
public transports such as, light rail, bus, cakebetc.

- Social innovationdjnked to social benefits of the light rail system.

Table 2 shows the different plans and project whigeannovations will be
analyzed.
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Table 2 Plans and project in the test-areas

2" methodological step: Assessing the innovation'svdls in order to
Ongkittikul 'y Geerlings (2006) classification abothe transport system
innovations -which was designed first by Galloy)@2)-. This classification has



been adapted to the light rail system in this papdrere are identified five
innovations levels:

1) Radical Innovation It is the creation of a totally new product. E.g.
changing a street with car to a pedestrian strneetloe light rail system.

2) Incremental Innovation This type of innovation consists simply of
improving certain characteristics, without any ajpano the structure of
the system. E.g. Increasing to sidewalks in a sivéh car.

3) Ad hoc innovationdefined as the interactive (social) constructidna
solution to a particular problem. E.g. Public spaort infrastructure with
accessible design for disability people.

4) Recombinative innovation.Innovation of this kind exploits the
possibilities opened up by new combinations of auasi final and
technical characteristics, derived from an esthblisstock of knowledge
and a given technological trajectory. E.g. Techgimal security
simulations.

5) Formalization innovation this model consists of putting service
characteristics “into order”, specifying them, makithem less hazy,
making them concrete, giving them a shape. E.gnspart cards and
tickets without touch.

TIPOLOGY OF INNOVATIONS
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Graphic 1. No. Innovations identified per test-area



Firstly, a summary about the main characteristidh® innovations studied will
be showed in this chapter. That way, having accthentnetropolitan context or
the incidence level of the light rail system on ambenvironment, different
Graphics have been elaborated for describing béierinnovation context
which will be studied later for each region, Gramadalaga y Sevilla.

Therefore, studying the presence of the differenbvations in the plans and
light rail projects for each test-area, it could baid that in the Sevilla
Metropolitan Area has been identified more innawadi than in the other study-
areas, specifically in the case of the technoldgarad social innovations.
Secondly, Méalaga Metropolian Area has more innoveti than Granada
Metropolitan Area, where the most important diffese is in the urbanism
innovations (Graphic 1).
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Graphic 2. Innovations in the plans and light rail projects

On the other hand, analyzing the innovations focheplan and light rail
projects, it could be seen that the town plansthedight rail projects include
more innovations than other plans as such; regionahobility plans (Graphic
2).

Table 3 shows de innovations identified for ea@mpproject and metropolitan
area.



INNOVATIONS

POTAU

GRANADA

PGOU
PMM
PMU

METRO

POTAU

MALAGA

PGOU
PMM
PMU

METRO

POTAU

PGOU

SEVILLA

PMM

PMU

METRO

ENVIROMENTAL

Access restricted to vehicles of high atmospheric emissions

Noise reduction by traffic restriction

Bicycle road

Vegetal screening of the noise
Absorbent pavement

Promotion of no noises exhaust pipes
Acoustic screens

Less polluting fuel promotion

Public bicycles for rent

Solar energy use

URBAN

Redesign of the roadway with preference for the pedestrian
Light rail location close to main facilities

Exclusive parking for motorbikes and bicycles in congested zones
New urban developments linked to public transport system
Parking relocated in congested zones

Design of parking related to modal stations

Street pedestrianize

Rotation parking decrease

Exclusive parking for commuters

The effect barrier’s reduction

Exclusive platforms for the public transport

Existing infrastructure advantage

Pedestrian corridors

Design of park and ride

bicycle parking design related to light rail stations

TECNOLOGICAL

Joint operation of road system between suburban trains-Light Rail
Technological security simulations
Variable vehicle according to the demand

Implantation of new technologies for the security of the users

MANAGEMENT AND QUALITY

Municipal coordination for design and management of the light rail
Promotion of transport system with low atmospheric emission
Business policy linked to light rail system

Design of corporate image

Information and mobility education

Traffic limitations

Mobility programs

Punctual light rail

Monitoring the light rail times for each station

Transport cards and tickets “without touch”

Global information system about light rail

Fast

SOCIAL

Prices integration in the public transport system

Monitoring of parking and intermodal stations

Accessible design for disability people

Prevention integral system of the vandalism and security of the users

Attractive and comfortable light rail design

ECONOMICAL

Light rail system linked to productiveness centres
Parking price progressive

Park and ride price progressive

Urban traffic taxes

Graduals pricing of public transport

Free bicycle Parking for commuters

Publicity budget

MOD AL

Intermodal centre
Modal road design

Accessible design for bicycles

Table 3: Innovations identified




The analysis for each plan and project is the s&q in this research. So, it
could be seen the differences between the mettapadireas which take part in

this study, Granada, Malaga and Seuvilla.
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Graphic 3 . Innovations in metropolitan plans

Firstly, it will be analyzed the metropolitan plan$ Granada, Malaga and
Sevilla. In these plans it can be observed a higggity of innovation’s kinds.

So, Graphic 3 shows that the majority of the intioves in Sevilla metropolitan

plan are environmental, urbanism, social and mamage innovations. In the
case of the Malaga metropolitan plan are predoniittenmodal, urbanism and
management innovations, while in Granada metrapoliplan there are a
majority of the environmental, modal and economicabvations.

Environmental
8.po,
s
6-h. S~

e ~ 5, Urbanism

\

\

\ v
Sl \

L Y i Pl .
Economical ==~ '+, Ve ek v ./~ 73 Technological
e % N ’ v L ’

\‘Management

Sevilla

Granada Malaga

Graphic 4. Innovations in metropolitan mobility plans



On the other hand, the innovations included in rtiegropolitan mobility plan
are shown in Graphic 4. Only Sevilla metropolitaraahas a metropolitan
mobility plan. This fact is important due the mgbtan mobility plan of
Sevilla has a lot of innovations, especially ursaminnovations. Therefore, the
innovations included in this metropolitan mobilfyan of Sevilla can suppose
the numeric difference previously said betweenSheilla’s innovations and the
rest of the test-areas.

Environmental

i, j L > Urbanism

= Granada Malaga Sevilla

Graphic 5. Innovations in town plans

In the case of the town plans, Graphic 5 shows Meaga metropolitan area
has more innovations than metropolitan area oflldeand Granada. Besides, it
can be seen that in the three test-areas theigerasgority of environmental and
urbanism innovations, while there are not otherdkiof the innovations.

Specifically, the main innovations are: re-locdi@a of Parking relocated in

congested zones, bicycle road design or noise tieduc
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Graphic 6. Innovations in town mobility plans

The third analysis is developed on the town magbittans. In town mobility
plan of Malaga there is an important diversity bé tinnovations, especially
urbanism, environmental, economical and managemamhovations.
Nevertheless, in the rest of the metropolitan atlkeae is a less diversity, being
predominant environmental and management innowation Sevilla
metropolitan area, while in Granada metropolitareaarare especially
predominant the urbanism and modal innovations.

Finally, the innovations included in the light rgtojects are similar in the
metropolitan area of Granada, Malaga and Seviltapkic 7 shows the light rail
projects’ innovations are mostly management innowaf such as: monitoring
the light rail times for each station or transprantds and tickets “without touch”
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Graphic 7. Innovations in the light rail projects

With hindsight, it can be discussed different casmns about the allocation of
the innovations in the plans and light rail projéidie main conclusions are the

follow:

1) It could be said that there is aun
allocation of the innovations which depend on thellof plan or project.
Besides, each metropolitan area has specific donditin order to its

spatial and urban structures and its light raijgmb

2) In the case of the town plans and town mobilitynplathey have mostly
environmental and urbanism innovations. Howeveg thetropolitan
plans have a huge diversity in its kinds of innawa. Finally, the
management innovations are predominant in the tgghproject.

INNOVATION LEVEL

Previously, it has been defined five innovationsels (see methodology),
radical, incremental, ad hoc, recombinative andnfafization The innovations
levels mentioned are adapted to the authors Ongliit Geerlings (2006) who
have almost adapted these concepts from the Gall{2{)02) researches to the
system transports. Figure 3 shows the differenbvations levels defined for

this paper.
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Graphic 8. Innovation level

- Radical:it is the creation of a totally new product.

- Incrementat this innovation consists of improving certain
characteristics, without any change to the struetaf the system

- Ad Hoc defined as the interactive (social) constructafma solution to a
particular problem

- Recombinative this innovations exploits the possibilities opgng by
new combinations of various final and technicalretederistics

- Formalization: this model consists of putting service charactmsstinto
order”, specifying them, making them less hazy, intpkhem concrete,
giving them a shape

After identifying the different innovations includen the plans and projects, it
will be studied the innovations levels for eachnglight rail projects and test
area. Graphic 8 explains the innovations levelssmrh metropolitan area. That
way, in the three metropolitan areas there are mmoremental innovations than
other level, some common examples of the increrh@mavations in the test
areas are: location of the light rail close to maicilities, exclusive parking for
commuters or design of park and ride. Besides,emill@ metropolitan area is
also important the ad hoc innovations (e.g. acbagidesign for disability
people). However, in metropolitan areas of Malagal #&ranada are also
important the radical innovations, some examples rwise reduction by traffic
restriction or access restricted to vehicles withlatmospheric emissions.
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Graphic 8 . Innovation levels in test areas

Secondly, Graphic 10 shows the innovations levetsehch plan and projects.
Essentially, it can be observed that the town phanv@ more radical innovations
than other plans or project due its working scatene examples are: Parking
relocated in congested zones or street PedeswiaDiz the other hand, the rest
of the plans have a similar innovation level, imthg mostly incremental
innovations, such as: bicycle parking design rdlaelight rail stations or urban
traffic taxes. Finally, the light rail projects agdlestinguished for including more
formalization innovations than other innovationsels, some examples are:
Global information system about light rail or desimf corporate image.
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Graphic 9. Innovations level in plans and light rail progct

Graphic 11 shows the innovation level for each kiofl innovations.
Fundamentally, it can see that the urbanism innewathave more innovation
level than other kind of innovations because tslimnovations have a radical or



incremental level. Nevertheless, the technologisabvations have the lowest
innovation level because full its innovations ameremental and formalization
level. Finally, Table 4 shows de innovations levelentified for each plan,
project and metropolitan area.
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URBANISTICA

B S I R S s S
Street pedestrianize

Rotation parking decrease

Exclusive parking for commuters

The effect barrier’s reduction

Exclusive platforms for the public transport
Existing infrastructure advantage
Pedestrian corridors

Design of park and ride

bicycle parking design related to light rail stations

Ra Ra

Ra

Ra

Ra Ra

TECNOLOGICA

Joint operation of road system between suburban trains-Light Rail
Technological security simulations
Variable vehicle according to the demand

Implantation of new technologies for the security of the users

Re

Re

Re
Re

Ad

GESTION + CALIDAD

Municipal coordination for design and management of the light rail
Promotion of transport system with low atmospheric emission
Business policy linked to light rail system

Design of corporate image

Information and mobility education

Traffic limitations

Mobility programs

Punctual light rail

Monitoring the light rail times for each station

Transport cards and tickets “without touch”

Global information system about light rail

Fast

Fo
Fo

Fo

Fo

Ad

Ad

Fo

Ad

Fo

Ad

SOCIAL

Prices integration in the public transport system

Monitoring of parking and intermodal stations

Accessible design for disability people

Prevention integral system of the vandalism and security of the users

Attractive and comfortable light rail design

Ad
Ad

Ad
Ad

Ad
Ad

Ad

Ad

Ad

ECONOMICA

Light rail system linked to productiveness centres
Parking price progressive

Park and ride price progressive

Urban traffic taxes

Graduals pricing of public transport

Free bicycle Parking for commuters

Publicity budget

Ad

MOD AL

Intermodal centre
Modal road design

Accessible design for bicycles

Ad

Table 4: innovation levels identified




CONCLUSION

1) Essentially, this paper shows a methodologicalgtesihich can help us
to understand better the light rail's role in thedalusian metropolitan
areas. That way, it has been studied the lightsrpdtential as a change
driveforce, in order to different factors such abmate change, urban
design, transport efficiency, metropolitan stragsgetc.

2) Having account the diversity of plans and projeeisted to light rail
system, the multi-instrumentality seems to be a t@y to integrate
different factors, such as: mobility demands, iratmns or environment
and urban quality.

3) Looking back, it can be said that Sevilla metrajaoli area has more
number and diversity of innovations than metropolireas of Granada
and Malaga, specifically in the case of the tecbgichl and social
innovations. Secondly, Malaga metropolian area fmmase innovations
than Granada Metropolitan Area, being the most mamb difference in
the urbanism innovations.

4) Although the metropolitan mobility plan of Sevilimcludes a large
number of the innovations, the most important sesit@f the innovations
studied are the town plans and light rail projdotseach metropolitan
area. Therefore, it could be important to develofeica which will have
more efficient the light rail system in Andalusieretropolitan areas.

5) An evaluation of the innovations levels has beeo groposed in this
paper. Having account its results, in the threeopelitan areas there are
more incremental innovations than other level.

6) Finally, it can be observed that the town plansehawore radical
innovations than other plans or project due itskivgy scale. On the other
hand, On the other hand, the rest of the plans hasieilar innovation
level, including mostly incremental innovations.
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