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ABSTRACT

The role of the public transport system as promoter of social inclusion is gaining increasing attention
in the fields of transport policy and planning. This is especially relevant in areas traditionally
characterized by high levels of poverty and structural inequalities where it can be a decisive element in
the reduction of social exclusion. This paper evaluates the topic through an innovative methodology
based on index comparison. Firstly, a traditional accessibility index is used which considers the access
time to public transport stops, and secondly an Index of Transport Social Disadvantage is proposed. It
includes the transport disadvantage factors of the populations, such as disability, old age, low income,
unemployment and pre-school children. These transport disadvantage characteristics have been divided
into two groups: the first includes the disadvantage characteristics distributed equally. In the second
group, the disadvantaged groups in transport with an unequal territorial distribution are taken into
account. The Gini index is used to ascertain the differences in these groups. This method facilitates the
identification of the unequal distribution of transport disadvantage and therefore, social exclusion. The
consideration of the two indexes, access time and transport social disadvantages, will find the areas not
only with low accessibility levels, but also with high levels of population with transport disadvantages,
thereby assessing social exclusion linked with public transport. This methodology is applied to the
public operated transport system of the Guadalajara Metropolitan Area, Mexico. Its development
reveals which areas are affected by the under provision of public transport as well as the population
characterized by transport social disadvantage, which together give a clear indicator of the situation of
social exclusion linked to the public transport system.
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1 INTRODUCTION
It is well recognized that the ability to travel is a basic need which allows access to other
elementary and auxiliary necessities [1]-[3]. Mobility-related social exclusion is a situation
where the transport system is inadequate or even non-existent. In these cases, people are
limited in access to economic or social activities, resulting in fewer opportunities [4]-[8].
An unsatisfactory transport system is thus an important factor in triggering social exclusion
[91-{11].

The role of the public transport system as promoter of social inclusion is gaining
increasing attention in the fields of transport policy and planning [12]. This is especially
relevant in a context traditionally characterized by high levels of poverty and structural
inequalities. The provision of transport is directly related to the access time to reach the
stations/stops. Moreover, some socioeconomic characteristics affect the intensity of the
disadvantage of transport, even more so if the spatial distribution is uneven. Hence, to avoid
social exclusion, a transportation system should be satisfactory for users with these kind of
socioeconomic characteristics [13].
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Most of the empirical evidence of transport exclusion in Latin America is concentrated in
South America [13]. There are few published papers or reports regarding this topic in the
Guadalajara Metropolitan Area (GMA) [14]-[17]. To fill this gap, this paper describes the
evaluation of social exclusion through an innovative methodology based on dual index
comparison, i.e. Index of Access Time Disadvantage (IATD) and Index of Transport Social
Disadvantage (ITSD).

This paper is structured as follows. In this section we describe the problem, the lack of
empirical analysis from case study and how we fill this gap. In Section 2 we describe the
methodological approach and the study area. Next, in Section 3 we discuss the spatial patterns
of the relationship between social and transport disadvantages in the urbanized area of GMA.
Finally, we derive our conclusions from this research in Section 4.

2 METHODOLOGY
Based on previous research [3], [18]-[22], this study uses index comparison to examine
social exclusion in relation to transport. Scrutiny of the IATD and the ITSD identifies not
only the areas with low accessibility levels, but also with high levels of transport social
disadvantages, and thereby allows the assessment of social exclusion linked with public
transport. The study was carried out in the Guadalajara Metropolitan Area (GMA), Mexico,
and was focused on the public operated transport system.

As shown in Fig. 1, the GMA is an area of nine municipalities with 4.8 million inhabitants
[23]. More than half of them live only in two municipalities, that is, Guadalajara and
Zapopan, with 30% and 27% of the GMA population, respectively. The peripheral area is
mainly rural with low population density, except for the municipal capitals. The metropolitan
mobility investments have traditionally favored the automobile infrastructure over the mass
transport system [24]. The public operated mass transport system is known as SITEUR. It
includes four modes of transport, i.e. light rail transit (LRT), bus rapid transit (BRT), trolley
and bus. It mainly serves the central area of the metropolis with nearly half a million daily

‘ [ IMexico
—SITEUR B Jalisco
B Study area

GMA

Pacific -
Municipal border |_Ocean

Zapopan

>
. Tla]onlul(:gde Zuiiiga e d llld“‘“-'?l'-liil'l

I
’ *ﬁ,’ ~ B Jalisco
’x [xtldhu.lmn dc los \«’lcmbnllus GMA
N v
0 5 10 20 30 .
Kilometers

Figure 1: Urbanized area of the Guadalajara Metropolitan Area.
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journeys [25], while other areas are served by low quality privately-operated buses,
microbuses and other flexibly structured transit systems [16], [24]. Since transportation is a
metropolitan issue [26], this study includes the nine municipalities, despite the enormous
differences in the coverage by the SITEUR service and in their socioeconomic
characteristics.

The IATD was calculated based on distance between the stops/stations and the basic
spatial unit of analysis, i.e. the Geoelectoral Section (GS). ArcGis® was the geographic
information system used for this network analysis. Two assumptions were made. First, the
centroid of the GS was used for the service area calculations. Second, if a GS had several
transport mode options at a distance of less than 5 minutes, the mode with the highest
hierarchy was chosen, i.e. first the LRT, followed by the BRT, then the trolley and finally
the bus.

The ITSD was designed and calculated with social factors in relation with transport [13].
The characteristics of disadvantage in transport were divided into two groups with the Gini
Index. In the first group, the students, elderly and non-social security population were equally
distributed in the territory. The second group takes into consideration the transport
disadvantage factors of, disability, unemployment, non-private-owned car, pre-school
children (0-5), lack of refrigerator and illiteracy [27], which are unequally distributed in the
territory.

The ITSD was calculated with the second group of characteristics by the means of
eqn (1)

ITSD = 2?:1 ITDij. )

The ITDij represents the transport handicap index in section i for the handicap condition j.
The data were ordered according to the condition of disadvantage j from lowest to highest
and divided by quintiles according to population. The ITDij could take three values. It took
the value 0, low disadvantage, when the population of district i was in the lowest 20% of
disadvantage. It took the value 2 when the population of district i was in the top 20% of
disadvantage. And took a value of 1 for the rest. Each district i took a value for each of the
six unequally distributed transport disadvantage conditions. Thus, the index ITD represents
the sum of ITDi from j=1 to 6. And it can take values from 0: low disadvantage in all
conditions; to 12 with high disadvantage in all indicators of transport disadvantage. Finally,
the IATD was overlapped with the ITSD and the temporary disadvantage in access to
transport supply. As a result, areas of social and public transport exclusion were identified.

3 ITSD = 216'=1 ITDI]. RESULTS AND DISCUSSION
The indexes assessment was mapped and spatial patterns were identified. In accordance with
previous studies [3], [16], [28], results highlight higher access time and transport social
disadvantages in the non-central areas of the GMA, especially the southeast.

Fig. 2 maps the sum of social factors used to calculate the ITSD. Average values cover
almost the entire city, except for three areas: the northwest of the city center of Guadalajara,
where some of the residential areas with the highest real estate value are located, has lower
transport social disadvantages; the eastern area dissected with the metropolis core; and
finally, a red small red area within the yellow which is an irregular settlement known as
“Cerro del Cuatro” with high socioeconomic disadvantages.

Fig. 3 shows the normalization and both indexes. On the one hand, it can be seen that
around SITEUR the IATD is low and it is distributed over 14% of the developed area, with
an average degree of disadvantage occupying 51% of the area and the high IATD occupying
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Figure 2: Number of social factor disadvantages in relation with transport.
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Figure 3: Indexes of access time disadvantage and transport social disadvantage.

WIT Transactions on The Built Environment, Vol 200, © 2020 A. L. Grindlay published by WIT Press under CCBY4.0
www.witpress.com, ISSN 1743-3509 (on-line)



Urban Transport XXVI 199

Table 1: Surface per index grade.

Grade of Time Transport
disadvantage | disadvantage | Surface (%) | disadvantage | Surface (%)
(80/20) surface (m?) surface (m?)
0 106,876,144 14% 599,807,878.56 18%
1 391,091,989 51% 1,190,489,183.75 35%
H 2 268,680,443 35%  [1,592,670,988.82  47%
Total 766,648,577 3,382,968,051.13

a dispersed area of 35% of the territory. On the other hand, the lowest value of the ITSD
occupies 18% of the surface and is located in the northwest, those of medium disadvantage
occupy 35% of the territory and are in the center, while the high social disadvantage of
transport occupies 47% of the surface and is dispersed in the southeast (Table 1). The system
does not reach these areas as it is no feasible to serve such dispersed urbanized areas [29].

As shown in Fig. 4, almost all the urban areas of the municipalities of El Salto, Ixtlahuacan
de los Membrillos, Juanacatlan, Tajomulco de Ztiiica and Zapotlanejo were evaluated as
highly disadvantaged in both indexes. This coincides with the perception that, although these
municipalities formally belong to the metropolitan area, there are still structural differences
that exclude them from the transportation benefits offered in the other four municipalities
[30]. Even if SITEUR does not serve the southern areas of the GMA, the proximity of the
LRT and the BRT helps to reduce social exclusion in this area. According to Rios [24], results
highlight the need to build an orderly network and integrate mass transport in the GMA.
Fig. 4 also shows that the edge of the Periférico (a 12-lane avenue) is a barrier to both the
time of access to transport and the social disadvantage of transport. It highlights that SITEUR
improves access to the population in the south with transport disadvantages, since it balances
out time those with greater social disadvantages. Therefore, the SITEUR bus network should
be expanded and the quality of the privately-operated bus network should be improved,
and another structured flexible transit system could be advisable for low demand for these
areas [31].
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Figure 4: Overlap of indexes of access time disadvantage and transport social
disadvantage.
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Figure 5: Marginalization grade at neighborhood scale.

These results are consistent with the general socioeconomic reality of GMA as it can be
seen with respect to the mapped official marginalization grades [32] (Fig. 5).

On one hand, the strength of this study is its capacity to explain of a complex phenomenon
with a relatively simple methodology. Moreover, this methodology can be transferred to
other cities and be used for comparative studies over time. On the other hand, the study lacks
updated data, due to their availability. Consequently, future research will recalculate the
indices after the next population and housing census. Likewise, it is expected that social
exclusion will be reduced with new mass transportation lines under construction, as well as
the improvement of the quality of privately-operated bus and flexible transit systems in non-
central areas.

4 CONCLUSIONS

The link between public transport systems and social inclusion is well recognized.
Nevertheless, there is little empirical evidence of this relationship in Mexico, a country
characterized by structural inequalities. Thus, the innovative methodology developed and
applied to the GMA, Mexico is an advance in the empirical demonstration of this relationship.
This study has made it possible to identify that the most socially disadvantaged inhabitants
are not adequately served by the public transport system SITEUR. This is clearly revealed
with the calculated indicator of social exclusion related with SITEUR.

The analysis was carried out through the design and calculation of two indexes. First, the
IATD, a temporal disadvantage based on walking time to the SITEUR’s station/stop nearest
to the dwelling and, second, a multivariate ITDI based on socioeconomic factors unequally
distributed in the territory. Official open access data were introduced to basic statistical and

WIT Transactions on The Built Environment, Vol 200, © 2020 A. L. Grindlay published by WIT Press under CCBY4.0
www.witpress.com, ISSN 1743-3509 (on-line)



Urban Transport XXVI 201

Geographic Information Systems tools. The results match with previous academic studies
obtained with qualitative methods showing that the non-central areas of the Latin-American
cities are the most socially excluded.

It can be concluded that SITEUR improves the time of access to public transport, but it is
insufficient to serve the Southeast which has a high transport social disadvantage. This is
understood by the difficulty of serving fragmented areas with mass transport. Thus, it is
suggested to increase the SITEUR quality bus network, to improve the quality of the
privately-operated bus network and other structured flexible transit systems for low demand
for these areas. In addition, the mass transportation line planned to connect the international
airport (at the south east of the GMA) will reduce the disadvantages in that area in the future.
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