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Abstract. Disabled people are part of our society. However, the lack of
information about the number of people involved and where they live makes it
difficult to provide them with proper services. This study uses the Geographical
Information System to locate the residences of the disabled people in Gijon, a
town in Asturias in the North of Spain. ArcView is used to analyze the
mismatch between the location of disabled people’s residences and the
proximity of any means of transport and where the highest number of people
with disabilities is to be found. This study includes practices that would
improve the availability of needed data, promote integration of technology,
encourage collaboration among organizations and the public sector (two aspects
have proved to be the key to the creation of a successful spatial data
infrastructure: institutions that create data and institutions that coordinate and
disseminate data) and extend access to geospatial technologies to organizations
that would not otherwise benefit from them.

Key words: disabled people, spatial data infrastructure, mismatch,
interoperability, INSPIRE.

Introduction

This paper concerns the potential of GIS in the field of disability policy. It suggests
there are two distinct domains where GIS may empower disability groups. First, GIS
is a method that may be used by policy analysts and researchers, to map whether
public resources are accessible and appropriate given the size of catchments areas for
populations and given the policy and program environment. Second, GIS is a method
by which information may be consolidated and used by members of disability
organizations and people with disabilities for their advocacy thus empowering people
with disability. Furthermore, one should design GIS methodology so that it is usable
by people with physical or intellectual disabilities, and has the potential for
employment opportunities.

This paper is concerned primarily with the first domain and discusses how analysts
from the public policy, governmental, and public utility may use GIS. Not only may



GEOGRAPHICAL INFORMATION SYSTEM

they use it as a method to map whether such resources as employment, schools,
restaurants, recreational facilities and transport networks are appropriately accessible
given the size and scale of the catchments areas for populations with disabilities.

The amount of information available in the different administrative registers
managed by public administration is wide ranging and its value in improving social
and economic research as well as its usefulness in conducting, assessing, judging and
planning public policies is now recognised in Spain. This idea, often seen in the
business world, is the main source for this study using information based on the inside
pattern of the consumer's behaviour to create value — with an innovative approach to
the problem of transport for disabled people with reduced mobility. A spatial data
infrastructure is now commonly considered as an important economic resource and a
critical base for the sustainable development of society. This information is a very
important part of the country’s Public Sector Information, which - in the knowledge-
based economy - can have a strong and positive impact on citizens’ quality of life and
the development of businesses and administration. Many governments and the
European Commission have recently introduced ambitious policies, guidelines and
programmes to achieve a better quality of life for disabled people (e.g. INSPIRE, see
Figure 1). The main objectives for those programs are to implement an information
infrastructure that can provide the public sector with information for common use
throughout the whole of society.

This analysis manages the relationship between three independent databases
available in the public administration organization (Consejeria de Vivienda y
Bienestar Social translated as English Regional Housing and Social Welfare Council,
urban cartography in municipalities (local authorities) and the public transport offer
available in the Consorcio de Transportes de Asturias, translated to English as
Asturias Transport Consortium) to create a new and unique integrated base in an
information geographical system with all the information (transport offer, disabled
population needs of transportation, tracking down disabled people’s residences). The
main characteristic of this computer tool are its flexibility and consistency; the
possibility of its low cost maintenance because each public administration performs
operations naturally on its own, but with a common database. An advance in the
standardization and coordination of computer science systems would allow the
marginal cost of these operations to be reduced to the minimum expression. The
application has used software ArcView GIS 3.2, a platform GIS that allows to one to
integrate data from different origins, as well as to explore spatial data coming from
other sources and its digitalization (see Figure 2). This way, the nature of their
disabilities and locations of the handicapped people are analyzed. This analysis helps
by providing the number of people involved and their location. So, the main purpose
of this information system is to reduce the uncertainty for decision making, that is to
say, to promote interest in the resolution of problems of mobility for disabled people
from a cartographic perspective, an approach barely used at the moment.

This work is totally coherent with strategy 1003 defined by the National Plan of
Accessibility 2004-2012 of the Ministerio de Asuntos Sociales-IMSERSO (Ministry
of Social Affairs-IMSERSO) (“Fulfilment of statistical studies of accessibility in
different environments”). Due to several reasons explained later, the investigation has
been limited to Asturias; this will not detract from any general interest. The highest
existing costs of transaction to coordinate a cross-sectional investigation affecting
different administrations, endowing this research with the character of a pilot project,
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that is expected from the guideline set down by the National Plan of Accessibility
2004-2012, in its first stages (2004-2006):

“Suitable control and information means should be created to carry out an efficient
use of the resources from different Gobernment Administrations to promote facilities
for disabled people. Although managing and sharing information is not a frequent
habit among different Public Administrations, the increase shared specific obligations
as those announced in the Law should be an incentive to generate new dynamics in
this field”(p. 164).

Besides being used as a prototype and as a research tool, this analysis can offer
private companies a mechanism of control about the number and distribution of
disabled people through the accomplishment of consultations and the creation of
certain informative thematic maps very useful for these companies to allow them to
their adapt services to the existing demand.t In addition, with a model GIS, transport
services planners can have a better tool to coordinate, to evaluate and to control
transport services.?2 The improvement of communications, coordinating the efforts at
the time of data collection and the interchange of information can lead, in the long
term, to the reduction in costs and an increasing quality in decision making. These
spatial relations between people, their activities and the territory in which they live,
are those that allow, through the integration of data, a better administrative
management and a better knowledge of our surrounding areas.

This paper is organized as follows. Section two describes the collective who is
used to evaluate the importance of GIS in public transport. In the third section |
briefly describe the major source of data used to analyze the information available on
transport and disabled people. Section fourth and five present, respectively, the
methodology used to study the relation between transport network and the distribution
of disabled people in the territory and a description of the town used to analyze the
mismatch between the location of disabled people’s residences and the proximity of
any means of public transport. In order to analyze the social and territorial impact of
public transport, section sixth proposes a transport cover index to reconcile spatial
data from different sources that allows the creation of new data sets.

1 Every citizen, whether or not inhabitant, who has a relation with the corresponding local
authority, has a geographic identification with that relation; for example, a boy with a certain
degree of disability comprises a family unit, who lives as well in a certain flat that is located
in a given street and goes to a school that is located in another street. In this case these exists
a spatial relation between this boy and two streets of this local authority. If these relations are
integrated in a geospatial database, it will be possible, if necessary, to establish how many
young children in general or how many young children with disabilities are registered at a
given school located in a given street and how close these children are to the mentioned
school.

2 A coordinated program to establish a model of integrated transport and a network of public
and projection transport within the province, to allow future scenes of urban growth to be
described and the necessities of transport generated or to consider the impact on the demand
of different measures from traffic and transport (for example, the introduction of a new line
of transport, the demand for buses with ramps on certain lines, services - or services door to
door, etc.).
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Finally, the two latest sections contain several problems such as a structural
shortcoming in the statistics network in Spain and the main conclusions arising from
the study.

Definition of a person with reduced mobility

The questions of the definition of "person with a disability" and how persons with
disabilities perceive themselves are knotty and complex. It is no accident that these
questions are emerging at the same time that the status of persons with disabilities in
society is changing dramatically.

A person with reduced mobility is one whose mobility is reduced whether
temporarily or permanently due to a physical inability (sensorial or driving force).
This state could be the result of an intellectual deficiency, age or any other cause of
manifest disability to use any means of transportation. These people would also need
special attention and/or an adjustment in the available services used by other people.

o People in wheelchairs, with great difficulties in moving, travelling impediments, or
with problems going up and down stairs or on pavements, or moving on uneven
pavements, etc.

o People with sensorial difficulties (vision, hearing, communication, etc.) prevented
from using conventional transport service (to get a travel ticket, to access to stops,
boarding and leaving the vehicle, etc.).

o People with lack of functional mobility, amputation or arthritis of a limb who have
problems moving, going up and down pavements, vehicles etc.

o People whose normal movement is affected by cardiac or respiratory problems.

o Older people who cannot move without help.

e People not permanently disabled, but with some type of temporary loss of mobility,
for example pregnant women, people with a leg plaster on crutches.

From these definitions we deduce that the concept of a person with reduced
mobility directly associates the term disability with mobility. Therefore, there is a
group of people that, due to their disability have their physical, psychic or sensorial,
ability to move temporarily or permanently decreased.

The concept of reduced mobility is wide an ambiguous. In order to carry out the
study and respecting privacy and data protection rights, the database includes all
disabled people who have a degree of disability over 33%.
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Table 1. Reduced mobility people’s definition according to the source

All the people with difficulties in using public transport, for instance, handicapped
(including people who have sensorial and intellectual disabilities and the people in
wheelchairs), people with limited movement on a limb, short people, people
burdened with shopping or luggage, pregnant women, old people, people with a pram
and people with young children (including children in strollers).

European
Parliament

The group of people with reduced mobility includes all those who have a permanent
or temporary physical, psychic or sensorial disability or those who in an exceptional
circumstance have the normal development of their capacity of movement reduced.
IMSERSO | According to this definition within this group there would be included people with
some type of disability, as well as those with a temporal hindrance derived from a
natural processes (old people, pregnant women) or exceptional cases (victims of an
accident, people with children), because their mobility is restricted.

According to this law permanent disability is the state of permanent dependency of
people who, by reasons related to the lack or the loss of physical, intellectual or
sensorial autonomy (understanding by autonomy the capacity to control, to confront
and to make personal decisions about how to live in agreement with social standards
and one’s own preferences), need the assistance of other people or important aids to
perform basic daily life activities, understanding by daily life activities the basic
tasks any person performs to carry on a normal independent life, such as: personal
care, basic domestic activities, essential mobility, to recognize people and objects, to
orient themselves, to understand and to execute simple orders and tasks.

Dependency
Law?

Sources and data

At the present time, the processes of planning, organizing, managing and
evaluating transport demand efficient management systems and information analysis,
in terms of processing speed, capacity of storage, versatility and reliability. In order to
achieve this purpose it is indispensable to count on computer technology able to
produce and to store input to make the system work. The geographical information
system (GIS, see Figure 3) development has contributed to the demand for
georeference spatial information of all kinds (characteristics relating to people,
businesses, equipment, infrastructures and buildings, etc.).

GIS constitutes, without any doubt, a powerful tool to collect, store, recover,
analyse and unfold spatial data, for this reason it is an essential instrument to plan,
design, construct, operate and maintain transport systems, a clear example of the
advantages of GIS is shown in the applications carried out in town councils which
include information from different sources, automated handling, graphical
visualization and generation of maps, graphs and tables. One of the mayor problems
at the beginning of GIS was information. The process of automatization of data is,
perhaps, the critical component of the project, and a good recommendation in the
process of file conversion is to have a good system of quality control. Thus, the
success of the GIS depends on a good plan and strategies design, the procedures
determine how to do tasks, such as how to introduce information in digital format,
how to store and how to exit information format. This did not constitute a problem
for the development of this project, since the need to count on cartographic and

3 Draft Law for the promotion of personal autonomy and attention for people in situations of
dependency. Ministry of Work and Social Affairs (MTAS).
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alphanumeric georeference related to the spatial units with which we worked, was
provided by Gijon Town Council

This chapter describes the inclusions and limitations data used in the analysis. A
major problem to consider in this research is the access to updated, uniform,
appropriate and complete statistical data to reach the objective proposed in the
investigation. The suitable generation of data in the format, scale and map projection
that is to say, the process of integration of the necessary information, is the one that
takes most time and high cost. All GIS as an instrument of data processing requires
two types of data sources: cartographic and alphanumeric.

The study consists of the quantitative and cartographic analysis of the information
available on transport and disabled people in the town council of Gijon. Through the
use of GIS (ArcView 3.2) the incorporation of the urban and interurban bus line has
been carried out by the Consorcio de Transportes de Asturias (Asturias Transport
Consortium) with the cartographic database of the town council. Together integrated
in the same cartographic database the information related to disabled people provided
by the Consejeria de Vivienda y Bienestar Social of the Principality of Asturias
(Regional Housing and Social Welfare Ministry). In this case, the above mentioned
government organization did not provide digital information therefore additional tasks
were performed in order to adapt data to use in ArcView 3.2.

This thematic database* gathers people with a certain level of disability (according
to the law this disability must always be above 33%) with additional information on
each individual such as street address, postal code and degree of disability.

All this information is included in a new database called associated database, and
is the result of the integration of cartographic bases and the alphanumeric data
through GIS. This base physically does not exist, but we have created it from multiple
surveys performed for this project.

The cartographic procedure is carried out through the relation of the cartographic
and thematic databases (see Figure 4); next the application loaded for its integration,
through the use of a common field which is the street number.

Methodology

In order to assess the social and territorial impact of public transport we are going
to study the existing transport network and its distribution in the territory, so we can
get an accurate perception about its spatial and population coverage. The analysis is
carried out keeping in mind the proximity® of every handicapped individual address in
the Gijon Town Council to the bus stops of the public transport.

4 It is formed by the data of alphanumeric type and constitutes the fundamental part of this GIS.
In a first stage of the work, the thematic database is constituted from primary data (the ones
facilitated by the Council), but in a second phase has been created a set of databases
generated from the cartographic treatment of first.

5 In order to carry out this study a 25 metres distance from a bus stop to a residence has been
taken as reference so the potential users within are considered able to use public transport
without additional help. In order to simplify the study when the centre of the circle that
represents each bus stop is within the influence area of 25 metres, we consider that all
inhabitants who live in this area can accede to the public transport.
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The used methodology only allows getting a rough result, since relevant aspects
such as frequency, schedules, length of distance are not taken in consideration. We
will only know how many districts (and consequently how many inhabitants) have
access to the urban public transport and how many lack this basic service (according
to the transport service coverage in the given quarter).

The first step consisted of purifying the database in the government department
where the data were stored, this was one of the hardest tasks; it took a lot of time to
clean the data files to eliminate the duplicated elements and obtain a good structure
design to be used according to the alphanumeric® charts in the corresponding town
council.

The administrative registrations are mainly used to gather information needed to
fulfil their administrative purpose therefore their demographic use demands expensive
previous tasks to allow the normalization and necessary purification of the data to
lead to reliable and useful yields.” The next step is georeferenciation (see Figure 5);
the geographic identification of alphanumerical data to classify cartographic and
thematic information to use the previous gathered data to select the variables to be
analyzed must be referred to the used spatial units. The geographical reference is
carried out through information tabulation using as reference the street address and a
specific code assigned to disabled people from our database and the city council. So
we can overlap the disabled people cartography with the topographic one, this is to
say we adapt the cartographic structure and the database associated to a new data
model where all the information is divided in three groups: people, transport and area
is geographically quoted in the cartography through the street address.

With regards to the means of transportation, the bus has been chosen, due to its
bigger spatial incidence and permeability in the urban network. As a result the stops
of existing lines will be adopted offering spatial transcription of desirable access.

Regarding to people with reduced mobility needing transport, only handicapped
georefered residence by street address has been contemplated in the study.

On the other hand, the boundary of areas of influence with respect to the stops and
the georefered population by buildings is the most exact possible since it tries to
approach in detailed the origin of the journay (residence) of the personal
displacements.

In the analysis the bus stops are included and they have the codification assigned
by the Asturias Transport Consortium. As a boundary a 25 metre area has been
chosen around each bus-stop; understanding that it is convenient and representative
enough, since we are speaking about people who have mobility difficulties.

This information has been useful to make an approach to the accessibility of the
transport based on a zone where people with reduced mobility live, in order to work
out which areas have better communications.

On the other hand, should be emphasized a series of disadvantages at the time of
doing this study:

6 Gijon Local authority uses access as data manager because of its flexibility to import and
export data, data manipulation and table definition.
" See Bermejo (2006).
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¢ No standardized directions. This it is an important requirement to make reliable,
useful codifications and operations.

e The concept of reduced mobility is wide and ambiguous, that is to say, it does not
have defined limits due to the difference in each case in a group, and therefore, it is
not possible to fit a concrete group of people in accurately. Thus, a group of people
with reduced mobility will be defined by all the people who have a temporary or
permanent physical, psychic or sensorial disability, preventing their normal
development of mobility.

e Even when the database specifies the degree of disability for a person, the type of
disability is not defined for each person in the same degree, and therefore every
single person included in our data has been chosen to complete this survey.

o It is necessary to keep in mind that there is no evidence of the existence of disabled
people who have never requested support because the family is usually in charge of
their care.

e Another problem displayed in the database is that it was not updated, that is to say
many registered people could be dead by now. In most cases relatives do not
communicate their death.

Analysis of a study case: Gijon

In this chapter we start from the estimation of population included within an area
next to a bus stop combining the metric distance by georeference streets with street
address. If good digital street maps as well as a good postal address are available for
georeference, the application cost turns out to be irrelevant so, this will be a good
methodological option. Obviously to adopt a metric system and a georeferentiation
method will result in a totally different final result from those obtained by using other
old methods. If decision making must be supported by rigorous information, these
georeference methods and the subsequent possible choice by researches would be
conditioned by the public organizations in charge of producing and managing
statistical data. The following calculations are made

e To carry out a description of the potential demand of transport from people with
disabilities, contemplating exclusively the georeferential resident population
according to the street number.

o Description of transport offer, centered on the city bus, due to its greater spatial
presence.

o Purification and normalization of the database of people with disabilities respect to
the official street guide of each city council.

o Georeferentiation of the population by buildings, through street number.

¢ Influence areas: boundary of the areas next to each bus-stop in ranks of 25 metres.

e Index of cover: surface or percentage of each district that has bus-stops in a
distance that oscillates between 75 and 375 metres.

e Calculation of the potential demand (resident population with some type of
disability) in the area next (each 25 metres) to each bus stop.

Gijon holds a privileged geographic position on the Asturian map, a few minutes
away from Oviedo and Aviles. These cities are linked by the "Y" motorway, a large
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highway of the Asturian metropolis. It takes half an hour to get to the airport or to the
coal mining areas. The centre of Gijon has an amphitheatre shape, marked by the
large beach of San Lorenzo, the main beach in the council.

With a surface of 187.7 and a density of approximately 1,460 inhabitants, the
Council of Gijon is located in center of the Asturian coast (north of Spain), bordered
by the councils of Carrefio, Corvera, Llanera, Siero, Sariego and Villaviciosa.

The urban neighbourhoods, extend both sides of the primitive Roman quarters
located in the hill of Santa Catalina, has a surface of 13.9 km2 - it is 7.6% of the
surface of the Council in which 90% of the population is concentrated, total 274,000
inhabitants in 2005. 10% of the remaining population is distributed through the 25
parishes of the Council (see Figure 6).

The Regulation of Organization and Laws of the City council of Gijon divides the
Territorial council in districts equipped with management organizations, Councils,
without their own legal personality and presided over by a Councilman; the five first
districts contain different neighbourhoods of the city of Gijon (see Figure 7), and in
the last district the other parishes of the council are located.

As general information here are the names of the different parishes and
neighbourhoods in Gijon.

o District called “Centro”. This includes the Central area, “Cimadevilla” and
“Laviada” neighbourhoods.

o District East: includes “La Arena, El Coto, El Bibio, Las Mestas, Viesques and
Ceares” neighbourhoods.

o District called “El Llano”.

e District South: includes “Pumarin, Montevil, La Brafia, Nuevo Gijon, Santa
Barbara and Roces” neighbourhoods.

o District West: includes “La Calzada, Jove, Tremarfies, Natahoyo and Moreda”
neighbourhoods.

e Rural district. This includes the following parishes: “Bernueces, Baldornon,
Cabuefies, Caldones, Cenero, Deva, Fano, Fresno, Granda, Huerces, Lavandera,
Leorio, La Pedrera, Porceyo, Poago, Ruedes, Santurio, Serin, Somid, Tacones,
Vega and Verifia”.

The rural parishes have one double economic specialization; on the one hand,
industrial specialization and, on the other hand we can find a set of parishes of clear
residential nature that provide of space and leisure services.

In the first place, we showed the obtained results when analyzing the parishes and
districts that compose the municipality of Gijon. It is possible to emphasize, that the
parishes do not have an official boundary, but this parishes correspond partially with
the urban area, so the sum of their surfaces does not correspond with the surface of
the neighbourhoods.

In order to carry out the analysis with GIS it was necessary to georeference the
population with disabilities through the only key that allowed us the database
facilitated by the Consejeria de Vivienda y Bienestar Social (Council of House and
Social Welfare), which is the street number. This street number was our identifier in
the official street guide of the Gijon Town Council. So, we normalized this database
according to the official street guide in order to locate disabled people geographically.
The process has the following procedures:
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e Out of the 30,579 disabled people registered in Gijon, 28,723 are registered with
complete address. There is no way to identify the other 1,792 because they do not
have a street address to allow their geographical identification.

e Next this purified database was overlapped with an alphanumeric table with the
postal addresses according to its official street map. So an additional new database
with 27,128 postal addresses of disabled people is obtained. After this procedure
1,595 postal addresses are lost, which could be due to mistakes in data entry.

o Finally the resulting database was exported in DBaselll to Arcview so we could
visualize geographically disabled people in Gijon.

Due to the database size (27,128 disabled people) and to simplify the calculations,
“el Centro” neighbourhood was chosen to be studied because in this area there is the
greatest number of bus stops and together with “El Llano” neighbourhood they have
the highest number of disabled inhabitants (see Table 2 and 3).

On the other hand in “El Centro” we have counted 1,140 street addresses with
several handicapped residents on each (see Table 3.4). In this table we can see not
only each disabled person’s address but the distance between the address and the bus
stop, this distance could be from 25 to 325 metres so the whole surface on the chosen
studied neighbourhood is covered. After studying, these data allow us to figure out the
bus stop location on any street and its distance from any random handicapped
residence.

If we put together each address and each disabled person, we find out that the
greater the bus stop distance the lower the number of disabled people’s residences. As
a conclusion, we can figure out that under the hypothesis that every street in the
neighbourhood “El Centro” is accessible for disabled people, most of the handicapped
that live in this neighbourhood in Gijon have at least one bus stop within 300 metres
of their street address.

We have to realise that the bus stop closest to a handicapped person’s dwelling
may not be the one this person would need the most. However, once the person has
ridden on an accessible bus he or she can always transfer.

We have extended our study 100 metres around the “El Centro” area in order to
provide more accurate information, that is to say, users can move to another
neighbourhood to get the bus if this bus stop is nearer their house.

In Figure 8 we can see the neighbourhood, the object of the study “El Centro”. The
concentric circles are the 25 metre distance from the bus stop to a disabled person’s
residence. The green dots are the bus stops in both direction within the neighbourhood
and the blue dots represent disabled people.

On the other hand the light blue area around the studied neighbourhood represents
the 100 metre extended studied area, and the yellow dots are the bus stops in this area.

Mismatch: Transport coverage index

This statement proposes the adjustment of transport availability and the distribution
of the segment of population who use it. We calculate an index of transport covering
whose value is determined next.

The first thing we did to measure the level of the offered service was to set a zone
of influence around each bus stop within the studied area (593 bus stops in whole

10
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municipality of Gijon). This influence area, like a market area (Ldsch, 1954),
describes the chosen area by the user as a minimum cost access area. Next the
geoprocesing function “union two themes” is used to join the influence area layers
representing the bus stops and the neighbourhood where they are located. As a result
we got a new join layer to figure out where the bus stops are located and the distance,
in this case from 75 to 375 metres. Finally we exported this chart to access and got the
following results:

o First we looked at data showing the neighbourhoods and the surrounded areas.

e Next we search to discover what area in a neighborhood is within a specified
distance. These are areas of influence around bus stops (see Table 5). For instance,
in “El Bibio” all the bus stops are less than 375 metres distance from a disabled
person’s home. On the other hand in “Tremafies” neighborhood all the bus stops
are more than 375 metres away. In addition we can state that “La Arena” has the
best transport network because almost all its surface is covered by bus stops
located within 75 and 150 metres distance from located of handicapped people’s
addresses in the area. On the other hand, “Tremafies” neighborhood has the worst
transport network system with bus stops 375 metres away, “Jove” and “Verifia”
neighborhoods are worse than “Tremafies”.

o Finally through a cross reference consultation over the two other ones previously
done on the distance group in each neighbourhood we obtained the coverage index,
that is to say, what percentage of the total area in each neighbourhood has a bus
stop and on which rank of distance.

ICY = (As®/An,) %100

where:

ICid . coverage index, areas with bus stops in neighbourhoods (i) on each rank of
distance (d).
Asid . area section, share of area in a neighbourhood (i) for a rank of distance (d).

An; : area neighbourhood, total area in any neighbourhood.

In Table 4 we can see “La Arena” neighbourhood which is the area with the best
transport network because 98% of its total surface is within 0 to 150 metres average
distance from a residence to a bus stop. In other words, any potential user can find a
bus stop walking less than 150 metres. “El Coto” and “Laviada” neighbourhoods are
in the second and third place transport wise with coverage of 94% and 91% of their
surface.

According to this index the neighbourhood with the worst transport network is
“Santa Barbara” with only 61% of transport coverage with a rank of distance to the
closest bus stop of 375 metres distance followed by “Tremafes”, “Jove” and
“Verifia”.

“El Centro” neighbourhood is reasonable because approximately in 83% of its
surface the average distance to a bus stop is 150 metres.

In agreement with this index, the worst communicated neighbourhood is “Santa
Barbara”, since 61.6% of its surface is within the rank of distance to the nearest bus

11
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stop of more than 375 metres, followed the districts of “Tremarfies”, “Jove” and
“Verifia”. In the case of “El Centro”, it is not a badly communicated neighbourhood
since approximately in 83% of its surface the bus stop is less than 150 metres away.

Table 5.4 shows the distribution of disabled people within Gijon neighbourhoods
and according to the distance to the nearest bus stop in a 25 metres rank. “El Llano”
neighbourhood has the greatest number of disabled people followed by “El Centro”.
In both neighborhoods we can notice that disabled people are mostly located within
25 and 250 metres distance from the nearest bus stop. If we relate this table with the
coverage index we will see the worst transport network is in “Santa Barbara”
neighborhood, however, there are no disabled people registered in this area. The next
with not such a good transport network are “Tremarfies” and “Jove” neighbourhoods
in which four disabled people were located more than 300 metres away from the
closest bus stop.

This approach could be interesting for social services because a great segment of
the population has insertion and autonomy difficulties inside society and need a
certain kind of help to support their personal and economic and social development.
This information analyzes social reality and new data can be added in order to store
information about disabled people and other potential users and can also provide
statistical data about the economic and social health in the studied neighbourhood.
Additional studies on this segment of the population could be done to provide
economic and/or social aid. The areas with a higher disabled population could receive
more help than the ones with less disabled people.

On the other hand, the GIS give management and integration technical solutions
about citizens. This data would be available to be used at a technical and political
level in town councils to make decisions through the Consejeria de Vivienda y
Bienestar Social (Regional Housing and Social Welfare Ministry) where people who
get government aid are registered.

The geographic accessibility approach shows an offer which is worthwhile from
the public transport user perspective. The increase in the number of bus stops
available determines the quality of the service from the user point of view because it
reduces the access time to the stops but the travel time may be longer due to the
average speed reduction. This is the “opportunity cost” for the users if they wish to
reduce the surface movement, especially people with reduced mobility. To provide
this service to the handicapped increases the cross subsidy for all the users: a mayor
accessibility desire will lead the transport planner to increase the bus stops in the
network to benefit the handicapped and with certain loss in the average speed for the
rest of the users.

Future research lines

In 2001 a new core of action was established —the Society of knowledge
(Innovation, 1+D, Information Society) — linked to FEDER was created. Measure 2.7
of the Information Society seeks to assign a new integrated function to the system to
analyze and exchange information to coordinate territorial and cartographic
information in the local, regional, national and European scope as a basic tool to
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collect, broadcast and add new data, as well as to make it accessible to a great number
of external users®.

The work performed throughout this investigation shows a structural shortcoming
in the statistics network in Spain, that is to say the lack of an administrative data
georeference standard. This standard is the core information unit because it is the
starting upward point or the foundation of the whole digital information. As different
specialists highlight® there is a crack in the vault of the system and it can only be
corrected with work, that is to say, hours of unproductive work due to data
processing. When data is introduced in the system, these data should not be loaded
again.

It is urgent to create the conditions for the standardization of information. All the
organizations involved in the administrative bases management including local and
regional authorities as well as national and international statistic organizations should
commit themselves to this project. The main gains of productivity and efficiency lie
in standardization we can take advantages from scale economies in fixed expenses in
which all information collection and load are involved.

Without this standard many hours were invested in order to fit the source of
information through purification of original data provided by Consejeria de Vivienda
y Bienestar Social (Regional Housing and Social Welfare Ministry). As is known the
administrative databases arise as a result of management needs therefore they could
be incomplete. For this reason it is important for the administrative manager to
recognize the statistical significance of his or her assignment because real
standardization is finally present in every social issue. These standardizations can be
used to improve the service if we learn to recognize them. In economic terms there
are some scope economies, so managers must recognize and collect information
wisely, information technologies make it easy to perform this task at low cost
expanding qualification and productivity in the information management positions
taking away routine operations and leading to creativity and problem resolution.

From the transport demand side we must consider the collecting information
process within the affected community (disabled people). To recognize disabilities
includes a wider study on characteristics in particular cases and handicapped people’s
residences. This opens up an interesting line of investigation in the information
technology and spatial encryption field, such as the search for new ways to protect
individual data privacy without sacrificing information.

Conclusions

GIS are widely used in business, government and a range of academic disciplines
their application in economics has, to date, been more limited. The most frequent

8 Recently, international organizations promote investment and research policies in spatial data
infrastructure and their use by public institutions, groups, etc. The main conclusion is the
necessity to create data infrastructure, standards and agreements between the spatial
information creators to optimize its work. This is reflected through European Union
directive, one of the most important is INSPIRE. INSPIRE aims at making available
relevant, harmonised and quality geographic information with the purpose of formulation,
implementation, monitoring and evaluation of Community policy-making.

9 See Carcel, Marcos and Saralegui (2006).
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application in economics is the use of GIS to visualise or map economic data with a
spatial component. Less common is the use of GIS storage and management functions
to generate additional data as inputs in to further statistical analysis. Many of these
sources, for example sampling and census data, will be familiar to economists.
Therefore, given that GIS data are spatial, a natural use is to measure the distance
between observations or between observations and other features of interest. These
distances could be physical distances, network distances (e.g. along a transport
network) or involve some more general concept of social distance. Knowing the
distance between observations is useful if we think that there may be interactions
between them and that the strength of these interactions is mitigated by distance.
According to this, the main purpose of this study is to show the importance of
knowing the location of disabled people in order to improve public services, in this
case, public transport for them. So, their distribution in the different parishes and
neighbourhoods and their proximity to the bus stop provide an example of the use of
GIS to implement such an instrumental variables strategy.

At present the success of the local administration is based on an excellent
information management. The effectiveness of management requires a quick handling
of great volumes of spatial (territorial) data related to different local tasks. As seen
during this research the implementation of a geographical information system allowed
us to store data from different administrations and to develop and analyze urban and
social cartography with information statistics optimizing data flow to improve the
yield and coordination in the daily tasks that different service departments provide
and reducing marginal costs.

The major problem collecting information was the variety of data to be

manipulated. We realized the urge to credit the data and its inconsistencies (wrong
addresses, non existing streets, incomplete addresses, etc) to figure out the method to
follow for normalization to be carried out. A fundamental issue to make the most of
the disabled people database is to georeference information through the addresses. By
experience we found out that this is an expensive procedure due to the lack of updates
in mail address provided for this study. This is because Town Councils and local
administration do not coordinate this task, so we had standardized this information
before we began the research process. Interinstitutional relation is the key stone to
complete any social task. The hierarchy creates an environment to create and keep
data to be used at different levels according to topics, current affairs and covering
information needed. These are the first steps to create coordinated relations and
communication among the different agents in private companies and public
administration.
An integrated perspective to interchange information and analysis to coordinate this
local and cartographical information begins with this study and its purpose is to
improve the collection, dissemination and broadcasting of data and the interchange of
information among public organizations that produce information. In the current
availability context of better and more quality data it is possible to reach a higher
stage with regards to processed information as a result of investigation. Exacting data
related to disabled people (privacy is always respected) sensible decisions to achieve
more effectiveness in goal attainments among service providers of special means of
transportation. The availability of sophisticated tools and particularly GIS makes data
manipulation and analysis easy.

This work has tried to get a better yield in transport management in order to
improve transport services for disabled people and increase effectiveness in related
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agents so the utility of the information system is closely related to its capability to
build real world representations from digital data. In this analysis we have tried to
assess the degree of accessibility to public transportation among disabled people in
Gijon measuring the public transport covering terms of accessibility in a simple way:
whether or not a disabled person has access to public transport. With these functions
we configured a geographical information system in order to get:

e Modernization of administrative public service with clear territorial implications.
This will be carried out through spatial information technology. Data should be
collected once and maintained at the level where this can be done more effectively.

e To assess the updated information availability as a support for decision making and
its consideration as an instrument for territorial management.

¢ Information quality, during gathering process and in its processing

e Design of data model, organizational structure of territorial information to clarify,
gather and help its process. An important condition to take different data files from
different government organizations and make them useful from the information
management point of view is to make them available to every government
organization through a badge system on each registration; for instance county,
municipality, if available, district, neighbourhood and the census tract. The
standardization of postal addresses allows georeference information suitable for
statistical information to be used for spatial required field.

e Spatial data specifications and harmonization. Data compatibility is fundamental
(standardization) and interoperability with existing systems in regional
administration.

¢ A loading protocol for information maintenance and upgrade in an integrated GIS
platform. It should be possible to combine spatial data from different sources and
share it between many levels, users and applications.

e To exchange information at regional level is an important cooperation support
(through collaboration agreements) between government organizations to use GIS
(regional administration, research institutions and private corporations) and with
those boards of directors and institutions related to local management cartography
data generation.

Finally those people in charge of decision making need to discover the economic
and environmental benefits in this procedure. For instance reducing duplication and
resource expenses or improving urban environment management. It is paramount to
get local administration involved in this project since they are the main spatial
information providers and this information is socially relevant because it includes
local water service, rubbish service, health service, education, post office and public
transportation.
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Fig. 2. Geographical Information System
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Fig. 4. Relationship between cartography and thematic database

Cartography (Town council of Gijon)
STREET NUM X Y DBOID CODE STNAME MSLINK MAPID
101800900000142305307 2 285763,55 4823210,8 101800900000142305307 8610 ZORRILLA 1026 1588
101800900000142305307 5 285797,97 4823241,98 101800900000142305307 8610 ZORRILLA 1026 1588
101800900000142305307 8 285806,67 4823206,84 101800900000142305307 8610 ZORRILLA 1026 1588
101800900000142305307 10 285847,72 4823202,71 101800900000142305307 8610 ZORRILLA 1026 1588
=
STNAME NUM X Y MSLINK MAPID Degree of
disability
|:| D : ZORRILLA 2 285763,55 4823210,8 1026 1588 33
ZORRILLA 5 285797,97 4823241,98 1026 1588 35
ZORRILLA 8 285806,67 4823206,84 1026 1588 98
ZORRILLA 10 285847,72 4823202,71 1026 1588 78
2
STNAME NUM CcP Degree of
disability
ZORRILLA 2 33204 33
ZORRILLA 5 33204 38 A GIS associated
ZORRILLA 8 33204 98 database
ZORRILLA 10 33204 36
Thematic database (Regional Ministry of
Social Welfare and Housing)
Fig. 5. Relational database model and attribute data structures
Main list
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DI | Street -
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DI Street X Y
Uria Land use
y y
Characteristics
disabled people Cadastre code X
Data set DI Data
DI Kind of Degree of Other 7
disability disability characteristics
7 Locomotive 55% wheelchair
Data census/
Data set
DI Municipality of work Transport mode
7 Gijon train
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Table 2. Parishes and neighborhood’s surface

Parish Hectare D;Zizllid Neighborhood | Hectare D;;zzgﬁd (Eﬂ;sggf)
Verifia 215,03 2 || Ciares 120,98 2.031 10
Poago 257,10 Cimavilla 25,16 282 4
Santurio 280,86 Contrueces 70,10 464 6
Ruedes 342,45 El Bibio 46,69 418 8
Fano 361,62 El Centro 99,53 4,016 35
Jove 382,72 65 || El Coto 43,44 1.220 17
Roces 383,40 42 || El Llano 100,97 4918 28
Granda 415,71 El Natahoyo 135,26 1.572 17
Vega 454,43 El Poligono 57,81 1.381 10
Bernueces 481,28 1|] Jove 575,16 1 23
Leorio 531,55 La Arena 32,92 2.297 11
Fresno 532,19 La Calzada 115,79 2.553 30
Huerces 584,33 Las Mestas 51,15 92 6
Tacones 599,16 Laviada 30,29 2.007 11
La Pedrera 633,38 Montevil 44,23 281 13
Porceyo 637,47 Nuevo Gijon 28,07 518
Llavandera 656,94 Perchera 44,70 245
Tremaries 689,77 46 || Pumarin 67,60 2.256 18
Cabueries 737,50 6 || Roces 99,31 211 11
Valdornén 787,37 Sta. Barbara 72,11 0 2
Caldones 847,39 Tremaries 586,10 4 23
Somid 1.044,69 136 || Verifa 215,02 0 10
Deva 1.052,69 Viesques 106,66 63 13
Serin 1.445,69
Cenero 2.385,44
TOTAL 16.740,16 298 || TOTAL 2.769,06 26.830 320
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Table 3. Number of bus stop in “El Centro* neighbourhood

NAME
MUSEO DEL FERROCARRIL
PEDRO DURO
F.E.V.E.
GOTA DE LECHE (LADO MAGNUS BLIKSTAD)
BEGONA
LOS CAMPOS
BEGONA
GOTA DE LECHE (LADO LLANES)
HUMEDAL (LADO SEMAFORO)
FOMENTIN
PEDRO DURO
PLAYA DE PONIENTE
MANUEL LLANEZA
PRENDES PANDO
HUMEDAL (LADO CABINA)
PLAZA DEL CARMEN
PLAZA DEL INSTITUTO
CAPUA
CURA SAMA
LA PLAYA
LUCIANO CASTANON
CRUZ ROJA
PLAZA DE SAN MIGUEL
PLAZA DEL INSTITUTO
ALVAREZ GARAYA
AVDA. SCHULZ (PUERTA LA VILLA)
PLAZA EUROPA
JARDINES DE LA REINA
INSTITUTO
PUERTA LA VILLA
CAPUCHINOS
MIERES
AVDA. CONSTITUCION (PUERTA LA VILLA)
PLAZA DEL CARMEN (BLANCA RIOS)
ALVAREZ GARAYA
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Table 4. A part of the table shows by ArcView: distance between postal addresses and bus stop

POSTAL DISTANCE
STREET ADDRESS NAME BUS STOP (metres)
ADOSINDA 13 CRUZ ROJA 75
ADOSINDA 14 CRUZ ROJA 100
ADOSINDA 15 CRUZ ROJA 100
ADOSINDA 17 CRUZ ROJA 100
AGUA 27 PLAZA DEL CARMEN 125
ALARCON 1 LOS CAMPOS 200
ALARCON 2 LOS CAMPOS 200
ALARCON 3 LOS CAMPOS 175
ALARCON 4 LOS CAMPOS 200
ALARCON 5 LOS CAMPOS 175
ALARCON 6 LOS CAMPOS 200
ALARCON 8 LOS CAMPOS 200
ALARCON 9 LOS CAMPOS 175
ALARCON 10 LOS CAMPOS 200
ALARCON 11 LOS CAMPOS 175
ALARCON 12 LOS CAMPOS 200
ALARCON 14 LOS CAMPOS 200
ALARCON 16 LOS CAMPOS 200
ALARCON 18 LOS CAMPOS 200
ALFONSO | 1 LOS CAMPOS 150
ALFONSO | 2 CRUZ ROJA 150
ALFONSO | 3 LOS CAMPOS 175
ALFONSO | 4 CRUZ ROJA 175
ALFONSO | 6 CRUZ ROJA 175
ALFONSO | 7 LOS CAMPOS 200
ALFONSO | 8 LOS CAMPOS 200
ALFONSO | 9 LOS CAMPOS 225
ALFONSO | 10 LOS CAMPOS 200
ALFONSO | 12 LOS CAMPOS 225
ALFONSO | 13 LOS CAMPOS 250
ALFONSO | 14 LOS CAMPOS 225
ALFONSO | 16 LOS CAMPOS 225
ALFONSO | 18 LOS CAMPOS 250
ALFONSO | 20 LOS CAMPOS 250
ALFONSO | 22 LOS CAMPOS 250
ALFREDO TRUAN 4 BEGONA 100
ALFREDO TRUAN 6 BEGONA 100
ALFREDO TRUAN 7 BEGONA 75
ALFREDO TRUAN 8 BEGONA 75
ALFREDO TRUAN 9 BEGONA 50
ALFREDO TRUAN 11 BEGONA 50
ALMACENES 2 F.E.V.E. 75
ALMACENES 4 F.EV.E. 75
ALMACENES 9 PEDRO DURO 75
ALLER 2 BEGONA 75
ALLER 7 BEGONA 100
ANSELMO CIFUENTES 2 BEGONA 175
ANSELMO CIFUENTES 6 BEGONA 175
ANSELMO CIFUENTES 8 BEGONA 175
ANSELMO CIFUENTES 10 BEGONA 175
ANSELMO CIFUENTES 11 BEGONA 150
ANSELMO CIFUENTES 12 BEGONA 175
ANSELMO CIFUENTES 16 PUERTA LA VILLA 175
ARGANDONA 2 MIERES 50
ARGANDONA 2 MIERES 50
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Table 5. People’s distribution according to the distance

Distance to the Postal Disabled
nearest bus addresses | people’s
stop (metres) number number
25 67 224
50 149 604
75 181 624
100 178 611
125 171 612
150 134 440
175 99 316
200 65 272
225 39 122
250 30 86
275 15 52
300 7 36
325 5 17
Total 1.140 4.016

Fig. 8. Bus stop buffers: “El Centro” district
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Table 6. Coverage rates for transport (%)

THE USE OF GIS TO STUDY TRANSPORT FOR DISABLED PEOPLE

Distance to the bus stop (metres)

Neighborhood [0,75) | [75,150) | [150,225) | [225,300) | [300,375) | >375
Ciares 15,47 29,89 22,82 14,40 11,55 | 5,86
Cimavilla 22,87 42,58 23,50 8,98 096 [ 1,12
Contrueces 15,71 22,56 19,07 19,22 12,85 | 10,58
El Bibio 26,71 45,43 20,46 7,37 0,02
El Centro 38,47 44,66 15,64 1,23
El Coto 49,70 44,41 5,89
El Llano 34,55 44,68 16,04 3,71 0,98 | 0,04
El Natahoyo 16,37 27,09 22,99 16,24 10,07 | 7,24
El Poligono 22,93 40,94 22,58 8,97 3,72 | 0,86
Jove 4,81 11,49 15,85 15,96 12,64 | 39,25
La Arena 47,86 50,29 1,86
La Calzada 32,07 42,17 19,39 5,49 0,87
Las Mestas 13,41 26,74 23,08 16,61 13,75 | 6,41
Laviada 44,14 47,31 8,55
Montevil 33,54 49,88 16,00 0,59
Nuevo Gijon 30,66 36,80 21,24 8,92 2,33 | 0,06
Perchera/La Brafia | 10,32 15,16 12,84 16,67 18,76 | 26,25
Pumarin 32,24 44,79 22,96 0,01
Roces 13,29 25,15 27,64 21,42 8,80 | 3,69
Santa Barbara 2,60 6,37 7,92 9,81 11,73 | 61,58
Tremaries 511 11,34 13,37 12,07 11,86 | 46,24
Verifia 6,19 14,83 21,84 14,19 11,18 | 31,77
Viesques 14,23 18,37 12,48 16,45 14,31 | 24,16
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Table 7. Disabled people distributed by neighborhood and distance to the bus stop

Distance to the bus stop (metres)
Total

Neighbor. | 25 | 50 | 75 | 100 | 125 | 150 | 175 | 200 | 225 | 250 | >275 disa/b'ed
Neighbor

Ciares 113 278 350 451 333 304 158 40 4 2.031
Cimavilla 1 40 51 42 66 48 29 5 282
Contrueces 29 103 84 111 95 22 16 3 1 464
El Bibio 12 75 81 111 74 48 17 418
El Centro 247 653 766 806 630 385 260 | 174 | 74| 21 4.016
El Coto 131 306 377 253 118 18 9 8 1.220
El Llano 229 635 763 960 949 613 414 | 216 | 110 21 8 4.918
El Natahoyo 136 287 209 228 244 135 90 | 89| 54| 64 36 1572
El Poligono 94 141 368 351 215 122 33 24 18 15 1.381
Jove 1 1
La Arena 176 458 583 500 342 205 33 2.297
La Calzada 182 440 498 606 438 230 99 51 9 2.553
Las Mestas 2 2 2 20 21 14 12 7 11 1 92
Laviada 199 303 609 367 317 186 20 6 2.007
Montevil 56 88 30 44 37 14 4 7 1 281
Nuevo Gijon 40 94 140 131 73 33 2 3 2 518
Perchera 8 38 75 79 23 5 1 6 4 6 245
Pumarin 82 287 323 305 329 385 267 | 166 | 100 12 2.256
Roces 4 24 49 39 44 39 12 211
Tremaries 4 4
Viesques 8 8 21 11 12 1 1 1 63
TOTAL 1.749 | 4.260 | 5.379 | 5.415 | 4.360 | 2.807 | 1.477 | 796 | 387 | 129 71 26.830
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