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Prefacio

Esta tesis es un trabajo original de investigacion que se presenta como una
agrupacion de publicaciones, de acuerdo con el articulo 18.4 de las Normas
Reguladoras de las Ensefianzas Oficiales de Doctorado y del Titulo de Doctor por
la Universidad de Granada. Esta normativa indica que la tesis debe de incluir al
menos tres articulos publicados o aceptados en los que la doctoranda tenga una

contribucioén cientifica relevante.

Las contribuciones cientificas originales resultan de una investigacion
independiente que aporta al conocimiento de la planeacion del territorio y el
transporte, desde una perspectiva interdisciplinar. Las publicaciones atienden la
tendencia nacional e internacional de ciencia abierta, de manera particular, en lo

gue se refiere al acceso abierto.

Los tres casos de estudio (CE) propuestos para ser aprobados por el Consejo
Académico del Doctorado en Ingenieria Civil en la sesion de abril 2022 y ser
considerados como parte sustancial de esta tesis por compendio de articulos fueron:

1. Ochoa-Covarrubias, G., Grindlay, A. L., & Lizarraga, C. (2021). Does the Mass
Public Transport System Cover the Social Transport Needs? Targeting SDG
11.2 in Guadalajara, Mexico. Applied Sciences, 11(16), 77009.

https://doi.org/10.3390/appl11167709

JCR (2021): Factor de impacto 2,679, Clasificacion: Q2 (Engineering,

Multidisciplinary-SCIE, 91 revistas en la categoria)

2. Ochoa-Covarrubias, G., Gonzalez-Figueredo, C., DeAlba-Martinez, H. &
Grindlay, A. L. (2021) Air Quality and Active Transportation modes: A
Spatiotemporal Concurrence Analysis in Guadalajara, Mexico. Sustainability,
13(24), 13904. https://doi.org/10.3390/su132413904

JCR (2020): Factor de impacto 3,251, Clasificacion: Q2 (Environmental
Studies-SSCI, 125 revistas en la categoria)
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3. DeAlba-Martinez, H., Grindlay, A. L., & Ochoa-Covarrubias, G. (2021).
(In)Equitable Accessibility to Sustainable Transport from Universities in the
Guadalajara Metropolitan Area, Mexico. Sustainability, 13(1), 55.
https://hdl.handle.net/11117/7402. https://doi.org/10.3390/su13010055

JCR (2020): Factor de impacto 3,251, Clasificacion: Q2 (Environmental

Studies-SSCI, 125 revistas en la categoria)

Esta disertacion se estructura como se muestra en la Figura 1.

La seccién | es una introduccién que incluye la presentacién general de la

investigacion, asi como los marcos tedrico y metodologico de las publicaciones.

La seccién Il corresponde al contenido sustancial de la tesis, es decir, los CE.
Esta seccion incluye los tres CE publicados en revistas cientificas, por lo cual vienen
inglés (DeAlba-Martinez et al., 2021; Ochoa-Covarrubias, Gonzalez-Figueredo,
et al., 2021; Ochoa-Covarrubias, Grindlay, et al., 2021).

La seccién Ill muestra la discusion y las conclusiones generales, asi como las
reflexiones finales. Se redacta en inglés en cumplimiento con el doctorado

internacional solicitado.

La seccion IV incluye los anexos que constan del resumen de los CE, el listado
de la produccion académica y de los cursos de formacion, ademas de las

referencias, tanto de esta tesis como de los CE.

Esta tesis doctoral fue financiada por el Consejo Nacional de Ciencia y
Tecnologia y el Fideicomiso de Desarrollo de México, bajo el convenio 2018-
000013-01EXTF-00038. Ademas, recibid6 apoyo del Instituto Tecnolbégico y de
Estudios Superiores de Occidente (ITESO), México a través del Programa de
Superacion del Nivel Académico. La estancia de investigacion en el Laboratorio de
Planeamiento, Economia y Transporte (LAET, por sus siglas en francés) en Lyon,
Francia fue sostenida parcialmente por el programa ERASMUS de la Unién Europea
y posibilitd experimentar la multimodalidad del completo sistema de transporte

publico lionés.
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Figura 1. Estructura de la tesis
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Preface

This dissertation is an original research work presented under a compendium of
academic publications. The innovative scientific contributions are the results of
independent research that contributes to the knowledge of transportation planning,
from an interdisciplinary perspective and follows the worldwide trend of open

science, particularly in regard to open-access data.

According to article 18.4 of the Regulations of Official Doctoral Studies and of the
Doctoral Title by the University of Granada, an article-based dissertation must have
at least three scientific contributions authored by the candidate in a relevant
indexation. In consequence, three case studies were proposed to be approved by
the Academic Committee of the Civil Engineering Doctoral Program, from the

International Postgraduate School of the University of Granada in April 2022.

The publications comply with current regulations regarding the quality of the
dissemination of results during the doctoral training process at the University of
Granada and were considered a substantial part of this thesis through the

compilation of articles.

The three academic articles published in international journals comply with the

current regulations of quality of the University of Granada:
1. Ochoa-Covarrubias, G., Grindlay, A. L., & Lizarraga, C. (2021). Does the Mass
Public Transport System Cover the Social Transport Needs? Targeting SDG
11.2 in Guadalajara, Mexico. Applied Sciences, 11(16), 77009.

https://doi.org/10.3390/appl11167709

JCR (2021): Impact factor 2,679, Classification: Q2 (Engineering,
Multidisciplinary-SCIE, 91 journals in this category)

2. Ochoa-Covarrubias, G., Gonzalez-Figueredo, C., DeAlba-Martinez, H. &
Grindlay, A. L. (2021) Air Quality and Active Transportation modes: A
Spatiotemporal Concurrence Analysis in Guadalajara, Mexico. Sustainability,
13(24), 13904. https://doi.org/10.3390/su132413904
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JCR (2020): Impact factor 3,251, Classification: Q2 (Environmental
Studies-SSCI, 125 journals in this category)

3. DeAlba-Martinez, H., Grindlay, A. L., & Ochoa-Covarrubias, G. (2021).
(In)Equitable Accessibility to Sustainable Transport from Universities in the
Guadalajara Metropolitan Area, Mexico. Sustainability, 13(1), 55.
https://hdl.handle.net/11117/7402. https://doi.org/10.3390/su13010055

JCR (2020): Impact factor 3,251, Classification: Q2 (Environmental
Studies-SSCI, 125 journals in this category)

Based on this consent, this thesis is structured as shown in Figure 1.

Section | presents research context, goals and questions, as well as theoretical,

methodological and contextual frameworks.

Section Il constitutes the main core of the dissertation. The empirical studies are
presented as published.

Section Il presents the discussion and conclusions.
Section IV includes references and annexes

The research work was supported by the National Council for Science and
Technology (Mexico) and the Mexico Development Trust, through a four year
scholarship abroad (2018-000013-01EXTF-00038).

This doctoral thesis was also supported by the Western Institute of Technology
and Higher Studies, Mexico (ITESO, from its initials in Spanish). The research
residence at the Laboratory of Planning Economy Transport (LAET, from its acronym
in French) in Lyon, France was partially supported by the European Union
ERASMUS program and made it possible to experience the multimodality of the

Lyon’s public transport system.
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Socio-spatial dimensions of mass transport system evaluated with open-access data, spatial and
multicriteria analysis. The case of the Guadalajara Metropolitan Area, Mexico
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Préface

Cette thése est un travail de recherche original présenté dans un recueil de
publications académiques. Les contributions scientifiques innovantes sont les
résultats de recherches indépendantes qui contribuent a la connaissance de la
planification des transports, dans une perspective interdisciplinaire et suivant la
tendance mondiale de la science ouverte, notamment en ce qui concerne les

données en libre acces.

Selon l'article 18.4 du Reglement des enseignements officiels de doctorat et du
titre de docteur de I'Université de Grenade, une these par articles doit avoir au moins
trois contributions scientifiques rédigées par le candidat dans une indexation
pertinente. En conséquence, trois cas d'étude ont été proposés pour leur
acceptation au Comité Académique du Programme de Doctorat en Génie Civil, de

I'Ecole Internationale de Troisiéme Cycle de I'Université de Grenade en avril 2022.

Les trois articles académiques publiés dans des revues internationales sont

conformes aux normes de qualité en vigueur de I'Université de Grenade :
1. Ochoa-Covarrubias, G., Grindlay, A. L., & Lizarraga, C. (2021). Does the Mass
Public Transport System Cover the Social Transport Needs? Targeting SDG
11.2 in Guadalajara, Mexico. Applied Sciences, 11(16), 77009.

https://doi.org/10.3390/appl11167709

JCR (2021): Impact factor 2,679, Classification: Q2 (Engineering,
Multidisciplinary-SCIE, 91 journals in this category)

4. Ochoa-Covarrubias, G., Gonzalez-Figueredo, C., DeAlba-Martinez, H. &
Grindlay, A. L. (2021) Air Quality and Active Transportation modes: A
Spatiotemporal Concurrence Analysis in Guadalajara, Mexico. Sustainability,
13(24), 13904. https://doi.org/10.3390/su132413904

JCR (2020): Factor de impacto 3,251, Clasificacion: Q2 (Environmental
Studies-SSCI, 125 revistas en la categoria)
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2. DeAlba-Martinez, H., Grindlay, A. L., & Ochoa-Covarrubias, G. (2021).
(In)Equitable Accessibility to Sustainable Transport from Universities in the
Guadalajara Metropolitan Area, Mexico. Sustainability, 13(1), 55.
https://hdl.handle.net/11117/7402. https://doi.org/10.3390/su13010055

JCR (2020): Impact factor 3,251, Classification: Q2 (Environmental
Studies-SSCI, 125 journals in this category)

Les publications sont conformes a la réglementation en vigueur concernant la
qualité de la diffusion des résultats au cours du processus de formation doctorale a
I'Université de Grenade et ont été considérées comme une partie substantielle de
cette these par la compilation d'articles. Sur la base de ce consentement, cette thése

est structurée comme suit (Figure 2)

La section | présente le contexte, les objectifs et les questions de la recherche,
ainsi que les cadres théoriques et méthodologiques.

La section Il correspond au corps principal de la thése. Les études empiriques

sont présentées telles qu'elles ont été publiées.
La section Il présente la discussion et les conclusions.
La section IV comprend des références et des annexes.

Les travaux de recherche ont été soutenus par le Conseil National de Science et
Technologie (Mexique) et le Fiducie de développement du Mexique, grace a une
bourse de quatre ans a I'étranger (2018-000013-01EXTF-00038).

Cette thése de doctorat a également été soutenue par l'Institut Occidental de
Technologie et des Etudes Supérieures, Mexique (ITESO par ses initiales en
espagnol). Le séjour de recherche au Laboratoire d'aménagement, d'économie et
de transport (LAET, pour son sigle en francais) a Lyon, France a été partiellement
soutenu par le programme ERASMUS de I'Union européenne et a permis d'essayer

la multimodalité de I'ensemble du systeme de transports en communs lyonnais.
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Resumen

Desplazarse es un derecho fundamental de las sociedades democraticas y permite
alcanzar las oportunidades de desarrollo social, econémico y cultural que la ciudad
ofrece. La movilidad estd determinada, en gran medida, por las condiciones
socioecondmicas de las personas, asi como por la localizacién y pertinencia de las
oportunidades. En contextos metropolitanos con inequidades estructurales, el
acceso a los sistemas de transporte masivos es limitado. Esto incrementa la
vulnerabilidad y contribuye a la exclusion social relativa al transporte. Esta
exclusion, a su vez, deriva en un incremento de la desigualdad y la pobreza. Esta
tesis contribuye a la compresion de las dimensiones sociales y espaciales del

transporte publico urbano que subyacen en metropolis latinoamericanas.

La hipotesis general fue que las dimensiones sociales y espaciales del transporte
publico masivo pueden estimarse por medio de la accesibilidad, de forma particular,
identificando zonas con diferentes grados de exclusion social por transporte, a partir
de datos de libre acceso y analisis espaciales y multicriterio.

A fin de comprobar la hip6tesis se propuso una metodologia cuantitativa para
estimar el acceso al transporte como un indicador de exclusion social disefiada para
contextos con limitaciones financieras y técnicas. Esta se aplico al Area
Metropolitana de Guadalajara (AMG), México, atendiendo a problemas
estructurales intrinsecos al transporte, como la desigualdad social, la expansion
urbana y la mala calidad del aire, en tanto que dimensiones sociales y espaciales

del transporte publico.

¢ Es suficiente el sistema de transporte masivo para atender a las necesidades
sociales del transporte? ¢En qué condiciones ambientales se desplazan los
usuarios del transporte publico? ¢La distribucion espacial de sus estaciones
promueve el acceso a colectivos vulnerables? Esta tesis prueba conceptos teoricos
y metodoldgicos en la zona de estudio seleccionada para responder a estas y otras
preguntas y ofrece hallazgos empiricos para profundizar en la comprension del

papel del transporte publico en el contexto de la complejidad urbana.
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El presente documento se estructura a partir de tres CE empiricos publicados en
revistas académicas internacionales de alto impacto que confirman altos grados de

exclusion social relativa al transporte en el ambito metropolitano estudiado.

Los hallazgos del primer caso demuestran que la movilidad reducida, el
analfabetismo, el desempleo y el ingreso son variables que definen en gran medida
las necesidades sociales del transporte en la metropoli. Ademas, se observo que el
sistema de transporte masivo sirve de manera limitada para subsanar las
necesidades sociales del transporte tanto en la periferia como en areas centrales
especificas.

Por su parte, en el segundo caso se pudo identificar que los usuarios de
transportes sostenibles son expuestos a episodios de mala calidad del aire en una
pequefia proporcion. Asimismo, se confirma la generacion limitada de datos por
parte de autoridades encargadas de gestionar cuestiones medioambientales y de

movilidad.

Los resultados del tercer caso mostraron que el colectivo universitario esta en
desventaja de transporte respecto a otros colectivos de la ciudad y que, en

consecuencia, sufren de exclusion social por transporte.

Todos estos CE prueban que las dimensiones sociales y espaciales del
transporte pueden ser explicadas con datos de acceso abierto, analisis espaciales
y multicriterio. En particular, se confirma la pertinencia de utilizar métodos
acumulativos simplificados para estimar el acceso al transporte publico para

contextos con limitaciones técnicas y financieras.

Los hallazgos aportan evidencia empirica para las politicas publicas de los
sectores de la planeaciéon urbana y del transporte, como complemento de politicas
sociales y econémicas que promuevan la inclusion social y el desarrollo en las

ciudades latinoamericanas.
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Abstract

Traveling is a fundamental right of democratic societies and provides opportunities
for the social, economic and cultural development that the city offers. Mobility is
largely determined by transport systems and their relationship with the urban
environment, by people's socioeconomic conditions, and by the location and
relevance of opportunities. In metropolitan contexts with structural inequities, access
to mass transportation systems is limited. This increases vulnerability and
contributes to social exclusion related to transport. This exclusion, in turn, leads to
an increase in inequality and poverty. This dissertation contributes to the
comprehension of the underlying social and spatial dimensions of public transport
(PT) in Latin American metropolises.

The general hypothesis was that the social and spatial dimensions of mass public
transport can be estimated through accessibility, specifically by identifying areas with
different degrees of transport related social exclusion through open-access data and
spatial and multi-criteria analyses.

To prove the hypothesis, a quantitative methodology was proposed to estimate
access to PT as an indicator of social exclusion, and designed for contexts with
financial and technical limitations. This was applied to the Guadalajara Metropolitan
Area (GMA), Mexico, addressing structural problems intrinsic to transportation, such
as social inequality, urban sprawl and poor air quality, as social and spatial

dimensions of PT.

Is the mass transit system adequate to meet the social needs of transportation?
Does the spatial distribution of PT stations provide access to vulnerable groups?
What are the conditions of the urban environment when active mode users
commute? To answer these and other questions, this dissertation proves theoretical
and methodological concepts in the study area mentioned above. Thus, it shows
empirical findings to contribute to the comprehension of the role of PT in the context

of urban complexity.

This document is structured using three empirical case studies (CS) published in

high-impact international academic journals. In addition to the specific findings in

XV
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each case, this research confirms High degrees of social exclusion related to

transport in the metropolitan area studied.

Results of the first CS show that reduced mobility, illiteracy, unemployment and
income are variables that largely define the social needs of transportation in the
metropolis. In addition, it was observed that the mass transit system scarcely served

the social needs of transportation in the periphery and some central areas.

The second CS highlights that users of sustainable transport are exposed to
episodes of poor air quality in a small proportion of trips. In addition, the limited
generation of open-access data produced by authorities from the transport and

environmental sectors is confirmed.

The findings of the third CS show that the university group is in transport
disadvantage compared to other groups in the city, thus they suffer from transport

related social exclusion.

The three CS prove that the social and spatial dimensions of transport can be
estimated with open-access data, spatial analysis and multicriteria. In particular, the
relevance of using simplified cumulative methods to estimate access to public

transport for contexts with technical and financial limitations is confirmed.

The results provide empirical evidence for public policies in the urban planning
and transportation sectors, as a complement to social and economic policies that

promote social inclusion and development in Latin American cities.
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Résumeé

Se déplacer est un droit fondamental des sociétés démocratiques qui conditionne
les opportunités de développement social, économique et culturel offertes aux villes.
La mobilité est largement déterminée par les conditions socio-économiques des
personnes et par le transport, ainsi que par la localisation et la convenance des
opportunités. Dans les métropoles qui se caractérisent par des inégalités
structurelles, I'acces aux systemes de transport en commun est limité. Cela accroit
la vulnérabilité, contribue a I'exclusion sociale et entraine une augmentation des
inégalités et de la pauvreté. Cette these contribue a la compréhension des enjeux

sociospaciaux du transport public dans les métropoles latino-américaines.

Le systeme de transport est-il suffisant pour répondre aux besoins sociaux de
transport ? Dans quelles conditions environnementales les usagers des modes
actifs se déplacent-ils ? La distribution spatiale des stations favorise-t-elle I'acces
aux groupes vulnérables ?

L’hypothése générale de cette thése soutient que les enjeux sociospatiaux de
transports publics de masse peuvent étre estimés a travers le critere de
I'accessibilité, notamment, en identifiant des zones d’exclusion sociale a I'aide de

données en acces libre et d’analyses spatiales et multicritéres.

Pour justifier cette hypothése, une méthodologie quantitative a été proposée en
vue d’évaluer I'accessibilité au transport comme indicateur d’exclusion sociale. La
méthodologie a été appliquée a la métropole de Guadalajara, au Mexique, une ville
qui connait de nombreux problemes structuraux sur la question du transport, parmi
lesquels s'imposent d’abord la prégnance des inégalités sociales et la mauvaise
qualité de l'air. Les résultats empiriques contribuent a étudier le réle social des

transports publics dans un contexte de grande complexité urbaine.

Ce document est structuré a partir de trois études de cas publiees dans des
revues académiques de référence sur le plan international, qui confirment le degrée

élevé d'exclusion sociale lié au transport dans la ville.
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Les résultats du premier cas confirment que la mobilité réduite, I'analphabétisme,
le chébmage et le niveau de revenu sont les variables les plus pertinentes a retenir
pour définir les besoins sociaux de transport dans la ville. L’étude confirme en outre
la localisation essentiellement périphérique des besoins sociaux de transport méme
si ce besoin est également attesté dans certains quartiers centraux ou le systeme

de transport de masse est limité.

Le deuxiéme cas montre que seulement une faible proportion des usagers des
transports actifs se trouve exposée aux épisodes de mauvaise qualité de I'air. Les
résultats confirment aussi des limitations de production systématique des données

des transports de masse et de I'environnement.

Le troisieme cas démontre que les communautés universitaires sont
désavantagées vis-a-vis du transport et qu’elles souffrent d’exclusion sociale.

L’inégalité verticale entre aménités publiques et privées n’a pas été confirmée.

Les résultats contribuent aux politiques publiques tant des secteurs de
l'urbanisme et des transports, que sociales et économiques pour favoriser l'inclusion

sociale et le développement dans les villes d’Amérique latine.
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I.  INTRODUCCION

Este capitulo incluye tres secciones. Primero la presentacion con los antecedentes
y generalidades de la tesis. Después el marco tedrico que fundamentd la propuesta.

Finalmente, el marco metodoldgico de investigacion.
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Esta seccion describe el contexto general de la tesis, ademas de las hipoétesis y la

l. INTRODUCCION

descripcion de la estructura de la tesis.

Contexto general

Mas de la mitad de los habitantes del planeta viven en ciudades (ONU-Habitat,
2021). En Latinoamérica, la poblacion urbana se incrementd un 24.8% en las ultimas
cuatro décadas y se estima que alcanzara el 87.8% en 2050 (CEPAL, 2020). En
México, el Consejo Nacional para la Evaluacién de la Politica Social (CONEVAL)
estima que el 81% de la poblacion mexicana vive en ciudades (CONEVAL, 2019b).
En este contexto de urbanizacion global, regional y local, las decisiones que los
habitantes tomen respecto a la manera como habitar las ciudades, definiran en gran

medida el futuro de la humanidad.

Las ciudades ofrecen oportunidades sociales, culturales y econdomicas. Sin
embargo, ademas de ofrecer oportunidades, las urbes también ponen en evidencia
desigualdades y pobreza. Uno de cada cuatro hogares que viven en ciudades del
mundo no comparten los beneficios de la interaccion con sus semejantes para
acceder a oportunidades sociales, culturales y econémicas (Wilson, 2020). Aunque
la pobreza urbana en América Latina ha disminuido del 28.1% al 26.4%, la pobreza
extrema ha incrementado del 5.5% al 8.4%, y, ademas, ambos indicadores son
mayores para las mujeres (CEPAL, 2020). En México, las condiciones demandan
acciones inmediatas, pues el 35% de los habitantes que viven en ciudades sufren
de pobreza o pobreza extrema (CONEVAL, 2019b) y se estima que la situacion se

ha agravado con la pandemia del COVID19.

Los sistemas de transporte publico (STP) posibilitan o dificultan el acceso a las
oportunidades que ofrecen las ciudades (Jaramillo et al., 2012). Es reconocido que
las caracteristicas socioeconomicas determinan en gran medida la decision de
utilizar o no un modo de transporte para resolver las necesidades de
desplazamientos. (Lucas, 2019; Talavera-Garcia & Valenzuela-Montes, 2018;
Vecchio, Tiznado-Aitken, etal., 2020). Esta investigacion contribuye a la
comprension de la complejidad de las metropolis latinoamericanas, en lo general, y

los beneficios e impactos de los STP, en particular.

Dimensiones sociales y espaciales del transporte publico 5



_.' " UNIVERSIDAD
.3 : DEGRANADA

En el contexto mexicano, el analisis tedrico y empirico de las dimensiones

l. INTRODUCCION

sociales y espaciales de los STP es reciente y fue abundante (Ballesteros et al.,
2018; Bayon, 2008; Capron & Pérez Lopez, 2016; Delfin Ortega & Melo Vazquez,
2017; Guerra et al., 2018b; Lopez, 2013, 2017; C. Medina et al., 2013; Medina
Ramirez & ITDP, 2012; S. Medina & Patlan, 2016; Murata et al., 2017; Suarez et al.,
2016). Sin embargo, la produccion académica es aun limitada en el Area
Metropolitana de Guadalajara (AMG). Prevalecen publicaciones con perspectiva
sociolégica que utiliza prioritariamente métodos cualitativos para analizar la
dimension social del transporte (Aceves-Gonzélez et al., 2020; Calonge Reillo,
2017a; Calonge-Reillo, 2021; Castafion Reyes, 2019; Guerrero Contreras &
Valenzuela Montes, 2020; Meza, 2017; Rodriguez, 2019). No se encontraron
publicaciones cientificas que refieran andlisis cuantitativos de las dimensiones
sociales y espaciales en la metropoli, menos aun que utilicen sistemas de
informacion geografica y métodos multicriterio para complementar las reflexiones

existentes sobre estas dimensiones.

Hipotesis

El objetivo genera de esta investigacion fue contribuir a la compresion de las
dimensiones sociales y espaciales del TP que subyacen en metrépolis
latinoamericanas. Para alcanzarlo se propuso una metodologia innovadora que
estima el acceso al TP por medio de datos abiertos y analisis espaciales y

multidimensionales.

La hipétesis general fue que las dimensiones socioespaciales del transporte
publico masivo pueden estimarse a través de la accesibilidad,
particularmente, identificando zonas con diferentes grados de exclusion
social por transporte a partir de datos de libre acceso y analisis espaciales y

multicriterio (HG).

Para comprobar la hipbtesis se propuso una metodologia para estimar el acceso
al transporte como un indicador de exclusion social disefiada para contextos con
limitaciones financieras y técnicas. El principio que sustenté el método fue que el

acceso se define, en gran medida, por las caracteristicas sociales de los usuarios y

Dimensiones sociales y espaciales del transporte publico 6
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por el acceso espacial hacia las estaciones o paradas del sistema. Esta se aplicé al
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Area Metropolitana de Guadalajara (AMG), México, atendiendo a problemas
estructurales intrinsecos al transporte, como la expansion urbana, la desigualdad

social o la mala calidad del aire, en tanto que dimensiones socioespaciales del TP.

La expansion urbana en el AMG ha provocado desigualdades sociales (Cruz
Solis etal.,, 2008; Harner etal., 2018), mala calidad del aire, entre otras
problematicas. De acuerdo con Castafion Reyes (2019), el problema estructural de
la desigualdad en esa metrépoli es la definicion de la tarifa del TP, pues se
fundamenta en criterios técnicos y econdmicos y sin considerar los sociales. El
porcentaje del ingreso destinado al transporte es del 15.63% para los ingresos mas
altos. En contraste, los hogares con ingresos mas bajos destinan el 35.63%
(Calonge Reillo & Aceves Arce, 2019), dando lugar a inequidad de acceso al
transporte publico en razon de la renta (Diaz Olvera et al., 2017). Mas aun, el 40%
de los desplazamientos en la metropoli se realizan en modos no motorizados, en su
mayoria por dificultades para pagar la tarifa del transporte (Asprilla Lara et al.,
2018).

Por otro lado, la fragmentacion y expansion del modelo urbano también dificultan
el acceso al TP, con lo cual se incentiva el uso del automévil particular. Entre 1980
y 2010, la tasa de motorizacion de la metrépoli increment6 un 942% (Jalisco, 2019)
con el consecuente deterioro de la calidad del aire. En 2019, ésta excedio los
parametros recomendados por la Organizacion Mundial de la Salud durante 267
dias del afio, siendo el ozono y las particulas suspendidas los contaminantes mas

comunes (Jalisco, 2019).

La desigualdad se intensifica para aquellos que viven en la periferia. Este grupo
social puede verse limitado a utilizar modos de transporte de corta distancia, como
la caminata o la bicicleta y, por lo tanto, ser sujeto de exclusién social relativa al
transporte (ESRT).

Esta monografia da cuenta del analisis empirico de dimensiones socioespaciales
del transporte publico urbano a partir del potencial de acceso al TP. En este

documento se presentan tres ensayos empiricos de la metodologia (Figura 1) que

Dimensiones sociales y espaciales del transporte publico 7
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atienden a las probleméticas antes mencionadas. Los casos de estudio (CE) se

incluyen en formato de articulos y se estructuran con base en preguntas de

investigacion que derivan en hipoétesis particulares al area de estudio (Tabla 1).

Tabla 1

Preguntas de investigacion e hipotesis de los casos de estudio

CE! Titulo Hipétesis particular Preguntas de
investigacion
1 ¢ El sistema de La distribucion ¢,Cuadles son las
transporte masivo espacial de las principales variables que

cubre las necesidades necesidades sociales
sociales del del transporte y de las
transporte? Hacia el estaciones del
objetivo de desarrollo  sistema de transporte
sostenible 11.2 en el  publico en el AMG es
AMG desigual

determinan las
necesidades sociales del
transporte en la ciudad?
¢En qué medida responde
el sistema de transporte

masivo a ellas?

Dimensiones sociales y espaciales del transporte publico



UNIVERSIDAD
DE GRANADA

Tabla 1 (continuacion)

INTRODUCCION

CE? Titulo

Hipotesis particular

Preguntas de

investigacion

2 Calidad del aire y

usuarios de modos
activos: un analisis de
concurrencia espacio-

temporal en el AMG

3 (In)Accesibilidad a
transporte sostenible
desde universidades

en el AMG

Los usuarios de
modos activos de
transporte son
altamente expuestos a
episodios de mala
calidad del aire en el
AMG

El acceso a los
sistemas de
transporte sostenible
desde diversos
equipamientos
urbanos en el AMG es
limitado,
especificamente
desde los planteles de

educacion superior

¢,Cuando y en dénde se
exponen usuarios del
transporte publico a
episodios de mala calidad

del aire?

¢,Cuédl es el grado de
accesibilidad al transporte
desde el equipamiento
universitario? ¢La red de
TP promueve un cambio
modal en la generacion de
estudiantes universitarios?
¢ El acceso es mayor
desde equipamiento
universitario publico o

privado?

1CE: Caso de estudio

Estructura de la tesis

Esta tesis se organiza en torno a tres CE que constituyen la sustancia de la

disertacion. EI documento consta de cuatro capitulos y las secciones se humeran

de forma continua a lo largo de toda la tesis (Figura 1).

El capitulo I Introduccidn incluyen tres secciones: la presentacion, el marco

tedrico y el metodoldgico. La primera seccién presenta el contexto, los objetivos del

Dimensiones sociales y espaciales del transporte publico
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proyecto de investigacion doctoral y la estructura de la tesis. La seccion 2, refiere el
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marco tedrico relativo a las dimensiones socioespaciales de los sistemas de
transporte publico masivo (STPM). La seccion 3 describe la meta-metodologia de
investigacion y la metodologia general para los tres CE, con el objeto de facilitar la
replicacion con otros modos de transporte, equipamientos o ambitos metropolitanos.

El capitulo Il presenta los tres CE que sustentan esta tesis. El primer caso
compara las necesidades sociales del transporte con el servicio que ofrece el STPM
en el contexto de la meta 11.2 de los objetivos de desarrollo sostenible. El segundo
caso cuantifica la concurrencia espacio-temporal los usuarios de modos activos
expuestos con episodios de mala calidad del aire. El tercer caso estima la inequidad
de acceso al transporte sostenible desde las universidades, como ejemplo de la
posibilidad de aplicacion de la metodologia a equipamientos urbanos. En el
momento de la redaccion de esta tesis, otros dos articulos se encuentran bajo
revision por parte de revistas cientificas indexadas en JCR. El primero incluye un
analisis complementario al caso de estudio 1 al considerar la red de autobuses
convencionales en el modelo y datos socioecondémicos mas recientes. El segundo
articulo compara valores de un indice compuesto del mejoramiento del contexto
urbano en el entorno de las estaciones de transporte masivo respecto al resto de la

ciudad.

El capitulo Il consta de dos secciones. En la seccion 7 se discuten los principales
hallazgos de la tesis en diadlogo con las preguntas de investigacion e hipoétesis. La
seccion 8 presenta un resumen de la tesis a manera de conclusién general. La
seccion 9 plantea las fortalezas y limitaciones de la investigacion. Finalmente, la
seccién 10 plantea lineas futuras de investigacién y los retos cientificos que

conllevan.

El capitulo IV incluye cuatro secciones a manera de anexos. La seccién 11
incluye un resumen de los CE con preguntas de investigacion, métodos,
indicadores, datos utilizados y hallazgos principales. La seccion 12 contiene un
resumen de la produccion académica de esta investigacion que se difundieron en

formato de publicaciones, comunicaciones y secciones de libros y la lista los cursos
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y talleres de formacién, como evidencia de la formacion doctoral. Finalmente, la

seccion 13 contiene las referencias de esta disertacion.
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Esta seccion describe aportaciones teoricas que fundamentaron los casos de

l. INTRODUCCION

estudio (CE) incluidos en esta disertacion. Primero se describe la estrecha relacion
ciudad-transporte. Después se refieren conceptos generales del transporte publico
(TP) en general y del transporte publico masivo, en lo particular. Finalmente se
describe la evolucion de conceptos vinculados a la dimension social del transporte,
como la exclusion social y la accesibilidad espacial como instrumento para

estimarla.

Ciudad y transporte

Las etapas iniciales de las ciudades industrializadas de los siglos XIX y XX dieron
lugar a la expansion de los asentamientos apoyada primero en los ferrocarriles,
después en los tranvias y, por ultimo, en los modos motorizados. Esto provoco
finalmente una desmesurada dependencia al automoévil privado que se demostro
nociva para los habitantes de las urbes. La ciudad extendida agravd las
disparidades econdmicas, sociales y espaciales al marginar a los colectivos mas

desfavorecidos y a quienes vivian en las areas periféricas.

Durante la segunda mitad del siglo XX los conceptos tedricos urbanos
evolucionaron. Fue entonces que se reconocié que la forma urbana, la actividad
econdmica, la vida en la calle y la cultura configuraban, entre otros, a las ciudades.
A principios de los 60’s, la periodista J. Jacobs (1961) publicé un libro periodistico
que trascenderia su época y revolucionaria la percepcion de la ciudad (Delclos-Alié
& Miralles, 2018; Gémez-Varo et al., 2022). La autora propuso generadores de
diversidad que facilitaran la interaccion, por ejemplo, el uso de suelo mixto
promoveria la vida en las calles a diferentes horas del dia; el disefio urbano con
bloques pequefios aumentaria la oportunidad de contacto; la cohabitacion de
edificios con diferentes grados de envejecimiento promoveria la mezcla social,
ademas de la diversidad comercial; la densidad concentraria las actividades y los
espacios de interaccion. De esta manera, la diversidad promoveria la vitalidad

urbana que requerian las ciudades.

Durante esos afios también se reconocio que el transporte facilitaba o dificultaba

el acceso a las oportunidades que ofrecia la ciudad (Hansen, 1959). Lowdon Wingo
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(1961) abordo la relacién entre el transporte y el uso de suelo desde la perspectiva

l. INTRODUCCION

del sector inmobiliario. El autor sostuvo que la relacion espacial entre las viviendas
y las oportunidades era atendida en mayor o menor medida por los sistemas de
transporte. El Informe Buchanan (Ministry of Transport (UK), 1963) expuso el
eminente incremento del uso del vehiculo privado y su impacto negativo en la
calidad de vida urbana, proponiendo un modelo viario segregado de vehiculos y
peatones. Sin embargo, la planeacion urbana no siempre considerd los
planteamientos periodisticos, académicos y gubernamentales antes expuestos. A
mediados del siglo XX muchas ciudades latinoamericanas siguieron el modelo
norteamericano de desarrollo urbano, optaron por abandonar sus centros y
apostaron por la conurbacion de la periferia. Posteriormente, Gorz (1973) vislumbré

la catastrofe que traeria la dependencia del automavil.

En los 80°s del siglo XX, surgié el paradigma del “nuevo urbanismo” como
contrapropuesta a la planeaciéon tradicional basada en el automovil privado.
Newman y Kenworthy confirmaron el crecimiento vertiginoso de la dependencia del
automovil (1999; 1989) prevista decenios antes, y aludieron al Desarrollo Orientado
al Transporte (DOT o TOD, por sus siglas en inglés) como solucion para revitalizar
las ciudades (1996). Tanto ellos como Cervero y Kockelman (1997) refirieron el
“‘nuevo urbanismo” como paradigma para vincular el medio construido con el
transporte. Los autores sostuvieron que la densidad, la diversidad y la accesibilidad
definian los desplazamientos y, en consecuencia, los sistemas de transporte que
los posibilitaban. Otro referente de esa época desde el disefio urbano fue
Montgomery (1998), quien propuso criterios de densidad, diversidad y proximidad
a través de elementos formales y funcionales que promovian la urbanidad y
vitalidad: el flujo peatonal, los atractores de personas, la variedad de usos del suelo,

la densidad de poblacién, la actividad en las calles y la economia a pequefia escala.

Al final del siglo XX la Organizacion de las Naciones Unidas (ONU), impulsando
el concepto de desarrollo sostenible, sugiere la consideracion simultanea de las
dimensiones ambiental, econdmica y social en los instrumentos de politica publica.
Los estudiosos de la ciudad de principios del siglo XXI se hicieron eco de este

paradigma. Por ejemplo, el arquitecto Rogers (1995) planteé acciones de
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planeamiento urbano para alcanzar ciudades sostenibles. En 2003, tanto Hall
(2003) como Wegener y Fuerst (2004; 2004) analizaron el ciclo de retroalimentacion
transporte-uso de suelo con base en Hansen (1959) y Lowdon (1961), adaptando
de esta manera conceptos de los desplazamientos urbanos a la dimension
econOmica del paradigma del desarrollo sostenible. En 2002, C. Miralles sefalo las
dificultades en la relacion ciudad-transporte (Miralles-Guasch, 2002).
Posteriormente, Banister identifico la importancia de los viajes con motivos
diferentes al trabajo (Banister, 2005). El autor puntualizé sobre la pertinencia de
considerar un tiempo de viaje “razonable” y no necesariamente el tiempo “minimo”.
Posteriormente, este autor atendié al disefio urbano como promotor de la caminata
a la escala barrial (Banister, 2008). En esta misma época, Bertolini et al. (2005)
propusieron la accesibilidad como herramienta para integrar la planeacion del uso

del suelo y del transporte.

En el segundo decenio del siglo XXI la producciéon académica referente a la
ciudad y el transporte prolifer6. Cordova Espafa (2010) ratific6 en México el
impacto del paradigma del automovil y la dispersién urbana en la marginacion
social. Por su parte, Hall y Tewdwr-Jones (2011) confirmaron el incremento en el
uso del vehiculo privado e insistieron en la necesidad de que el transporte publico
fuera suficientemente atractivo como para que los usuarios del primer modo
cambiaran al segundo. Higgings et al. (2014) sostuvieron que los modos de
transporte masivo, particularmente, el tren ligero (LRT, por sus siglas en inglés)
tenian un gran potencial para remodelar y revitalizar las ciudades. Por su parte,
Vuchic (2017) identificd multiples ciudades que promovian el TP y la intermodalidad
y que parecian ser mas habitables que las orientadas al vehiculo privado. En ese
decenio, tanto académicos (Castafieda Huizar et al., 2009; Haghshenas & Vaziri,
2012; Mendo-Gutiérrez, 2008) como entidades gubernamentales (UEA, 2012) y
organizaciones profesionales (Murakami et al., 2013; USGBC, 2018) disefaron

indicadores y propuestas de sostenibilidad urbana que involucraban al transporte.

En 2015, Newman y Kenworth (2015) sostuvieron que el paradigma del
automovil particular declinaria frente a modos activos, en coherencia con el

paradigma de DOT expuesto desde finales del siglo XX y consolidado, con claro-
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oscuros, en el segundo decenio del siglo XXI (Bentayou et al., 2015; Grindlay et al.,
2015; IMEPLAN, 2016a; ITDP, 2018). Por su parte, Kasraian et al. (2016)

identificaron la temporalidad del impacto del transporte en el contexto urbano en el

l. INTRODUCCION

corto, medio y largo plazo en el contexto del DOT. Bertolini (2017) afirmé la
necesidad de que las ciudades del siglo XXI se plantearan coordinadamente desde
la planeacion tanto del transporte como de la urbana. En 2018, Pelé et al. (2018)
modelaron la interrelacion entre la forma urbana y el transporte en Lyon. Al afio
siguiente, Coppola y Silvestri (2019) propusieron elementos para modificar la
eleccién hacia modos mas sostenibles en Roma. En México, Guerra et al. (2018a)
analizaron la relacion entre la forma de las ciudades y el transporte en 100 areas
urbanas del pais y encontraron que las politicas publicas analizadas seguian
promoviendo la dispersion y el paradigma del automovil privado en la planeacion
urbana. Fandio et al. (2020) también estudiaron la consideracion de la equidad en

las politicas del transporte.

Estudios tedricos y empiricos recientes confirmaron que la relaciéon entre el
sistema urbano y el transporte era bidireccional y sostuvieron que los patrones de
viaje y la localizacion de las actividades era una interaccion de doble via que definia
en gran medida la eficiencia de la ciudad y la calidad de vida de sus habitantes
(Bertolini, 2017; Guzman & Bocarejo, 2017; Miralles-Guasch, 2002). Algunos
inclusive sostuvieron que la forma de las ciudades era definida, en gran medida por
los avances del transporte (Guzman & Bocarejo, 2017; Hall & Tewdwr-Jones,
2011). Diversos autores han confirmado que las ciudades compactas, complejas y
conectadas disminuyen el uso de recursos como el suelo, los costos de operacion,
tiempos de recorrido y la energia (Chao et al., 2018; Navarro Vera & Ortufio Padilla,
2011; UEA, 2012; Xiaobin et al., 2017).

Numerosas politicas publicas en Latinoamérica ya incluyen la armonizacion de
los instrumentos de planeacion urbana con los del transporte (IMEPLAN, 2016a;
UN-Habitat, 2018; Jalisco Como Vamos & Rodriguez Rodriguez, 2019; IMCO,
2019; Gobierno del Estado de Jalisco, 2013) en coherencia con la literatura antes
mencionada. Sin embargo, se encontraron escasos estudios académicos que

estimen con métodos cuantitativos las dimensiones socioespaciales de los STPM
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en México (Mufioz et al., 2016; Ochoa Arevalo, 2011; Pfannenstein et al., 2019;
Toumi et al., 2017; Vicufa et al., 2019). Hasta ahora, el estudio del impacto de estos
sistemas en el AMG ha sido limitado (Calonge Reillo, 2016, 2017c; Calonge Reillo
& Aceves Arce, 2019; Diaz Olvera et al., 2017). De ahi la pertinencia de contribuir
a la comprension de las dimensiones socioespaciales de los STPM con métodos

cuantitativos accesibles a los organismos de planeacion municipal y metropolitana.

Los modos de transporte

Los modos de transporte pueden clasificarse con base en diferentes criterios, por
ejemplo, segun su uso, la capacidad de los vehiculos, el derecho de via por el que
transita, la permanencia de la ruta, la propulsion o la promocion a la salud, etc.
(Tabla 2). Se hace notar que los criterios de la lista no son exhaustivos, nilos limites
entre clases categoricos. Para mayor profundidad en la comprensién sistémica y
tecnoldgica de los diferentes modos de transporte, se recomienda consultar a
Vuchic (2007).

La gestidon del modo de transporte publica o privada impacta en el acceso a las
oportunidades. Los modos privados suelen ser priorizados por dotar de
independencia al usuario (Freudendal-Pedersen, 2009). Sin embargo, no suelen
ser utilizados por la mayoria de la poblacién, pues demandan recursos econémicos
para la adquisicién, el mantenimiento, el seguro y los impuestos correspondientes.
Ademas, en algunos contextos culturales la conduccion de los automoviles puede
estar condicionada al género o a la edad. En contraste, los usuarios de modos
publicos estan a disposicion de la mayoria. Aunque el acceso tampoco esta
garantizado, pues los STP han de responder a necesidades individuales o
colectivas, como la edad, el género, la condicién de incapacidad fisica o mental, la

renta, entre otras variables urbanas y culturales propias de contextos particulares.
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Tabla 2

Modos de transporte urbana y su clasificacion

Modo Uso Derecho de via Ruta Propulsion Salud Capacidad
Pdblico Privado Segregado Mixto Flexible Motorizado Activo Individual Colectivo
Masivo
Si  NO Si NO Si NO
Caminata v v v v v v v
Bicicleta v v v v v v v v v
Motocicleta 4 v v v v v
Patinetes v v v v v v v v v
Automovil 4 v v v v v
Taxi 4 v v v v v
Autobus 4 v v v v v
Trolebas v v v v v v v
BRT!? v v v v v v v
LRT? v v v v v v v
Metro v v v v v v

1 Autobus articulado de alta capacidad o Bus Rapid Transit. Se utiliza el acréonimo del término anglosajén para una mayor

claridad; 2 Tren Ligero o Light Rail Transit. Se utiliza el acrénimo del término anglosajon para una mayor claridad.
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El derecho de via es una estrategia tradicional para mejorar la velocidad del
trayecto a pesar de impactar en el aprovechamiento de la capacidad el carril (Rau
et al., 2019). Es comun encontrar que la bicicleta y el transporte publico compartan
la misma via. También hay ocasiones en que la segregacion del carril no es fisica
y puede variar en funcion de las horas punta. Los carriles segregados suelen

aplicarse al transporte publico, por lo que favorece a sus usuarios.

La ruta de los modos puede ser flexible o fija. La mayoria de los modos
individuales permiten rutas flexibles. Las rutas de autobls suelen estar definidas,
aunque pueden ser flexibles en ciertos momentos o zonas de la ciudad. En

contraste, los STPM dan servicio con rutas definidas e invariables.

Los combustibles que se utilizan para propulsar los modos de transporte
impactan de manera definitiva en la calidad del aire. Los modos no motorizados
contribuyen notablemente a la mejora de la calidad del aire y suelen ser promovidos
con intervenciones urbanas (Bautista-Hernandez, 2021). Los STPM suelen utilizar

motores eléctricos, por lo que se les considera amigables con el medio ambiente.

Algunos modos de transporte se consideran activos, pues implican un esfuerzo
fisico al desplazarse. Los modos reconocidos tradicionalmente como promotores
de la salud son la caminata y la bicicleta (Chillén et al., 2011; Rodrigues et al., 2020;
Rojas-Rueda, 2021). Sin embargo, algunos autores también consideran a los
transportes colectivo y masivo como activos, ya que demandan la caminata para
llegar a paradas y estaciones por lo que asi aportan beneficios a la salud (Brown &
Werner, 2008; Huang et al., 2017; Mageau-Béland & Morency, 2021; H. J. Miller
et al., 2015; Morency et al., 2011; Xiao et al., 2019).

La capacidad de los vehiculos impacta en la eficiencia del espacio. Es
reconocido que los transportes colectivo y masivo ocupan el espacio publico de una
manera mucho mas eficiente que los automéviles y los taxis, cuando se compara
el numero de pasajeros transportados por hora en carril de 3,5 m (Vuchic, 2007).

Naturalmente, la capacidad de los sistemas de transporte publico masivo (STPM)
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como metros, trenes ligeros (LRT), autobuses articulados (BRT) facilitan el acceso

a oportunidades a un mayor niumero de personas que los transportes individuales.

Desde la perspectiva de los criterios de la Tabla 2, en el area de estudio de esta
tesis, los modos de transporte tienen las siguientes caracteristicas: en relacién con
el derecho de via, en el AMG se observa un incremento en el nimero de kildbmetros
de ciclovias segregadas (ITDP, Institute for Transportation and Development Policy.
Mexico et al., 2020, 2021), ademas de las destinadas para tren ligero (LRT, por sus
siglas en inglés) y autobus articulado (BRT, por sus siglas en inglés). Los autobuses
suelen compartir la via con automdviles particulares y taxis en la metrépoli.
Respecto a la flexibilidad de las rutas, el transporte colectivo suele modificar las
rutas de la periferia de la metropoli, mientras que el derrotero es estable en las
zonas centrales de la metrépoli. En general, la propulsiébn motorizada aporta la
mayor parte del reparto modal. El vehiculo privado es considerado la principal
fuente de contaminacion del aire en las areas urbanas y particularmente en el AMG
(El Informador, 2019; Instituto Nacional de Ecologia y Cambio Climético, 2020). A
pesar de que este modo aporta Unicamente un cuarto del reparto modal, esta area
es la que mayor el indice de motorizacion presenta entre 25 metrépolis
latinoamericanas monitoreadas por el CAF, esto es, 329.7 vehiculos por 1,000
habitante (CAF, 2007). A pesar de su probada eficiencia y alto costo de
construccion y operacion con recursos publicos, la aportacion de los modos
masivos frente a los modos colectivos es marginal en el AMG, esto es, 3% y 33%,
respectivamente. Los modos individuales son los que mas aportan al reparto modal,
principalmente el no motorizado y, en menor proporcion, el vehiculo individual, con
40% y 24% respectivamente. Los CE de esta disertaciéon consideraron vehiculos

individuales, colectivos y masivos.

La inclusion de los modos en cada caso se definid en funcién de la pregunta de
investigacion y de la disponibilidad de los datos en acceso abierto. Los tres CE
incluidos en esta tesis analizaron modos de transporte publico, particularmente,

BRT, LRT, autobuses y bicicleta. El analisis no considero el criterio del derecho de
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via, dado que los calculos se refirieron al potencial de acceso a las redes de
transporte publico y no a los trayectos dentro de éstas. Los CE 1y 3 consideraron
las paradas/estaciones de modos con rutas flexibles y fijas: bicicleta publica,
autobuses convencionales, BRT y LRT. En general, fueron consideraron tanto
modos de transporte no motorizados como motorizados: la bicicleta, los autobuses
convencionales, el BRT y el LRT. En cuanto al criterio relativo a la aportacion a la
salud, los tres CE de este documento incluyeron modos activos: sistema de
bicicletas publicas, autobuses convencionales, BRT y LRT.

Los STPM se asocian al crecimiento urbano en las etapas iniciales de las
ciudades industrializadas de los siglos XIX y XX (Giuntini et al., 2004; P. Newman
& Kenworthy, 2006, 2015) y, con algunos cambios, siguen presentes en las
ciudades de principios del XXI (Banister, 2005; Bentayou et al., 2015; IMEPLAN,
2015). El metro es un sistema de tren urbano de alta capacidad y frecuencia que
funciona en vias segregadas, generalmente subterraneas. Los LRT son sistemas
guiados de ferrocarril urbano que pueden operar compartiendo espacio con otros
modos (UITP, 2019b) en superficie, aéreos o subterrdneos. Los LRT han sido
reconocidos como catalizadores de la renovacién y vitalidad urbana (Bertolini, 2017;
Grindlay et al., 2021; Vuchic, 2017). En 2018, habia mas de 389 trenes ligeros
funcionando en el planeta y la tendencia parecia ir en aumento, principalmente en
Europa (UITP, 2019a), mientras que la predisposicién para implementar nuevos
proyectos no parecia ir a la alza en América Latina (UITP, 2019b) y su uso seguia

siendo marginal en este continente.

Los BRT son sistemas basados en autobuses de alta y media capacidad que
ofrecen servicio de alta calidad, originalmente desarrollados como alternativa mas
econdmica a los metros y metros ligeros. Normalmente utiliza carriles segregados,
aungue en algunos ambitos opera en carriles exclusivos, a contraflujo o, inclusive
mezclados con el trafico (Grindlay Moreno et al.,, 2012). Este sistema ocupa
deliberadamente el espacio que antes utilizaban los automoviles y desde su disefio

se ha incluido la planeacion urbana en su entorno. A partir de su primer desarrollo
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en Curitiba en los setenta, de acuerdo con Global BRT Data (2021), 191 ciudades
han optado por BRT para resolver su movilidad en 2021. Esa misma fuente indica
que, en 2021, Santiago de Chile, Bogoté, Sao Paolo, Ciudad de México, Monterrey,
Ledn y Guadalajara son las principales metrépolis latinoamericanas que lo utilizan.
Ambos modos incluyen el prepago y suelen estar conectados con lineas
alimentadoras de menor capacidad servidas por autobuses y minibuses
convencionales. Al inicio de esta investigacion operaban en el AMG dos lineas de
LRT y una de BRT. Actualmente se ha concretado el esfuerzo gubernamental de
promocién del TP y la movilidad sostenible afiadiendo una linea mas de LRT y otra
de BRT.

La opinidn sobre la pertinencia para implementar BRT o LRT es diversa. Por un
lado, algunos autores han documentado mdultiples ventajas del BRT, siendo el
menor costo en la construccion del BRT el argumento mas recurrente (Munoz &
Paget-Seekins, 2016; Mufioz et al., 2016; Venter et al., 2018). De acuerdo con
Lindau et al. (2016) y Cordova Espafia (2010), si los BRT son gestionados
adecuadamente, pueden ofrecer capacidad y velocidad de crucero semejante al
LRT con un menor costo de construccidn, operacion y renovacion tecnologica. En
contraste, Hensher et al. (2016) sostienen que la percepcién de servicio y disefio
del tren ligero es mas favorable que la del BRT. Vuchic (2017) y Higgins et al. (2014)
sostienen que el LRT reduce el trafico, mejora la calidad del medio ambiente y
reduce los gases de efecto invernadero, ademas de modificar y revitalizar las
ciudades. Asimismo, Ferbrache y Knowles (2017), destacan su elevada capacidad
de generacion de espacios y de dinamizacion urbana. Las ventajas de limpieza,
silencio y eficiencia espacial han puesto en valor el tren ligero, a pesar de sus altos
costos de operacion y renovacion tecnologica (UITP, 2019b). Aunque Heilmann
(2018) cuestiono los beneficios del LRT, frente a evidencias de gentrificacion en el
caso de Dallas, un contexto de alta dependencia del automovil. Por otro lado,
Cordova Espafia (2010) no se pronuncié a favor de uno u otro sistema sino que

sostuvo que las diversas tecnologias tenian validez, siempre que se implementaran
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en el momento correcto y con un paradigma de integracion fisica, operativa y

tarifaria.

Aunque el planteamiento original de los CE de esta tesis consideraba
Gnicamente los STPM, los resultados de los modelos no fueron representativos de
las dimensiones socioespaciales, dada la baja aportacion de estos modos al reparto
modal en el AMG. En consecuencia, se integraron otros modos para responder las
preguntas de investigacion planteadas. Asi pues, se consideraron los modos
publicos y privados; individuales y colectivos; segregados y mixtos; flexibles vy fijos;

no motorizados y motorizados; y activos (Tabla 3).

Tabla 3

Modos considerados en los casos de estudio de esta investigacion

Modo Caso
1 2 3
Caminata v
Bicicleta v v
Autobus v
Trolebus v v
BRT v v v
LRT v v

Integracion de la planificacion del transporte y la urbana:
Desarrollo orientado al transporte (DOT)

El DOT es una estrategia de planeacion promovida a partir de finales del siglo
XX para integrar el desarrollo urbano y las estaciones y corredores de los STPM,
particularmente, el cambio de uso de suelo. La estrategia parte del principio de que
las condiciones fisicas y sociales en las estaciones y sus ambitos de proximidad
son determinantes en el cambio de uso de suelo (Knowles et al., 2020). Si las

caracteristicas de actividades, seguridad, equipamiento u otros elementos fisicos
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son atractivas para los desarrolladores y los posibles habitantes, sera mas facil que
se produzca un cambio. Este paradigma promueve el desarrollo y/o la renovacion
del entorno de las estaciones y la mejora de calles y aceras a lo largo del STPM,
intentando armonizar el desarrollo urbano y el del transporte (Bertolini et al., 2005;
Cervero et al., 2002; Filion & McSpurren, 2007; Hall & Tewdwr-Jones, 2011;
Williams, 2017).

Desde inicios del siglo XX el DOT se ha implementado en ambitos de diversas
latitudes a través de planes de zonificacion, financiamiento, estacionamientos,
vialidades restringidas al automdévil, densificacion, entre otros. En general,
promueve la coordinacion entre las autoridades dedicadas a la planeacion urbana
y las del transporte desde el inicio del proyecto de TPM hasta su puesta en marcha
y operacion (Ashri Prawesthi & Yola, 2022; Bentayou et al., 2015; Campos-Sanchez
et al., 2019, p.; Furlan, 2017; Higgins et al., 2014; Huang et al., 2017; Ibraeva et al.,
2020; ITDP, 2013, 2015, 2018; Quintero-Gonzalez & Quintero-Gonzalez, 2019; Yu
et al.,, 2022). En general, se han documentado los beneficios del DOT como la
mejora de calidad del aire y en la vivienda, asi como el decrecimiento de viajes en
automovil y menos viajes/km/vehiculo privado (Cervero & Kockelman, 1997;
Knowles et al., 2020; Zhou et al., 2019).

En contraste, Heilmann (2018) sostuvo que los efectos de los STPM son
heterogéneos desde el punto de vista social y varian en funciébn de las
caracteristicas originales de los barrios en donde se implementa el DOT. Este
investigador mencioné6 que provoca gentrificacion en el citado ambito
norteamericano. También Guthrie (2018) puso en evidencia que la equidad social
ha sido poco atendida en los proyectos de TOD. En este contexto, la gentrificacion
a lo largo del corredor es un efecto de conveniencia de los estratos pobres que
estan dispuestos a afrontar mayores tiempos de traslado en el transporte masivo
frente al incremento de alquiler en sus barrios originales. Para evitarlos, es

necesario que la implementacion de STPM venga acompafiada de politicas y
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planes de desarrollo social que conduzcan los efectos positivos y negativos del
TOD producidos por el STPM.

Las dimensiones sociales y espaciales del transporte publico

Las dimensiones sociales y espaciales del transporte publico se refieren a la
consideracion de las necesidades y caracteristicas socioecondmicas y culturales
de individuos y colectivos especificos para facilitar el acceso a las oportunidades
(Hine & Mitchell, 2003; Kamruzzaman et al., 2016; Kenyon et al., 2002; Lizarraga
et al.,, 2020; Preston & Rajé, 2007). En esta tesis, el andlisis de las dimensiones
socioespaciales comprende la estimacidn cuantitativa del potencial de acceso fisico
a las paradas o estaciones del STPM, considerando las caracteristicas

socioecondmicas de los usuarios del transporte.

La dimension social del transporte fue estudiada formalmente en las dltimas
décadas del siglo XX. En los 70’s, Wachs y Kimagai (1973) propusieron que se
considerara el aspecto social en la medicion del impacto del transporte,
oponiéndose a los métodos con perspectiva Unicamente técnica y econdmica. En
esa época King (1978; 1983) publicé analisis empiricos sobre la dimensién social
del transporte. Estas aportaciones trascendieron el &mbito académico, dando lugar
a que las politicas de planeacion del transporte integraran paulatinamente

conceptos de inclusién social en los 90’s.

A principios del siglo XXI se incremento6 el nUmero de propuestas académicas y
gubernamentales que integraban explicitamente la dimension social en el estudio
de la relacién ciudad-transporte. Litman (2002) y Kenyon (2002) utilizaron el término
de exclusion social por transporte y el de inequidad del transporte, trascendiendo
de esta manera a académicos contemporaneos, como Bhatta y Drennan (2003),
quienes aun referian los asuntos sociales como un retorno social de la inversion
bajo la 6ptica tradicional de la economia. En 2003 se cred la Unidad de Exclusion
Social en Reino Unido, referente como instrumento de politica publica para
disminuir la exclusion social, en general, y por transporte, en particular (SEU, 2001,

2003). Hine y Mitchell (2003) realizaron analisis empiricos que pretendian
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comprender la relacion entre la desventaja del transporte y la exclusion social en
esa region. Preston y Rajé (2007) propusieron un método para detallar el analisis
social y espacial del transporte, desde la perspectiva de las politicas publicas en el
Reino Unido. En Latinoameérica, Avellaneda (2007) estudio la exclusion social por
transporte en Lima, en donde la caracteristicas socioeconémicas de la mayoria de
los habitantes impedian el pleno acceso al sistema de transporte publico. En 2009
y afos posteriores, Currie et al. (2009, 2010; 2011a, 2011b; 2010; 2015) estudiaron
ampliamente la exclusion social y las desventajas del transporte en Australia,

aportando metodologias probadas empiricamente.

En 2015, la ONU renovo su politica de desarrollo urbano y declaré los objetivos
de desarrollo sostenible (ODS) que confirmaban la estrecha relacion del binomio
ciudad-transporte. EI ODS 11 buscara que el disefio e implementacién de sistemas
de transporte consideraran las necesidades de colectivos en desventaja, como
mujeres, jovenes 0 personas con discapacidad y en pobreza, garantizando el
acceso a las oportunidades sociales, econémicas y culturales de sus ciudades (UN-
Habitat, 2021). Ademas, el ODS 13 promovera la eficiencia de los desplazamientos
para mejorar la calidad del aire. A partir de entonces, gran parte de la reflexion

académica se ha alineado con el paradigma de los ODS

A partir del segundo decenio del siglo XXI se incrementd la investigacion relativa
a la dimension social del transporte. Lucas et al. (2012; 2018; 2015) publicaron
varios estudios sobre la exclusién social relativa al transporte (ESRT), asi como sus
vinculos con la desventaja y la pobreza del transporte, conceptos que se explicaran
mas adelante. Estudiosos de las dimensiones socioespaciales del transporte en
Latinoamérica encontraron evidencia de altos porcentajes de inequidad que éste
provoca (Arellana et al., 2020; Bocarejo & Urrego, 2020; Bocarejo S. & Oviedo H.,
2012; Guzman, 2018; Guzman et al., 2015, 2017, 2021; Guzman & Bocarejo, 2017;
Guzman & Oviedo, 2018; Rosas-Satizabal et al., 2020; Vecchio, Castillo, et al.,
2020; Vecchio, Porreca, etal., 2020; Vecchio, Tiznado-Aitken, etal., 2020).
Montejano et al. (2018) confirmaron la segregacion socioecondémica derivada del
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paradigma del automovil que prevalecié en México entre 1990 y 2010. Guerra el al.
(2018a) estudiaron la relacion entre la forma urbana, la oferta del TP y la eleccion
del modo en 100 ciudades mexicanas y concluyeron que las politicas publicas
recientes incrementan, en lugar de reducir, la conduccion y la congestion, la
contaminacion en el pais. En el AMG se analizaron las dimensiones
socioespaciales del transporte con un énfasis sociologico (Calonge Reillo, 2016,
2017b, 2017c, 2018a; Calonge Reillo & Aceves Arce, 2019; Calonge-Reillo, 2021;
Colmenero-Fonseca et al., 2021). Ademas, Diaz Olvera et al. (2017) encontraron
que el acceso a las oportunidades estaba mas vinculado al ingreso que a la

localizacion de las viviendas en esa metrépoli.

De acuerdo con Hidayati et al. (2021), en los ultimos cincuenta afios, la ESRT
se analiz6 desde cuatro enfoques que en ocasiones se combinaron. Primero, las
ciencias del transporte midieron la exclusion con métodos técnico-funcionales,
utilizando variables como tiempo de viaje, distancia, patron espacial o modo.
Segundo, la investigacion socioldgica aplicé estilos narrativos. Tercero, los estudios
de planificacibn o geograficos utilizaron técnicas espaciales, generalmente
cualitativas. Y cuarto, los estudios interdisciplinarios que incluyeron dos o mas
disciplinas y son menos abundantes que la perspectiva monodisciplinaria. Los CE
de esta tesis se abordaron desde una perspectiva geografica, con método
cuantitativo, planteando y analizando el problema desde la transdisciplina entre

geografia, economia e ingenieria.

La literatura refiere cinco conceptos interrelacionados y con limites difusos que
permiten comprender las dimensiones socioespaciales del transporte: necesidades
sociales del transporte (NST), desventaja del transporte, pobreza en el transporte,
inequidad en el transporte y ESRT (Figura 2). Las NST son los requerimientos de
desplazamientos determinados por caracteristicas socioecondémicas y culturales.
La desventaja del transporte se refiere a situaciones que causan dificultades para
acceder al transporte, ya sea por las caracteristicas de la red o por los “desiertos

de transporte”. Estos “desiertos de transporte” son zonas en donde no hay servicio
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de transporte que atienda a las NST (Cai et al., 2020). La pobreza del transporte
sugiere dificultades para pagar el transporte publico urbano (TP). La inequidad en
el transporte estima las diferencias entre el potencial para cumplir con NST entre
individuos o grupos (Litman, 2002). La ESRT es el acceso limitado a las
oportunidades que ofrece la ciudad debido a la desventaja del transporte, la
pobreza del transporte o la inequidad del transporte. Dadas estas definiciones, se
deduce que las NST, la inequidad en el transporte, la desventaja en el transporte y
la pobreza en el transporte son causas y efectos entrelazados de ESRT (Schwanen
et al., 2015) (Figura 2).

La equidad en el transporte compara la atencion a las NST de una poblaciéon en
su conjunto o de colectivos en particular. El andlisis de la inequidad del transporte
fue planteado por Litman (2002) quien propuso dos clases: horizontal y vertical. La
equidad horizontal parte del principio de que las personas deben ser tratadas por
igual y compara un servicio entre todos los grupos de la poblacién. La equidad
vertical asume que la sociedad debe brindar un apoyo adicional a los grupos
vulnerables o desfavorecidos y que deben tener una mejor calidad o cantidad de
TP. La equidad vertical evalla el servicio para grupos con caracteristicas
socioeconémicas particulares, por ejemplo, renta, edad o género (Delbosc & Currie,
2011b; Litman, 2002).

La inequidad del transporte no esta necesariamente vinculada con la inexistencia
de infraestructura de TP o la calidad del servicio, ya que puede cambiar en funcion
de las condiciones espaciales, como la distancia a las estaciones/paradas o la
calidad de la marcha (Talavera Garcia et al., 2018; Talavera-Garcia & Valenzuela-
Montes, 2018); de factores economicos, por ejemplo, el acceso a un automovil
privado; o de contextos culturales, p. ej. la prohibicion social o legal para que las

mujeres tengan una licencia de conducir.
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Figura 2. Causas y efectos de exclusion social relativa al transporte.
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La inequidad puede presentarse en diversos contextos. Por ejemplo, la
inequidad para acceder al automovil privado se presenta, sobre todo, en funcion de
la edad, la renta u otras caracteristicas personales o sociales. Aunque el automovil
privado también entrafia costos, suele ser considerado mas atractivo que el
transporte publico, especialmente por la sensacion de libertad para elegir diferentes
destinos o para cambiar de ruta cuantas veces se desee (Freudendal-Pedersen,
2009). Las grandes inversiones en infraestructura para el automaovil también son
fuente de inequidad, tanto respecto al uso del espacio publico, como de la
aplicacion de recursos publicos en beneficio de una minoria. El impacto es mayor

en paises con grandes indices de desigualdad como los latinoamericanos.

Otro elemento de inequidad son los costos que los hogares destinan al transporte
en funcidén de su renta. En algunas ciudades latinoamericanas, como Bogot4, el
gasto en movilidad alcanza hasta el 17% del ingreso para los estratos econémicos
mas desfavorecidos (Bocarejo & Urrego, 2020). Esto es alun méas sensible en el
AMG, en donde los hogares con menos ingresos destinan hasta 35% del ingreso
(Diaz Olvera et al., 2017).

El transporte también juega un papel importante en la inequidad relativa a la
salud. La mala calidad de las vialidades y la informalidad de los modos de transporte
que suelen dar servicio a las areas en donde habitan los estratos socioeconémicos
mas bajos, incrementan la posibilidad de sufrir accidentes para quienes habitan
esas areas (Boutueil etal., 2020; Goldwyn & Vergel-Tovar, s.f.; Lesteven &
Boutueil, 2018). En este sentido, la formalizacion e integracion del transporte
publico masivo en areas de bajos recursos podria disminuir la inequidad en relacion
a la salud (Bocarejo & Urrego, 2020). Privilegiar al automdévil, también afecta el
consumo energético y las emisiones de CO:2 por pasajero. En distancias menores
a 10 kilbmetros, el vehiculo privado emite el doble de emisiones y consume el doble
gue el autobus y cinco veces mas, en general, que los vehiculos eléctricos como el

metro y LRT (Commission of the European Communities, 2001). La contaminacién
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emitida por los automoviles afecta a todos los habitantes de la ciudad en su conjunto

y no Unicamente a quienes utilizan este modo poco sostenible.

Otra fuente de inequidad se refiere a la distribucion espacial del transporte. Las
distancias y el congestionamiento dificultan la llegada de quienes viven en la
periferia 0 alejados de los centros de trabajo. En ciudades dispersas, esta inequidad
suele afectar tanto a estratos socioecondmicos altos como a bajos (Bocarejo &
Urrego, 2020). En este aspecto, la puesta en marcha de STPM que vincule hogares
con trabajos es efectiva para disminuir la inequidad relativa tanto a la salud como a
la distribucidén espacial, pues mejora la calidad del aire y los tiempos para acceder

a oportunidades.

Los CE de esta tesis analizaron la ESRT y la inequidad del transporte utilizando
la accesibilidad espacial como indicador. Los CE 1 y 3 de esta tesis analizaron la
inequidad del transporte tanto en el ambito metropolitano, como en un colectivo en

particular, las comunidades universitarias del AMG.

Accesibilidad

La dimension espacial del transporte puede estudiarse desde la perspectiva de la
accesibilidad, entendiéndola como la facilidad con la que se llega a oportunidades
sociales, econdmicas o culturales, tanto desde la perspectiva espacial como desde
las NST de quienes requieren acceder a ellas, asi como su pertinencia (Lucas et al.,
2019).

La accesibilidad ha sido utilizada tanto para medir fendbmenos, como para guiar
propésitos de instrumentos o politicas publicas, generalmente vinculadas a la
regulacion del uso de suelo (Levine, 2020). En los 20’s del siglo XX se propuso el
concepto como indicador para prescribir zonificacion urbana, es decir, con fines
normativos. En 1959, Hansen (1959) defini6 la accesibilidad como el potencial de
oportunidades de interaccién y sostuvo que ese acceso definia, en gran medida, el
uso del suelo en las ciudades. Los avances informaticos de mediados del siglo XX

facilitaron la medicion de la accesibilidad con fundamentos matematicos. Los
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Sistemas de Informacion Geografica (SIG) permitieron aplicar el concepto de
accesibilidad a la planeacion urbana como una relacion topolégica que media la

eficiencia de la red (Kansky, 1963).

En los 70’s se presentd un punto de inflexion en la concepcion de la
accesibilidad. Hasta entonces, el impacto del transporte era estimado con
indicadores de volumen y tiempos de viaje. Wachs and Kimagai (1973) propusieron
un cambio de paradigma para medir el impacto del transporte y disefiaron un
indicador social vinculado a la accesibilidad fisica. En este contexto, definieron la
accesibilidad como la facilidad con la que los ciudadanos llegaban a diversas
oportunidades de empleo y de servicios. Desde finales del siglo XX, Cervero (1997)
referia a la accesibilidad como una estrategia de planeacion: gestion de uso de
suelo, avances en telecomunicacion para gestion de transporte bajo demanda (p.

ej. el actual Uber) y transportes publicos y no motorizados a escala “comunitaria”.

A principios del siglo XXI, Kenyon et al. (2002) relacionaron las restricciones de
movilidad con el acceso a las oportunidades y la consecuente exclusién social.
Bertolini et al. (2005) definieron la accesibilidad como el qué y el cdmo se puede
alcanzar un punto especifico en el espacio. Y Molero Melgarejo et al. (2012; 2007)
definieron la accesibilidad desde una perspectiva espacial, como “el factor de
interaccién del territorio donde las relaciones entre dos puntos aumentan en funcion
de la disminucion del coste de desplazamiento entre ellos”. Estos autores
sostuvieron que la proximidad no estaba relacionada Unicamente con la distancia,

sino también con la conectividad.

En 2012, Litman (2012) propuso la evaluacién de la accesibilidad como
herramienta para la planeacion urbana. Lucas et al. (2016) propusieron un método
para evaluar la igualdad en la accesibilidad y Talavera et al. (2018) refirieron el
concepto de “calidad de la distancia de caminata” y sostuvieron que las condiciones
del espacio por el que se transita determinan fuertemente la eleccion del modo de
transporte. Lo anterior también fue explorado por Calonge-Reillo (2021) quien
analizé la influencia de la percepcion de seguridad en la eleccion del modo,
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particularmente en municipios del area de estudio de esta disertacion. Pucci et al.
(2019) sostuvieron que la accesibilidad esta determinada por las caracteristicas de
tres aspectos: (a) las caracteristicas intrinsecas de la infraestructura de transporte,
como tarifas, tiempo de viaje, horarios, frecuencia, capacidad, distribucion espacial
de las paradas y estaciones, entre otros; (b) el entorno fisico que posibilita el
desplazamiento y la distribucidn espacial de las oportunidades; y (c) los factores
individuales, como condiciones fisicas, motrices, sociales, culturales y econémicas.
Los CE de esta disertacion consideraron el primero y el tercer aspecto de la

accesibilidad referidos.

En las Ultimas décadas se han planteado modelos urbanos vinculados a la
accesibilidad como el Nuevo Urbanismo que plantea que los problemas sociales y
urbanos se pueden resolver con intervenciones fisicas, el DOT, el desarrollo de
espacios vacios, la conectividad vial o las ciudades inteligentes (Verma et al.,
2019), vinculadas con las tecnologias de la informacién y la comunicacion (Cervero
et al.,, 2002; Knowles et al., 2020). Recientemente, el ITDP (2020) sostuvo que la
accesibilidad era la oportunidad para medir la conexién y la distancia, pero, sobre
todo, la manera como se puede llegar a muchos sitios a través del transporte.
Desde esta perspectiva, la accesibilidad esta vinculada al concepto de “ciudades
compactas”, ya consideradas respecto a la movilidad en el siglo XX y ampliamente
difundido en los afos recientes, como aquellas cuya configuracién espacial reduce
la demanda y distancia de los desplazamientos y contribuyen a la movilidad

sostenible.

En Latinoamérica, Jaramillo et al. (Jaramillo etal., 2012) vincularon la
accesibilidad a los derechos humanos como la vivienda, salud, educacion, trabajo
y, en general, a la libertad de los individuos para participar en actividades de su
entrono; Oviedo y Guzman (2020) sostuvieron que la accesibilidad es una manera
de ejercer el “Derecho a la Ciudad”, expresado por Lefebvre en los 70’s, es decir,
un requisito para garantizar la posibilidad individual de participar en actividades
socioculturales y, por ende, de acceder a oportunidades en un contexto de igualdad.
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Estos autores reconocieron, como elementos de la accesibilidad, el
desplazamiento, la existencia de destinos y su pertinencia, y afiadieron otros tres:
la preservacion del medio ambiente, la estructura espacial y la posicion social de

los usuarios del transporte.

Se han disefiado una gran variedad de métodos para medir la accesibilidad
(Manout et al., 2018). La Figura 3 muestra los mas comunes, de acuerdo con Wu
y Levinson (2020). Su aplicaciébn depende, fundamentalmente, del objetivo del
estudio y de los datos disponibles. Todos los métodos pueden conservar los
umbrales de “costos” constantes y medir el niumero de oportunidades alcanzables
en estos rangos, o bien, mantener un niumero de oportunidades constantes y medir
el “costo” para alcanzarlas, definidos estos como método primal y dual,

respectivamente. Los autores propusieron cuatro clases generales:

e Topologia. Los métodos topoldgicos se fundamentan en la Teoria de
Grafos que permite modelar fendmenos reales mediante nodos y lineas.
El modelo simula la relacion de vecindad entre los nodos y las lineas, que
suelen representar la vinculacién entre la red vial y los origenes/destinos.
Algunas variantes son relativamente simples, como la cuantificaciéon de
nodos en la red (tamafio de la red), la ponderacién de los nodos en funcién
de las lineas que llegan a él (Grado nodal o matriz de accesibilidad total),
la relacién entre nodos y lineas (adyacencia) o la cuantificacion del

namero de segmentos rectos a cruzar (sintaxis espacial), entre otros.

e Acumulacién. Disefiado originalmente por Hansen (1959). Utilizan los
fundamentos topolégicos y afiaden elementos mas complejos. Los
métodos cuantifican el nUmero de oportunidades que se pueden alcanzar
en una funcion de impedancia. Usualmente se considera al tiempo, la
distancia o el dinero como resistencia al desplazamiento, aunque en
teoria, es posible considerar otras variables fisicas como la superficie o
ancho de banqueta, alumbrado publico, sombra o, inclusive, variables de

percepcion, como inseguridad o vitalidad urbana, entre otros. Kelobonye
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et al. (2019) lo explican como la suma de las oportunidades que pueden
alcanzarse en un umbral de tiempo definido. Los mismos autores
sostienen que la dificultad del método es encontrar el umbral. Sin
embargo, hay diversos estandares y produccion académica que permite
definirlo, bajo ciertas hipotesis. Stepniak (2019) menciona que se
comportan bien con rangos entre 5 y 15 minutos. La aplicacion de este
método es relativamente sencilla y se utliza con frecuencia en
documentos académicos (Barboza etal.,, 2021). Estos poseen dos

variantes:

o Gravitacional. Consiste en ponderar la impedancia del tiempo
o distancia de viaje. Esto implica un sistema de ponderacion
que, dada la complejidad de las variables que componen la
impedancia, suele ser dificil de interpretar. Ademas, es muy
sensible a la ponderacion. Esta de acuerdo con la primera ley
de Geografia, conocida como Ley de Tobler, segun la cual
“todas las cosas estan relacionadas entre si, pero las mas

cercanas tienen mas relacion que las lejanas”.

o Ponderacion. Permite ponderar las oportunidades de acuerdo
con diversos criterios. Por ejemplo, si se refiere a estaciones o
paradas, el peso de la estacion del metro seria mayor que la
parada de un autobus, valorandose asi la capacidad de los

vehiculos.

Utilidad. También conocida como basado en el usuario (Kelobonye et al.,
2019). Se fundamentan en la teoria del comportamiento de viaje que
asume que cada individuo, independientemente de su area geogréfica,
decide a donde viajar, por lo que no cuantifican el numero total de
oportunidades, sino que miden una “utilidad neta” por viaje, que es funcion
de la preferencia por cada sitio disminuida por el “costo” del viaje. Utiliza

la topologia para calcular el costo.
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e Rango del lugar. Consideran el potencial tedrico de atraccion de cada
lugar. Es decir, la cantidad de viajes que podrian generar de acuerdo con

encuestas de origen-destino.

Localizacion

« Acumulativo
<+*Gravedad
“+Ponderacion

Infraestructura
« Nivel de Personas
servicio

Costos y beneficios

Figura 3. Clases de métodos para estimar la accesibilidad.

Fuente propia, con base en Wu y Levinson (2020).

Para una explicacion exhaustiva de los analisis empiricos de accesibilidad, se
recomiendan revisiones de literatura reciente. Levinson y Wu (2020), antes
mencionados, quienes analizaron criticamente los enfoques de medicion del
acceso. Hidayati et al. (2021) estimaron 5 décadas de articulos académicos sobre
desigualdades de movilidad e identificaron estudios limitados en paises de bajos
ingresos. Vecchio et al. (2020) revisaron estudios empiricos de América Latina e

identificaron indicadores referidos en la literatura, ademas de identificar las
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implicaciones presentes y futuras de los hallazgos analizados en las politicas de

planeacion del transporte.

El primer caso de estudio de esta disertacion utilizé el método de acumulacion
con la simplificacion gravitacional al considerar el tiempo de caminata como
resistencia al desplazamiento. El analisis de componentes principales permitio
ponderar las variables sociales. El tercer caso utilizé la acumulacion con
ponderacion, sumando las paradas/estaciones dentro de los umbrales de tiempo
definidos para cada modo. Ademés, se aplic6 el método del grado nodal al
contabilizar el nimero de lineas que llegaban a cada estacion/parada y ponderarlas
con analisis de componentes principales, tal y como se explicara en el siguiente

capitulo.
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En una tesis por compendio de publicaciones es pertinente presentar una
perspectiva general de la metodologia utilizada en los andlisis particulares.
Puesto que los detalles metodoldgicos se incluyen en cada articulo, esta seccion
describe las similitudes y diferencias entre ellos a manera de meta-metodologia.
De este modo se deduce un método replicable a partir de etapas metodolégicas
comunes a los casos estudiados, de manera que los indices empleados puedan
aplicarse a otros modos de transporte, equipamientos y/o ambitos

metropolitanos.

La metodologia atendid a la replicabilidad en contextos con habilidades
técnicas restringidas y recursos financieros limitados, situacion usual en
metropolis latinoamericanas, particularmente las mexicanas. Las etapas

metodoldgicas fueron:
1. Construccion del fundamento tedrico
2. Definicion de hipotesis y objetivos particulares
3. Disefio de indices
4. Calculo de indices
5. Analisis de resultados

6. Discusién de resultados y generacién de conclusiones

Construccion del fundamento tedérico

Las diferentes fuentes y herramientas para construir los marcos teoricos se
muestran en la Figura 4. La retroalimentacion de expertos en seminarios y
congresos orientaron la revision de la literatura en un proceso iterativo. En
ambos espacios de reflexion se identificaron los conceptos relevantes para cada

caso de estudio.
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Figura 4. Construccion del marco teérico de casos de estudio
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La literatura se reviso con la ayuda de bases de datos, buscadores y redes
sociales académicas. Las bases de datos Web of Science y Scopus fueron
consultadas para la produccion académica en inglés y la Dialnet Plus para
referencias en espariol. Con lo anterior se identificaron publicaciones relevantes

para cada caso.

Posteriormente se utilizé el buscador Google Scholar con la técnica de bola
de nieve que permiti6 identificar los autores principales y sus articulos recientes.
Ademas de la produccion académica, se consultaron numerosos informes
gubernamentales, tanto de orden global (ONU-habitat, Organizacién Mundial de
la Salud), como internacional (Comision Econdémica para América Latina y el
Caribe, Agencia del Medio Ambiente de los Estados Unidos de Ameérica),
nacional (Instituto Nacional de Estadistica y Geografia, Secretaria de Desarrollo
Social, Consejo Nacional para la Evaluacion de la Politica Social) y local (Instituto
de Planeacién y Gestion del Desarrollo del Area Metropolitana de Guadalajara,
Secretaria del Medio Ambiente y Desarrollo Sustentable). Los ultimos dos
facilitaron la contextualizacion del marco teérico internacional al ambito del Area

Metropolitana de Guadalajara.

La actualizacion de publicaciones posteriores a la primera busqueda se realizo
con ayuda de alertas en revistas y redes sociales. Por un lado, el Journal
Citation Reports facilitd la identificacion de revistas que pertenecieran a los
primeros cuartiles en la investigacién de dimensiones sociales y espaciales del
transporte publico masivo. Se programaron alertas de Cities, Journal of Transport
Geography y Sustainability. De manera similar, DialNet Plus alertd6 sobre
publicaciones recientes en espafol sobre Geociencias y Medio ambiente. Por
otro lado, la participacion en redes como ResearchGate y Academia.edu,
permitié identificar las publicaciones recientes de investigadores de la ciudad y

el transporte, particularmente en el ambito iberoamericano.
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Con objeto de gestionar la gran cantidad de referencias se utilizé el gestor
bibliografico Zotero y un gestor de conceptos personal. Se eligiéo Zotero por su
gratuidad, los plugin en exploradores y procesadores de texto, el soporte técnico
de comunidad de usuarios y la libreria de estilos bibliograficos propios de las
principales revistas cientificas. Este gestor de referencias facilitd la clasificacion
por conceptos, la insercion de notas y la integracion de referencias en los
articulos. En este momento se cuenta con 1806 titulos catalogados en 31
colecciones que seguiran incrementandose con las alertas y serviran a futuras

investigaciones.

La gestion de conceptos se disefido en Word (Office 365®). La organizacion
jerarquica de estilos facilitd la gestion de conceptos. Para cada uno se
identificaron autores, palabras clave y el analisis de su produccion académica.
En cada caso se respondié qué relataba el autor, un comentario personal y en

gué seccion de la tesis se podria incorporar.

Definicion de hipotesis y objetivos particulares

Cada caso de estudio (CE) requirio6 de la formulaciébn de preguntas de
investigacion e hipoétesis especificas. Con base en ellas, se plantearon objetivos
particulares. EI CE_1 evalué la cobertura del Sistema de Tren Eléctrico Urbano
(SITEUR) respecto a las necesidades sociales del transporte. El CE_2 cuantifico
el numero de usuarios de modos de transporte activos expuestos a episodios de
mala calidad del aire; el CE_3 estimo la inequidad de acceso a transporte
sostenible como indicador de la exclusién social relativa al transporte para el

colectivo de las comunidades universitarias.

Disefio de indices
Se buscé que los indices implicaran procedimientos relativamente sencillos
para el contexto de la complejidad metropolitana, por lo que se disefiaron con las

siguientes caracteristicas:

e Pertinentes para probar la hipotesis del caso
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e Susceptibles de ser calculados a partir de datos abiertos, con
herramientas de sistemas de informacion geografica y/o métodos

multicriterio
e Computables con recursos informaticos convencionales
e Con resultados en clave cartografica

Todos los indices fueron originales, excepto el del quinto caso en el que se
utilizé el indice de Calidad del Aire disefiado por la Agencia de Proteccion del
Ambiente de los Estados Unidos de Norteamérica (Environmental Protection
Agency, 2016b).

Calculo de indices

Los datos

Los datos compartidos son una de las estrategias para la movilidad sostenible
recientemente integradas en la “Guia para las Ciudades Sostenibles del Foro
Econdmico Mundial” (2020). Las ventajas del uso de datos con acceso abierto
en la metodologia fueron dos: Primera, su uso incrementara el potencial de
replicabilidad en otras areas geograficas, tanto por cuestiones financieras como
por ser datos que se producen sistematicamente en otros ambitos
metropolitanos; segunda, las fuentes garantizan la calidad de los datos de
entrada del proceso, pues se generan de acuerdo con metodologias publicadas
y generalmente aceptadas por actores usuarios del método, tanto sociales como

gubernamentales.

Sin embargo, los datos abiertos también implican retos intrinsecos al uso para
casos particulares, pues suelen generarse bajo una perspectiva generalista, es
decir, para usos “transversales”. En los casos de estudio (CE) descritos en esta
tesis, la explotacion de los datos del Open Street Map ® requirié trabajos técnicos
para modelar unicamente los elementos de interés y algunos datos de INEGI
(nacional), SEMADES (estatal) y MiBici (metropolitano) requirieron cierta
adaptacion, fundamente de formato o vinculacion con objetos geograficos. Por
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ejemplo, fue necesario editar los registros “sin dato” o “no aplicable” de bases de
datos censales; las bases de datos de contaminantes y de modos de transporte
activos requirieron un grado de adecuacidn para hacerlas coincidir
concurrentemente en la dimension temporal. La Tabla 4 resume los tipos de

fuente productoras de los datos utilizados en esta investigacion.

Tabla 4

Datos requeridos en los casos de estudios y tipos de fuentes

Datos Tipo de fuente

Datos operativos del sistema de Organismo operador del transporte
transporte publico urbano: frecuencia,
capacidad, numero de pasajeros en
franja horaria para cada parada/estacion

Vialidades con topologia de red Organismo integrador de datos

viales, ya sea gubernamental o de
crowdsourcing*
Variables socioeconémicas Organismo a cargo de censos

socioeconémicos

Concentracion de contaminantes Organismo encargado del monitoreo
del aire
Localizacion geografica de Organismo a cargo de censos
equipamientos urbanos econdémicos o del contexto urbano

*Término utilizado para referir datos generados por inteligencia artificial y verificados por
grupos de personas dedicados a esto, por ejemplo, las bases de datos del Google Street
Map®.
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Las herramientas

El método cuantitativo fue aplicado a todos los CE. Puesto que los STP cuentan
con un importante componente espacial y es un fendmeno complejo, se utilizaron
Sistemas de Informacion Geografica (SIG), como el ArcMap® de ESRI y el
QGis®, ademas del método multicriterio conocido como analisis de componentes
principales procesados en StatGraphics® o SPSS Los indices se calcularon con
ordenadores comunes, i.e., Intel i5- 4200U, 1.60HGz, 8 GB en RAM.

Las funcionalidades del SIG més utilizadas se muestran en la Figura 5. Se
utilizaron diversas bases de datos, incluidas en esquemas de grandes bases de
datos, particularmente las bases de datos anuales por franja horaria del BRT, del
sistema de bicicleta compartida y la red vial de Google Street Data®. Las bases
de datos geogréficas fueron editadas con base en la ponderacion de variables

gue arrojo el analisis de componentes principales.
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Figura 5. Funcionalidades principales de andlisis espacial utilizadas en el método.

! Seleccién por ubicacion, el area de influencia, la unién de tablas por atributos, entre otras.
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El método multicriterio de analisis de componentes principales (ACP) se utiliza
para reducir la correlacion entre variables que explican un fenomeno. Fue
utilizado en los CE 1y 3. En el caso del primero, se accedi6 a una base de datos
socioecondémicos y se model6 el fendmeno con el componente principal y los
pesos de las variables que le correspondian. En el segundo caso, se consideré
el numero de estaciones/paradas de transporte sostenible en areas de servicio
de equipamiento universitario, previamente calculado con el SIG y se eligio el

vector del componente principal que mejor se adecud al fenébmeno analizado.

Los parametros de calidad del analisis multicriterio de ACP fueron el
porcentaje explicativo de la correlacion de variables, el eigenvalor y la varianza
medida con Kaiser-Meyer-Olkin (KMO), debiendo ser mayores a 75%, 1,0y 0,6,
respectivamente, de acuerdo con la literatura (Anderson, 1984; Jolliffe, 2002;
Peres-Neto etal.,, 2005) . En seguida, se interpretaron los componentes
propuestos y se analizé la relevancia para explicar el fenbmeno estudiado con

base en la ponderacion de las variables del componente elegido.

Las unidades de andlisis espacial elegidas fueron los poligonos de secciones
geoelectorales, los puntos de equipamiento universitario y el area de influencia
de las estaciones de monitoreo de la calidad del aire. Se asumid las limitaciones
gue implicaron las unidades de analisis en el momento de la interpretacion de
resultados. Posteriormente se calcularon los indices para todas las unidades de
analisis espacial, con ayuda de la calculadora de datos del SIG. El proceso

general se muestra en la Figura 6.
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Figura 6. Proceso del andlisis de componentes principales.

1 El nimero de variables depende del conjunto de datos disponible;? El indice fue calculado con la media de tres
componentes principales, pues no se identificé uno que representara por si solo el fenomeno.

UAE = unidad de analisis espacial

ACP = analisis de componente principales
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Anélisis de resultados

Durante esta etapa se revisaron los resultados de los calculos y se identificaron
patrones espaciales y/o estadisticos. Estos fueron contrastados con el
conocimiento del sitio para descubrir fenomenos esperados o diferentes a lo

esperado, con el objeto de cotejar las hipotesis de partida.

Discusién de resultados y generacion de conclusiones

Estas etapas metodologicas fueron un complemento del marco teérico. Por un
lado, se establecio un dialogo entre los hallazgos de los CE y los registrados en
la literatura. De esta manera se contrastaron los resultados de otros contextos y
se encontraron diferencias y similitudes con experiencias anteriores. Por otro
lado, durante estas etapas se probaron conceptos descritos en el marco teérico,
con lo cual se materializaron las aportaciones al area de estudio a partir de
hallazgos empiricos. Finalmente, a partir de dicho trabajo, se compusieron unas

conclusiones generales.

Dimensiones sociales y espaciales del transporte publico 53



INTRODUCCION

54



lI. CASOS DE ESTUDIO

Este capitulo constituye la sustancia de la tesis pues describe los casos de estudio
(CE) con los que se evaluaron las hipétesis planteadas en la seccién 1. Cada CE
refirié a hipétesis particulares (Tabla 1). Con base en ellas, se plantearon objetivos:
el primer caso evalud la cobertura del Sistema de Tren Eléctrico Urbano (conocido
como SITEUR) respecto a las necesidades sociales del transporte; el segundo
estudio cuantifico el nimero de usuarios de modos de transporte activos expuestos
a episodios de mala calidad del aire y el tercero estimoé la inequidad de acceso a
transporte sostenible como indicador de la exclusion social relativa al transporte
para el colectivo de las comunidades universitarias. Las tres secciones del capitulo

corresponden a la publicacién de cada CE.
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Abstract: This paper analyses how SITEUR, the Mass Public Transport System (MP15) in the Guadala-
jara Metropolitan Area (GMA), covers transport social needs, contributing to achieve Sustainable
Development Goals (SDG) 11.2. In order to facilitate this, an Index of Mass Transport Provision
(IMTP) was measured through proximity, frequency, and capacity. Then, an Index of Social Transport
Needs (ISTN) was calculated by means of transport disadvantage indicators. Finally, the Index of
Social Transport Needs Covered (ICSTN) was calculated. The calculations used geographic infor-
mation systems and principal component analysis in 1834 geographic sections. Findings highlight
that 50.3% of the inhabitants have a very high level of social transport needs, while only 6.8% of
the population have very low social transport needs, Results show that SITEUR promotes advance-
ment in public transport systems within the GMA relative to quality, security, and reliability and it
also contributes to tackling sodial exclusion in the GMA. A proposal related to transport systems
integration is included, to address an important aspect of social exclusion in the city.

Keywords: mass public transport; social transport needs; social exclusion; Guadalajara; Latin America

1. Introduction

The role of transport in sustainable development has been widely recognized since
the 1992 United Nations Earth Summit and Agenda 21 document. Further, at the 2002
World Summit on Sustainable Development and at the 2012 United Nations Conference on
Sustainable Development (Rio +20) transportation and mobility were considered central to
sustainable development. Sustainable transport achieves better integration in the economy
when it respects the environment; it improves social equity, health, the resilience of cities,
urban-rural linkages and productivity of rural areas [1]. In the 2030 Agenda for Sustainable
Development, sustainable transport is mainstreamed across several Sustainable Devel-
opment Goals (SDGs) and targets. Specifically, target 11.2 is aimed at providing “access
to safe, affordable, accessible and sustainable transport systems for all, improving road
salety, notably by expanding public transport, with special attention to the needs of those
in vulnerable situations, women, children, persons with disabilities and older persons” [2].
In this sense, studying transport social needs served by public transportation is an essential
matter to evaluate target 11.2.

In recent decades, the expansive urban development model of the Guadalajara
Metropolitan Area (GMA) has increased individual motorized journeys. The kilome-
tres travelled by private vehicle increased by more than 942% between 1980 and 2017 [3].
Despite this growing trend of private vehicle use, 34% of daily trips are made by public
transport. In this context, the transport policy focused on the mass public transport sys-
tem (MPTS), known as SITEUR, to increase multimodal choices, reduce air pollution and
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Abstract

This paper analyses how SITEUR, the Mass Public Transport System (MPTS) in the
Guadalajara Metropolitan Area (GMA), covers transport social needs, contributing
to achieve Sustainable Development Goals (SDG) 11.2. In order to facilitate this, an
Index of Mass Transport Provision (IMTP) was measured through proximity,
frequency, and capacity. Then, an Index of Social Transport Needs (ISTN) was
calculated by means of transport disadvantage indicators. Finally, the Index of Social
Transport Needs Covered (ICSTN) was calculated. The calculations used
geographic information systems and principal component analysis in 1834
geographic sections. Findings highlight that 50.3% of the inhabitants have a Very
High level of social transport needs, while only 6.8% of the population have Very
Low social transport needs. Results show that SITEUR promotes advancement in
public transport systems within the GMA relative to quality, security, and reliability
and it also contributes to tackling social exclusion in the GMA. A proposal related to
transport systems integration is included, to address an important aspect of social

exclusion in the city.

Keywords
mass public transport; social transport needs; social exclusion; Guadalajara; Latin

America

Introduction

The role of transport in sustainable development has been widely recognized since
the 1992 United Nations Earth Summit and Agenda 21 document. Further, at the
2002 World Summit on Sustainable Development and at the 2012 United Nations
Conference on Sustainable Development (Rio +20) transportation and mobility were
considered central to sustainable development. Sustainable transport achieves
better integration in the economy when it respects the environment; it improves
social equity, health, the resilience of cities, urban-rural linkages and productivity of
rural areas (P. Miller et al., 2016). In the 2030 Agenda for Sustainable Development,

sustainable transport is mainstreamed across several Sustainable Development
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Goals (SDGs) and targets. Specifically, target 11.2 is aimed at providing “access to
safe, affordable, accessible and sustainable transport systems for all, improving road
safety, notably by expanding public transport, with special attention to the needs of
those in vulnerable situations, women, children, persons with disabilities and older
persons” (United Nations (UN), 2015). In this sense, studying transport social needs

served by public transportation is an essential matter to evaluate target 11.2.

In recent decades, the expansive urban development model of the Guadalajara
Metropolitan Area (GMA) has increased individual motorized journeys. The
kilometres travelled by private vehicle increased by more than 942% between 1980
and 2017 (Jalisco, 2019). Despite this growing trend of private vehicle use, 34% of
daily trips are made by public transport. In this context, the transport policy focused
on the mass public transport system (MPTS), known as SITEUR, to increase
multimodal choices, reduce air pollution and improve the quality of journeys (Vuchic,
2017). SITEUR mainly serves the center of the metropolis. Specifically, it serves four
of the nine municipalities with a multimodal system: light rail transit, bus rapid transit,
and buses. A considerable proportion of people living in the suburbs travel on
conventional buses operated by private carriers. Even though the fare is the same
for SITEUR and conventional buses, the latter have poor regulation and make

inefficient attempts to improve the quality of travel (Jalisco, 2019).

Besides the private carriers over the last mile to access the mass transport system
and reduce transport related exclusion, other features, such as Park and Ride, are
designed to support the successful operation of the system. Park and Ride are
parking areas located in the vicinity of mass transport peripheral stations. People
can leave their private vehicles there and use public transportation to travel to central
areas. Unfortunately, the Park and Ride paradigm is not as well-established in the
GMA, as it is in many cities. For instance, the Park and Ride system in Warsaw
reduces social exclusion as cars, bikes and motorcycles can be parked in
interchange nodes (Macioszek & Kurek, 2020, 2021).

Despite the fact that transport-related social exclusion has been studied in Latin
American cities (Hernandez, 2018; Vecchio, Tiznado-Aitken, et al., 2020), empirical
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and quantitative in-depth socio-spatial research is needed to identify whether
transport systems include or exclude the people with transport disadvantages
(Lucas, 2019). The analysis of the spatial and social contribution of SITEUR in the
context of metropolitan mobility is relevant, given its quality service, contribution to
multimodality and to the environmental quality of the city. This is even more
pertinent, considering that the infrastructure of SITEUR has incurred great costs, a
public debt that will be paid throughout future decades (Cordova Espafia, 2010). In
this context, the aim of this research was to calculate the level of coverage of the
provision of SITEUR with regard to the social needs of transport to find out whether
SITEUR contributes to achieving 11.2 SDG target. In order to facilitate this, three
indexes were conceived, calculated, and mapped with geographic information
system and principal component analysis methodologies. First, an Index of Mass
Transport Provision (IMTP) was measured through proximity, frequency, and
capacity. Then, an Index of Social Transport Needs (ISTN) was calculated by means
of transport disadvantage indicators considered in the existing literature. Finally, the

Index of Social Transport Needs Covered (ISTNC) was calculated.

Related work is described in the next section. Then the study area and the
research object are described. The third section explains the methodology for all
indexes, i.e., IMTP, ISTN, and ISTNC. Scientific and technological methods are
applied through integration and analysis of statistical and spatial data. The results
and discussions described in the fourth section highlight the spatial dimension of the
social exclusion covered by the SITEUR. The final section shows the main
conclusions of the research and presents some proposals for tackling social

exclusion related to transport.

Literature review

The mass public transport system (MPTS) including light rail transit (LRT) and bus
rapid transit (BRT), promotes sustainable mobility, with regard to environmental,
economic, and social dimensions. Regarding environmental improvements, the
MPTS contributes to the reduction of the number of private trips, therefore, they

reduce greenhouse gas emissions. This is especially true in the current context of
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the promotion of electricity as clean energy for LRT (UITP, 2020). In addition, the
urban quality is usually improved when integrating LRT or BRT, especially in the
vicinity of the stations (Vuchic, 2017). In some cases, the MPTS even reduces crime
(Cerda etal.,, 2012). In contrast, new conventional bus routes rarely promote

improvements in urban environments or promote safer areas.

With respect to the economic dimension, at least two general perspectives
support the relevance of analysing MPTS. Firstly, when MPTS is conceived within
the development oriented transport paradigm, they drive neighbourhood
revitalization, generate economic growth and development, promote the growth of
affordable housing, and increase land values, rents, and real estate yields (S.
Medina & Patlan, 2016; Quintero-Gonzalez & Quintero-Gonzéalez, 2019, p.;
Schlickmann et al., 2017). Secondly, the journey time is usually shorter with MPTS.
Users recognize that LRT and BRT are more punctual and provide a faster overall
journey time than conventional buses (D. A. Hensher et al., 2015). LRT or BRT
stations are well established and respected: although the bus stops are officially
designated in many Latin-American cities, buses usually stop randomly, whenever
users call or flag so the journey time on conventional buses is hard to predict.

From the social dimension, it has been shown that the MPTS contributes to
addressing transport social needs. This perspective deals with the reduction of
disadvantages in transportation, largely explained by socioeconomic factors. The
social needs of transport are the requirements to access jobs, goods, services and
other essential activities by people whose motives and mode of transportation are
determined, to a large extent, by their socioeconomic characteristics. Poor transport
services can compound the problems of living on a low income (Clichevsky, 2000;
Figueroa, 2005; Giraldo et al., 2009; Lazo, 2008; Vasconcellos & Mendoca, 2016).
Transport disadvantage has a greater impact on particular groups whose condition
of social exclusion is often reinforced by non-existent or low-quality public transport
services (Bocarejo S. & Oviedo H., 2012; Currie, 2009; Hine & Mitchell, 2016;
Jaramillo et al., 2012; SEU, 2003). In this respect, the MPTS offers higher quality
services than conventional buses (Vuchic, 2017). Safe access for individuals to

work, education, healthcare services and sociocultural activities is easier in areas

Dimensiones sociales y espaciales del transporte publico 64



W& UNIVERSIDAD

DEGRANADA Il. CASOS DE ESTUDIO
with adequate public transport facilities. In particular, BRT improves mobility to low-

income residents (Ferbrache, 2019).

Poor and low-income households in outlying locations have more difficulty
accessing opportunities and services (Hine, 2003; Hine & Mitchell, 2016; Mackett
et al., 2008; Schwanen et al., 2015; Yigitcanlar et al., 2010). These areas are usually
far away from primary routes or corridors and have little or no public transport
provision. In this regard, even though the MPTS mainly serves the central areas,
where most of these activities occur, they connect these opportunities and services
with the periphery via buses, usually through private services.

Guadalajara Metropolitan Area and SITEUR

The GMA is a conurbation in western Mexico with 4.8 million inhabitants spread over
2700 square kilometres. It is made up of nine municipalities: four central and five
peripherals. An anarchic urbanization process and a metropolitan concentration has
produced a scattered and fragmented city with a wide range of population density
(Cruz Solis et al., 2008; Harner et al., 2018). Figure Il.1 illustrates that density is Very
High in the northwest and southwest urban areas, in addition to the central eastern

area.

With respect to socioeconomic characteristics, more than 15% of the GMA
inhabitants live in High and Very High levels of urban exclusion, and 40% of the
inhabitants live in conditions of poverty (Calonge Reillo, 2017c; CONAPO et al.,
2010; ECLA, 2019). The fact of not owning a refrigerator is an indicator of low
household income, according to CONAPO (CONAPO, 2016). Remarkably, 30.9% of
households do not own a refrigerator in the GMA. The poorest people must allocate
more than 35% of the total income to transport (De Quevedo Garcia Najar et al.,
2017).

The mass public transport system (MPTS) in the Guadalajara Metropolitan Area
(GMA) is operated by the urban electric train system, known as SITEUR. Itis a public
institution created in 1987. By 1992, the SITEUR operated the first light rail transit
(LRT) in the area, connecting the north and south of the city. The second LRT line

started operation in 1994 and travelled from the centre to the east through the
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densest areas of the GMA. The MPTS was complemented by a line of bus rapid
transit (BRT), known as the Macrobus in 2006, running almost parallel to LRT Line
1 (Cordova Esparia, 2010). Then four lines with high quality buses, known as Sitren,
were integrated into the system. Finally, a third line of the LRT was included in
SITEUR by September 2020. The SITEUR promotes advancement for public

transport systems in the GMA in terms of quality, security and reliability.

Several more lines were contemplated in the metropolitan plans. In 2020, the
construction of a second BRT line was started. It is aligned with a large avenue that
links the central municipalities with those of the periphery. The improvement in the
mobility within the city created by this line, will be assessed as soon as operational
data is available. In general, SITEUR provides an improvement to the public
transport system in the GMA in terms of quality and reliability. A study sponsored by
UN-HABITAT refers to the good condition of vehicles, the attitude of the drivers and,
in general, to the pleasant perception of the journey in SITEUR (Castafion Reyes,
2016). In addition, SITEUR’s LRT lines contribute to good air quality, as they run on
electricity and reduce trips by private motorized vehicles. Figure 1.1 shows a bus
network service in the non-central areas of the GMA. There are also low-quality
transport services such as motorcycle taxis, minibuses and other unregulated
alternatives that are not still integrated into SITEUR (CONAPO, 2016).

Just as the highest population density is concentrated in the four central
municipalities, almost 95% of the generators of journeys on work-days are also
located in that area (Programa General de Transporte del Estado de Jalisco, 2016).
As illustrated in Figure 3, the three modes of SITEUR serve the urban area of these
municipalities and the highest density areas, while the buses also serve the lowest
density areas with microbuses and minivans. This kind of transport is slow,
unreliable, and irregular (Calonge Reillo & Aceves Arce, 2019). Notwithstanding,

they cover a lot of transport needs that are not reachable by SITEUR.

Dimensiones sociales y espaciales del transporte publico 66



Ry

% UNIVERSIDAD

o= DEGRANADA Il. CASOS DE ESTUDIO

Less than 5230 SITEUR

SITEUR new lines

5231-10,100
B 10,101 - 14,030 GMA municipal boundaries
- 14,031 - 19,140 Biosphere reserve
B ore than 19,140

-
L (& Jalisco at Mexico
{

> ;
- v {_‘St,
- L (-\_’/‘7 North America
2 A
{'/\4 4 ”,y
b, 1 ‘I 4; & S "‘.
! @o Vallarts % /—) -
\ 2 Central
\N#_‘ \ Pacific Ocean  AMen<d
anzani /j
[
.

0 8.5 17 25.5 34 I\
B N N lometers N

Figure 3. Population Density in the Guadalajara Metropolitan Area (inhab/sgkm)

Source: Authors based on (CONANP, 2017; INEGI, 2010a)

While the modal split of GMA has not been recently assessed, government
estimates are shown in Figure 4. A third of the daily journeys are made by public
transport, while less than a third of them are made by private motorized vehicle and
almost half of the trips are made by non-motorized vehicles (Jalisco, 2019). From
the 40% of non-motorized users, the 37% of the inhabitants who go by foot do so

mainly for financial reasons (Aguirre Quezada, 2017).
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Figure 4. Modal Split in the Guadalajara Metropolitan Area (Percentage of Work-
Day Journeys)

Source: Authors based on (Jalisco, 2019; S.de T. E. U. (Urban E. T. S. SITEUR
Guadalajara), comunicacién personal, 21 de junio de 2019; SITEUR, 2020a, 2020b,
2020c) .

Within the public transport system, SITEUR serves nearly one tenth of the
journeys, i.e., nearly four hundred thousand trips on work-days (SITEUR, 2020a,
2020b, 2020c). Due to the large investments that a mass public transport system
(MPTS) implies, SITEUR should increase its contribution to the modal split. In
addition to SITEUR, private enterprises operate public transport services in the
GMA. Although the fare is the same for SITEUR as it is for buses, the privately
licensed operators provide poor transport services by bus and microbus and are not
fare-integrated to the SITEUR.

As illustrated in Figure 5, SITEUR mainly serves the centre of the GMA. It
represents an improvement in the intermodal transport in the GMA, through LRT,
BRT, and high-quality bus services. Two of the higher capacity lines are north-south
oriented through the centre of the city. The second LRT line and high-quality bus

routes are east-west oriented. These buses serve some areas in the periphery of the
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city, where the lower socioeconomic dwellings are concentrated (Calonge Reillo &
Aceves Arce, 2019; IMEPLAN, 2015, 2018; S. de T. E. U. (Urban E. T. S. SITEUR

Guadalajara), comunicacion personal, 21 de junio de 2019). As shown in Table 1

Characteristics of modes in the SITEUR

, there is a large difference between mode capacities of SITEUR vehicles.

Nonetheless, the peak-time frequency (a.m.) does not differ greatly among the
different modes, except for one bus line (S. de T. E. U. (Urban E. T. S. SITEUR

Guadalajara), comunicacion personal, 21 de junio de 2019).

Table 1

Characteristics of modes in the SITEUR

Length  Number of

Peak-Time Capacity

Mode Name _ Frequency [Passenger/
[Km]  Stops/Stations . _
[Minutes] Vehicle]
1 16 20 5.33 684
LRT 2 9 10 4 600
3 21 18 7 500
Macrobus 16 27 6 164
BRT
MiMacro Periférico* No data No data No data No data
Sitren 1 12 29 6 47
Sitren 1 B 12 30 8 80
Bus Sitren 2 13 26 7 47
Sitren 3 18 54 7 80
Sitren 4 22 88 15 80

* This BRT line was not included. It was under construction when the analysis was
performed. Source: Authors based on (IMEPLAN, 2019; SITEUR, 2020a, 2020b, 2020c).
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Figure 5. Mass Public Transport System in the Guadalajara Metropolitan Area

Source: Authors based on (CONANP, 2017; IMEPLAN, 2015, 2018, 2019; INEGI,
2010a; SITEUR, 2020b, 2020b, 2020c).

Methodology

In order to assess how SITEUR covers transport social needs in the Guadalajara
Metropolitan Area (GMA), three indexes were proposed, calculated, mapped, and
analysed. Firstly, an Index of Mass Transport Provision (IMTP) was measured

through proximity, frequency, and capacity. Secondly, an Index of Social Transport
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Needs (ISTN) was calculated by means of transport disadvantage indicators

considered in the existing literature and listed in Table 2

Factors, indicators, and data sources used to assess the Index of Mass Transport

Provision and the Index of Transport Social Needs
. Thirdly, a Social Transport Needs Covered (STNC) was calculated.

Data used were the newest available for the thematic and geographical scale that
the methodology required (IMEPLAN, 2019; INEGI, 2010a, 2010b, 2017; S. de T. E.
U. (Urban E. T. S. SITEUR Guadalajara), comunicacion personal, 21 de junio de
2019). Social data were obtained from 2010 due to their geographically detailed
scale, not available for later years. Thus, all indexes were calculated and mapped in
1834 geographic sections (GS). Scientific and technological methods, e.g., principal
components analysis (PCA) and geographic information systems (GIS), supported
the integration and analysis of statistical and spatial data through SPSS and ArcMap

software.

Index of Mass Transport Provision

The Index of Mass Transport Provision (IMTP) was based on frequency, capacity,
and proximity (Fransen et al., 2015; Jaramillo et al., 2012). Table 2 describes data
sources. Frequency used was at peak-time when most people commute to/from
work (Vasconcellos & Mendoca, 2016). The vehicle capacity was used for the index
calculations. Proximity was calculated through walking time from each of the GS
centroids to the nearest stop/station. The distances were modelled by means of
advanced spatial analysis (e.g., street network and nearest facility) and involved time
as an innovative variable instead of traditional Euclidian distance. In accordance with

Fransen et al. (2015), the distances were classified in ranges and normalized
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Table 2

Factors, indicators, and data sources used to assess the Index of Mass Transport
Provision and the Index of Transport Social Needs

Dimension Indicator Variable Source

Authors, based on the Statistical
and Geographic Information
~Walking minutes to reach Institute of the State of Jalisco
Proximity _ )
the nearest stop/station (IIEGJal) (2012) and the National
Institute of Statistics and
Transport Geography (INEGI) (2017)

Peak-time frequency, in SITEUR (comunicacion personal,
Frequency _ o
minutes 21 de junio de 2019; 2020a,
2020b, 2020c) and Metropolitan
Capacity  Passenger per vehicle  Planning Institute (IMEPLAN)
(2019)

~_ People with motor, visual
Disability _ .
and auditory handicap

) People from 3 to 24 years
Educational o
assisting to an

level . INEGI: Census Information
educational centre
. Consultation System (SCINCE,
Social People of 65 years and T .
Elderly from its initials in Spanish)

over
(INEGI, 2010b)
People of 5 years and

Childhood
under
Unemploy
Unemployed people
ment
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Table 2 (continuation)

Dimension Indicator Variable Source

Social INEGI: Census Information

People of 15 years and ,
' . N Consultation System (SCINCE,
llliteracy over without ability to o ' _
from its initials in Spanish)

read
(INEGI, 2010b)
Low Dwelling without
income refrigerator
Vehicle Dwelling without

ownership privately-owned vehicle

Dwelling with female-
Gender
headed household

As described in Table 2

Factors, indicators, and data sources used to assess the Index of Mass Transport

Provision and the Index of Transport Social Needs

, the geometry of the road network was generated from two data sources. Given
the differences in data generation criteria, the construction of the road network
implied significant technical efforts. Finally, the resulting network achieved an
acceptable topological quality for a metropolitan scale. Walking time was based on
the street network distance assuming a speed of four kilometre per hour, since
Mexican authorities recognize that children, the elderly and the motion-impaired walk
at this speed (SEDATU et al., 2018). In addition, when two or more stops/stations
were less than 50 m apart, this research assumed that users preferred the one that
had a higher frequency or capacity in the following order: LRT, BRT, and then bus.
This hierarchy served to eliminate the duplicated stops of 284 SITEUR
stops/stations. Table 3 describes the general characteristics of SITEUR considered

for the IMTP calculations.
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Social Indicator (Si) Weight (W)
Si- Disability W1 =0.137

S2- Educational level W2 =0.125
Ss- Elderly W3 =0.143

S4- Childhood W4 =0.113

Ss- Unemployment Ws =0.128
Se- llliteracy Wse = 0.129

S7- Low income W7 =0.036
Ss- Vehicle ownership Ws = 0.066
So- Gender W9 =0.123

The Index of Mass Transport Provision (IMTP) was calculated as shown in

Equation 1 and normalized through

Equation 2.

Equation 1

Index of Mass Transport Provision (IMTP)

IMTPj = (1- FMj) * Twj * CMj
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where
IMTPj = Index of Mass Transport Provision at GSj;
j = The GS analysed. Values are 1-1834;
FM; = Frequency of mode M at the nearest stop/station from GS;j (minutes);

M = {LRT-linel, LRT-line2, BRT, bus-linel, bus-linelB, bus-line2, bus-line3, bus-
lined};

Twj = Walking time to the nearest stop/station from GS;j (minutes);

CM; = Capacity of the vehicle of mode M at the nearest stop from GS;

(passengers/venhicle).

Equation 2
Index of Mass Transport Provision Normalized (IMTP_N)

IMTP; — IMTP™™ (2)

IMTP_N; = —x 100

Index of Social Transport Needs

Based on previous methodologies (Currie, 2010; Fransen et al., 2015; Jaramillo
etal.,, 2012; Lizarraga, 2012), the Index of Social Transport Needs (ISTN)
incorporated socioeconomic and housing dimensions, following the wide evidence
that social transport needs are different according to income, age, vehicle ownership,
gender or education (De Quevedo Garcia Najar et al., 2017; Graglia, 2016; Hine,
2009; Taylor et al., 2009; UN-Habitat, 2013). Transport disadvantage has a greater
impact on particular categories that include the elderly, people with health problems,
low incomes groups, those living in conditions of poverty, unemployed or disabled
people (El-Geneidy et al., 2016; Grindlay et al., 2018; Hine, 2009; Jaramillo et al.,
2012; Jirén, 2007; Lucas, 2019; Ozkazang & Ozdemir S6nmez, 2017; Ricciardi et al.,
2015; Schwanen et al.,, 2015; J. Xia etal., 2016). The ISTN incorporated nine

transport disadvantage indicators with their variables: disability; educational level;
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elderly; childhood; unemployment; illiteracy; low income; vehicle ownership and
gender. The combination of the variables of these indicators provides an index of
social transport needs, produced with the most important explanatory factors of

transport disadvantage.

Interestingly, gender was incorporated through the variable “female-headed
households”. Gender has a decisive influence on possibilities for moving through the
non-central regions of the metropolis, as well as on ways of linking with the main
metropolitan activities (Currie, 2010; Fransen et al., 2015; Ricciardi et al., 2015). In
the case of the metropolis in developing countries, Calonge and Aceves (Calonge
Reillo & Aceves Arce, 2019) showed that female-headed households make less use
of the car and spend less on transportation than male-headed households, due to
the prevailing conditions of poverty and the greater deficiencies in the public

transport systems.

The ISTN were calculated as the weighted sum of these variables within the GS.

Equation 3 shows the algorithm used to compute this. It was normalized adapting

Equation 2.

Equation 3
Index of Social Transport Needs (ISTN)

5 (3)
ISTIVJ = ZSU X Wi

i=1
where

ISTNj = Index of Social Transport Needs at GS j;
Sij = Social indicator i at GSj;
Wi = Weight of the social indicator i.

The weighted values of socioeconomic and dwelling variables are listed in Table
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Principal component analysis (PCA) is a statistical technique usually used in
academic studies concerning the social dimension of transport (Delbosc & Currie,
2011b; Jiang et al., 2021; Preston & Rajé, 2007; Tahmasbi et al., 2019), as well as
in the evaluation of social public policies in Mexico (CONEVAL, 2019a). The PCA
describes correlations between a set of variables by creating new components that
propose weights for the original variables. The purpose of the PCA is to obtain a
small number of linear combinations of the dataset that account for most of the
variability in the data. Each component can be interpreted as one part of the social
transport needs. A negative value means that this variable negatively affects the
phenomenon. The variability of the original data is an indicator of the analysis
performance. The higher the variability, the better the components account for the
phenomenon. The component calculated in this study accounted for 76% of the
social transport needs. Table 3 shows the factors which better explain transport-

related social needs (STN) in the city.

Principal component analysis (PCA) was inputted with 214 socioeconomic and
dwelling variables for the 1834 GS (CONEVAL, 2019a). The PCA reduced the
dimensionality of the social data set. The fraction of variance explained by the first
principal component accounted for 76%. The weights of the first principal component
rotated matrix of PCA referred to transport disadvantage. The weights of the main
component variables shown in Table 3 totaled 1.0, as they were previously
normalized to be included in subsequent calculations. The weight values represent
the contribution of each indicator to the social needs of transport in the GMA. These

are valid only for the analyzed data set.

As shown in Table 3, the weight assigned to “vehicle ownership” represents only
6% of the indicators related to the disadvantage of transport for each GS. The
number of inhabitants in the groups of “childhood”, “elderly” and “educational level’
comprises 38% of the weight, while the other five socioeconomic indicators make up
the remaining 56%. According to the social indicator weights used for the ISTN,

results confirmed that in this case, the socioeconomic factors are much more
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relevant than the “vehicle ownership” indicator, which is consistent with other studies

for Latin American cities (Jaramillo et al., 2012).

Index of Social Transport Needs Covered

The calculation of the spatial differences of the two indices mentioned above allowed
us to understand the contribution of SITEUR to address the social needs of transport.
The Index of Social Transport Needs Covered (ISTNC) is the difference between
SITEUR’s transport provision and the social needs. It was calculated for every GS

by means of Equation 4

Equation 4
Index of Social Transport Needs Covered (ISTNC)
ISTCNj = IMTP_N; — ISTN_N; (4)

where
ISTNC; = Provision—needs gap at GS;;
ITMPN;j = Index of Mass Transport Provision normalized at GS;;

ISTN_N;j = Index of Social Transport Needs normalized at GS;.

Results and discussion

Spatial and statistical analyses were performed to calculate the level of coverage of
the provision of SITEUR with respect to the social needs of transport in the
Guadalajara Metropolitan Area (GMA). The use of geographic information systems
(GIS) highlighted not only the geographic dimension of SITEUR, but the social
transport needs (STN) and their spatial patterns. The indexes calculated were the
Index of Mass Transport Provision (IMTP), the Index of Social Transport Needs
(ISTN) and the Index of Social Transport Needs Covered (ISNTC). All indexes were
mapped with five graduated symbols calculated using quintiles of the geographic
sections (GS) to create cut-off index levels: Very Low, Low, Medium, High, and Very
High.
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Index of Mass Transport Provision

The IMTP spatially illustrates the SITEUR transport supply. As shown in Figure 6,
results confirm that the higher provision is naturally concentrated at the three main
axes of the mass transport modes of SITEUR. The SITEUR high quality buses,
known as Sitren, barely influence IMTP, since they have a very low capacity

compared with LRT and BRT (Table 1

Characteristics of modes in the SITEUR
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Figure 6. Index of Mass Transport Provision
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Source: Authors, based on (CONANP, 2017; IMEPLAN, 2015, 2018, 2019; INEGI,
2010a; SITEUR, 2020b, 2020b, 2020c).

Index of Social Transport Needs

The Index of Social Transport Needs (ISTN) describes the spatial pattern of areas
with higher social transport needs, as described in the methodology. Results
mapped in Figure 7 show that higher STN are concentrated in the periphery, as in
other Latin America cities (Jaramillo et al., 2012; Jir6n, 2007; Jiron & Mansilla, 2013),
although the results also identified some areas in the centre of the metropolis with
High social needs for transportation. Fortunately, the BRT under construction will

largely serve areas with High and Very High STN.

Index of Social Transport Needs Covered

The Index of Social Transport Needs Covered (ISTNC) was calculated and mapped
(Figure 8) to assess how adequately SITEUR covers or not social transport needs
(STN). Positive values of ISTNC can be interpreted as STN adequately covered by
SITEUR in the GS. Negative values refer to GS where STN are not covered by
SITEUR. As stated by Calonge and Aceves (Calonge Reillo & Aceves Arce, 2019),
most of the population in the periphery of the GMA have a limited choice of quality
means of transport. According to current mobility public policy (IMEPLAN, 2016b),
results highlight areas where mass transport lines should address STN, e.g., the
BRT line, MiMacro Periferico, currently under construction. This future line may
serve some of the west and eastern areas identified in this study as not covered by
SITEUR.
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Figure 7. Index of Social Transport Needs

Source: Authors, based on (CONANP, 2017; IMEPLAN, 2015, 2018, 2019; INEGI,
2010a; SITEUR, 2020b, 2020b, 2020c).

As shown in Table 4, the proportion of the area where SITEUR exceeds the social
needs of transportation is very small. This is due to the scarcity of the mass
transportation lines within the system. Despite SITEUR addressing social transport
needs in areas where more than half of the GMA population live, it contributes to
only 3% of the total modal split. One possible reason is the lack of fare-integration
between private buses and SITEUR. The bus network is closer than MPTS to most
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of the dwellings with higher STN (Figures Figure 5 and Figure 7). It can be assumed
that users will prioritize their economy and will sacrifice journey quality and duration,

thus not choosing to switch their mode of transport. In this context, target 11.2 SDG

is far from being achieved.

B MTP < ISTN =e=w Recent LRT
IMTP > ISTN BRT under construction
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Figure 8. Index of Social Transport Needs Covered

Source: Authors, based on (CONANP, 2017; IMEPLAN, 2015, 2018, 2019; INEGI,
2010a; SITEUR, 2020b, 2020b, 2020c).

Dimensiones sociales y espaciales del transporte publico 82



W& UNIVERSIDAD

DE GRANADA Il. CASOS DE ESTUDIO

Table 4

Population and surface related to social transport needs covered by SITEUR

Inhabitants Area
ISTNC
Value % GS Ha %
IMTP < ISTN 1,910,203 42% 511 293,265 87%
IMTP > ISTN 2,588,751 58% 1323 45,032 13%

After analysing data with and without the recent LRT Line 3, results show that it
barely increases provision by 2% for the number of inhabitants with High transport
needs living in areas already served by the SITEUR. The alignment of the line mainly
overlaps areas already over-provided by SITEUR. Surprisingly, the new LRT Line 3
will contribute very little to the difference between SITEUR coverage and the
enormous social transportation needs. This is regrettable, given the large public
investment and the social and economic construction costs, i.e., costs of Line 1

exceeded more than one hundred million dollars (Herrera, 2018).

Figure 9 describes the percentage of the population with social transport needs.
It shows the distribution of the levels of SITEUR’s provision and of social transport
needs in the 1834 GS, ranged by GS quintiles. Ideally, the transport provision curve
is proportional, showing a high percentage of the population at the Very High
provision level. In contrast, the ideal curve of the STN starts with a high percentage
of the population for the lower levels of the index and a decreasing percentage of
the population as it approaches the High levels of the index. However, the findings
of this research reveal that the curve of the STN is almost inverse to the ideal.
Furthermore, it presents a sharp slope in the last segment. This means that the
highest STN are concentrated in the last quintile of geographic sections. These
findings confirm the high inequality of the distribution of social transport needs and

transport provision in the GMA.

Figure 9 also shows that the percentage of inhabitants with less than adequate
transport provision is almost double that of people served with Very High values of
the index. Results show that the transport need of less than a quarter of the
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population are covered by the SITEUR. It is worth noting that 50.3% of the
inhabitants have a Very High level of STN, while only 6.8% of the population have
Very Low social transport needs. Despite this, SITEUR only contributes 3% of the
city’s modal split (Figure 4). Furthermore, the SITEUR does not adequately serve
more than half of the population. Notwithstanding that mass transport is scarce in
the city, this population ratio is striking, given the high construction and operation

costs of SITEUR.

60.0%

50.3%
50.0%

40.0%

[
iel
©
> 28.9%
S 30.0%
& 22.8% ==ISTN
X 20.0% %
13.6% 13.2%
10.4%
10.0% 6.8%
0.0%
Very low Low Medium High Very high

Level of index

Figure 9. Distribution of the Levels of MTP and of STN in the 1834 GS

Source: Authors.

Conclusions

The mass public transport system (MPTS) impacts the environmental, economic and
social dimensions and is directly related to target 11.2 SDG aimed at providing
access to sustainable public transport systems for all, with special attention to social
needs. This paper contributes to the comprehension of public transport relationships
with the spatial and social dimensions in the complexity of metropolitan areas. This
study analysed how SITEUR, the MPTS, addresses social transport needs (STN) in
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the Guadalajara Metropolitan Area (GMA) and targets 11.2 SDG. In order to
understand the complex multivariable phenomenon of STN, three indexes were
designed, i.e., the Index of Mass Transport Provision (IMTP), the Index of Social
Transport Needs (ISTN), and the Index of Social Transport Needs Covered (ISTNC).
They were calculated for 1834 geographic sections (GS).

The IMTP was calculated with geographic information systems, using real walking
distances and open-access data, such as network geometry, capacity, and
frequency. The ISTN used social transport indicators assessed with principal
component analysis, based on existing literature. The difference between IMTP and
ISTN was used to assess the ISTNC, giving a positive or negative value, concerning

the coverage or the disparity of STN in a GS.

It can be concluded that there is high inequality in the distribution of social
transport needs and transport provision in the GMA. SITEUR does not meet the
social transport needs in the peripheral areas. Results highlight that SITEUR mainly
serves the central areas of the metropolis, as in other Latin American cities. Social
transport needs do not match the spatial pattern that the mass transportation
infrastructure provides in the city. The calculations reveal that the social needs are

distributed, mainly, in the periphery, especially in the south-eastern municipalities.

The care of STN demands actions within both social and transport dimensions.
The decrease of social transport disadvantages requires attention to the most
significant social indicators, e.g., elderly and disabled, and the essential coordination
of the public and private sectors. Addressing 11.2 SDG will not be solved solely with
the increase of more mass transport lines, but by the reinforcement of connections
and the improvement of transportation in the periphery (Duarte & Rojas, 2012).
Public and private carriers cannot turn their backs, as they have done in recent
decades. They must work towards a common sustainable goal: the improvement of
mobility in the GMA, with special attention to social needs. This cooperation and
integration must go beyond a simple homologation of bus/SITEUR fares. Carriers
should reduce the gap between STN and the public transport provision with
improved structural strategies. Although this integration implies the removal of long-
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standing political and economic handicaps, the public-private dialogue should
address the important aspect of social exclusion in the city taking into consideration
the SDG.

Although the methodology provides a quantitative approximation of a complex
problem due to a considerable number of variables, the SITEUR transport supply is
limited, so there is still room for improvement in the knowledge of social exclusion
linked to public transport. The spatial analysis shows that SITEUR could have a great
impact on the modal distribution of the city. However, this contradicts reality.
Therefore, future research will integrate other modes of transport to the model to
explore further the social needs of transport in the city from a more multimodal
perspective. In particular, future research will include a new public transport supply
index that considers, not only mass transport, but also the bus network managed by
private carriers. This will support social dimension arguments to promote greater
cooperation between all carriers with better integration of a more holistic approach
to the transport system. This will facilitate social dimension arguments for decision
makers to promote a more holistic approach to the transport provision in the GMA
and to achieve transport-related SDGs.
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Abstract

The protection of pedestrians, cyclists, and public transportation passengers from
environmental pollution is a global concern. This study fills the gap in the existing
knowledge of temporal exposure to air pollution in Latin American metropolises. The
paper proposes a methodology addressing the relationship between two objects of
study, i. e., the users of active modes of transport and air quality. This new
methodology assesses the spatiotemporal concurrence of both objects with
statistical analysis of large open-access databases, to promote healthy and
sustainable urban mobility. The application of the empirical methodology estimated
the number of users of active transportation modes exposed to poor air quality
episodes in the Guadalajara metropolitan area (Mexico) in 2019. The study
considered two pollutants, ozone (Os) and particulate matter (PMio), and two active
modes, cycling and bus rapid transit (BRT). Spatiotemporal analyses were carried
out with geographic information systems, as well as with numeric computing
platforms. First, big data were used to count the number of users for each mode
within the area of influence of the air quality monitoring stations. Second, the number
of air pollution episodes was obtained using the air quality index proposed by the
Environmental Protection Agency (USA) on an hourly basis. Third, the
spatiotemporal concurrence between air quality episodes and active mode users
was calculated. In particular, the air quality monitoring data from the Jalisco
Atmospheric Monitoring System were compared to users of the public bicycle share
system, known as MiBici, and of a bus rapid transit line, known as Mi Macro Calzada.
The results showed that the number of cyclists and BRT passengers exposed to
poor air quality episodes was considerable in absolute terms, that is, 208,660 users,
while it was marginal when compared to the total number of users exposed to better
air quality categories in the study area, who represented only 10%. To apply the
results at the metropolitan scale, the spatial distribution of the air quality monitoring
system should be improved, as well as the availability of data on pedestrians and

conventional bus passengers.
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Introduction

Air quality is a big concern in cities. Since 2016, 90% of worldwide city dwellers living
in low- and middle-income countries have breathed air that did not meet the safety
standards set by the World Health Organization (WHO), causing 4.2 million
premature deaths due to air pollution (ONU-Habitat, 2021; World Health
Organization, 2021).

Air pollution is the presence in the air of matter (solid particles and gases) or forms
of energy that cause risk, damage, or serious annoyance for people and other living
organisms. According to the WHO (World Health Organization, 2021), PM, carbon
monoxide (CO), ozone (O3), nitrogen dioxide (NOz2), and sulfur dioxide (SO3) are the

pollutants with the strongest evidence for being public health concerns.

The Environmental Protection Agency (EPA) proposed the universally recognized
air quality index (AQI) (Environmental Protection Agency, 2021) to assess air
pollution. The EPA defined six categories according to pollutant concentrations. The
categories were labeled corresponding to the level of concern, that is, 1, 2, 3, 4, 5,
or 6 for good, moderate, unhealthy for sensitive groups, unhealthy, very unhealthy,

and hazardous concern, respectively.

Specifically, Oz and PM pollution at ground level poses a high risk to health (De
Jesus et al., 2020; Environmental Protection Agency, 2016a) and have multiscale
temporal patterns. The concentrations may vary according to the hour of the day and
the season, e.g., O3 concentrations are higher during the daytime than at night, and
particulate matter, such as PMio, is more concentrated in the winter than in the

summer. Precipitations also affect PM concentrations (De Jesus et al., 2020).

Exposure to excessive Os can cause breathing problems, trigger asthma, and
reduce lung function, leading to lung disease. Additionally, breathing air with high

concentrations of PM is considered the leading environmental cause of death and

Dimensiones sociales y espaciales del transporte publico 92



Lk

UNIVERSIDAD
DEGRANADA

I. CASOS DE ESTUDIO

disease. Both long-term and short-term exposure to PM are associated with
morbidity and mortality from cardiovascular and respiratory diseases (World Health
Organization, 2021).

Different modes of transport are associated with specific effects of bad air
conditions on health (Alemdar et al., 2021; Kahlmeier et al., 2017), for instance, the
private car is recognized as the most polluting mode of transport (Grindlay et al.,
2015; Instituto Nacional de Ecologia y Cambio Climatico, 2020, 2020). Recently,
urban policies in large metropolises have promoted active transportation modes
through investments in infrastructure, in particular, for improvements for pedestrians,
cyclists, and users of mass transport systems. However, active modes, such as
walking, cycling, and accessing public transport stations or bus stops, involve a
physical effort (Mageau-Béland & Morency, 2021; Morency et al., 2011). Thus, the
activity involved for these modes requires more inhalation and, consequently, users
are more sensitive to air quality (Adams et al., 2016; Peng etal.,, 2021). The
integration of public and nonmotorized transport networks in cities, as well as the
reduction of the use of private cars, will contribute to minimizing the health risks to
pedestrians, cyclists, and mass public transport users and promote sustainable cities
(Balderas Torres et al., 2021).

This study proposes a novel methodology to estimate the exposure of users of
active modes to air pollution. It also seeks to give information to these users on
healthier threshold hours for walking or cycling. This new methodology involves
addressing the relationship between two objects of study, i.e., the users of active
modes and air quality, assessing the spatiotemporal concurrence of both objects
with the statistical analysis of large open-access databases, to support healthy and
sustainable urban mobility. This study carried out an empirical analysis in the

Guadalajara metropolitan area (GMA), Mexico.

This metropolis is one of the most polluted in the country and in Latin America
(Jalisco, 2019). Moreover, the city is susceptible to pollution impacts, since

nonmotorized and public transport journeys predominate in the city’s modal split by
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40% and 37%, respectively. This suggests that at least two-thirds of the population,

the active mode users, may be vulnerable to poor air quality conditions.

This fact shows the importance of cross-temporal and spatial studies to identify
the pollution impacts on city inhabitants. This is also recognized in existing literature
(Achebak et al., 2021; Alemdar et al., 2021; Bhat et al., 2021; De Jesus et al., 2020;
Iglesias-Merchan et al., 2021; Jia et al., 2021; Shogrkhodaei et al., 2021; Sullivan &
Pryor, 2014; N. Xia et al., 2021). Despite studies in Europe (Alemdar et al., 2021;
Cheng et al., 2021; Lejda et al., 2017; Qazi et al., 2021), there is a lack of analysis
of large databases of temporal exposure to air pollution concerning active mode

users in Latin American metropolises.

A great number of users were expected to be exposed due to the historical poor
air quality episodes in the city and the high number of active mode users.
Nevertheless, the results showed that this number was smaller than initially
assumed. Even though the relative figures were low, the absolute number of users
exposed should prompt the adoption of public policies to protect them, such as the
reduction of automobile dependency and the promotion of active transportation
modes in the city, benefiting the entire population.

This article is structured as follows. The study area is defined in Section 2, with a
focus on the air quality monitoring system’s areas of influence, the bicycle share
system, and the bus rapid transit (BRT) system. The materials and methods are
presented in Section 3, followed by the results in Section 4. The discussion and

conclusions are included in Sections 4 and 5, respectively

Study area

The study area was defined by the overlap between the active mode stations where
data were available and the area of influence of the air quality monitoring stations
(AQSs) of the Jalisco Atmospheric Monitoring System (SIMAJ, from its initials in
Spanish) in the GMA.
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The Guadalajara Metropolitan Area: Geographical and mobility context

The GMA is the capital of the Jalisco province. It is an urban area of 5.2 million
inhabitants in western Mexico (INEGI, 2020a), comprising nine municipalities:
Guadalajara, Zapopan, San Pedro Tlaguepaque, Tonal4, El Salto, Tlajomulco de
Zuhiga, Juanacatlan, Ixtlahuacéan de los Membrillos, and Zapotlanejo. As shown in
Figure 10, the city is surrounded by mountains to the northwest, west, and
southeast. The prevailing wind circulates west-southwest, combined with a “chimney
effect” caused by north-northeast winds (Secretaria del Medio Ambiente y Desarrollo
Territorial, 2014), increasing the pollutant concentrations in the south-southeast

sector of the city.
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Figure 10. Air quality monitoring stations and active modes stations in the
Guadalajara Metropolitan Area, Mexico

The Figure shows air quality monitoring stations (AQSs) of the Jalisco Atmospheric
Monitoring System (SIMAJ, from its initials in Spanish) and their area of influence (Al),
the stations of the bicycle share system (MiBici), conventional bus stops, and stations of
the Urban Electric Train System (SITEUR, from its initials in Spanish), i.e., light rail
transit (LRT), bus rapid transit (BRT), and high-quality buses (HQB). Source: authors
based on (IMEPLAN, 2018, 2020; INEGI, 2014, 2015a, 2015b, 2020b).
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The metropolitan area has a semiwarm climate, with some heat island episodes.
There are temperature inversions in the city on 78% of the days of the year, mainly
between November and June. This phenomenon favors the formation of Os and
makes it difficult for volatile compounds such as PMio to disperse. However, the
situation improves in the rainy season (June—August) as the pollutants, mainly the
PMao, suspended in the atmosphere precipitate (Secretaria del Medio Ambiente y

Desarrollo Territorial, 2014).

Air quality is a growing concern in the GMA. Quantifying and monitoring air
pollution is the first step to reduce exposure to air pollution (World Health
Organization, 2021). The local government monitors the air quality through the
SIMAJ (Secretaria del Medio Ambiente y Desarrollo Territorial, 2021) and offers real-
time air pollution measurements. Figure 10 shows the ten fixed AQSs. The AQSs
measure the concentration of five pollutants (CO, PMio, Oz, SO2, NO2) as well as
meteorological variables (ambient temperature, relative humidity, and wind speed
and direction). The data are used as the input for the announcement of

environmental alerts in the city

Figure 10 shows the heterogenous spatial pattern of the AQSs that partially
assess the ambient pollution in the metropolis. Juanacatlan, Ixtlahuacan de los
Membrillos, Tlajomulco de Zuhiga, and Zapotlanejo are mostly outside the SIMAJ’s
area of influence, while El Salto, Tonala, Tlaquepaque, and Zapopan are only partly
inside this area. Only the Guadalajara municipality has acceptable coverage by the
SIMAJ.

According to the National Institute of Ecology and Climate Change (Mexico)
(2020), in 2019, the number of days on which the maximum recommended
thresholds were exceeded, in at least one parameter, for any pollutant in the GMA
was 267 days. This is 6% more than the number registered in 2018 and represents

two thirds of the year with excessive levels of air pollution. The figures in Table 5

Ambient pollutants in the Guadalajara Metropolitan Area in 2019
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reveal that PMio and Os are the pollutants that most frequently exceed the
standards. Given these figures, this study focused on PM1o and O3 as the pollutants

to be analyzed.

Table 5

Ambient pollutants in the Guadalajara Metropolitan Area in 2019

Pollutant Assessment Unit  Value Standard Number of days
[NOM-Mexico]  above standard
Os 8 hours ppm  0.146 0.070 39.50%
PMao 24 hours ug/ms 261 75 41.10%
CcoO 8 hours ppm 3.6 11 N/A
NO2 1 hour ppm  0.203 0.210 N/A
SO2 8 hours ppm  0.013 0.2 N/A

N/A: Non-applicable; ppm = parts per million.

Source: authors, based on (Instituto Nacional de Ecologia y Cambio Climatico, 2020).

Private vehicles are recognized as the main source of ambient air pollution in
cities (Landrigan, 2017), and the GMA is no exception (De Quevedo Garcia Najar
etal.,, 2017; Zuk et al., 2007). Between 1980 and 2010, the low-density urban
development paradigm in the city increased individual motorized trips by more than
942% (Jalisco, 2019).

Mass transport systems are recognized as a solution for sustainable transport
development (Lejda et al.,, 2017) and a catalyst for better air quality, despite the
negative impacts during their construction (Qazi et al., 2021). Nevertheless, their
contribution to the GMA modal share is very limited. According to the Jalisco State
Government (2019), 37% of the trips in the GMA are made on foot, 3% by bicycle,
37% by public transportation, and 23% by private vehicles. The mass transport
systems barely contribute, with only 3% of the modal share. It is recognized that

commuting on foot and by bicycle can significantly reduce urban pollutant emissions
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(Chen etal.,, 2021; Rojas-Rueda, 2021). According to the National Institute of
Statistics and Geography (INEGI, from its initials in Spanish) (2020a), 25% of
dwellings in the GMA have a bicycle as a potential means of transportation. This
figure contrasts with the contribution of cycling to the modal split in the city (ITDP,
Institute for Transportation and Development Policy. Mexico et al., 2021).

Historically, cars have been favored in the GMA with large infrastructure
investments. Recently, the government, motivated by community associations and
academic institutions, has promoted a sustainable mobility paradigm, particularly
through active modes, e.g., improvements to the network of bike lanes, the
expansion of the bicycle share system (known as MiBici), as well as the
enhancement of the Urban Electric Train System (SITEUR, from its initials in

Spanish).

MiBici is the public bicycle share system in the city, established in 2014 and
recognized as one of the best bicycle share systems in the country in 2019 (ITDP,
Institute for Transportation and Development Policy. Mexico et al., 2020). The
system serves more than 86,000 cyclists through 3200 bicycles and 300 stations
(Gobierno del Estado de Jalisco, s. f.) Balderas et al. (Balderas Torres et al., 2021)
state that one of the main reasons users choose MiBici is the low cost compared
with other transportation modes. The Ciclocities Ranking 2019 (2020) states that the
local governments of Guadalajara, Zapopan, and Tlaguepaque have enhanced the
cycling infrastructure by deploying public specialists in mobility and by giving it

priority in planning bodies.

Figure 10 shows that the spatial distribution of MiBici is located mainly in
Guadalajara, to a certain extent in Zapopan, and very little in Tlaguepaque. This
network is nonexistent in the rest of the GMA municipalities. Cycling represents
around 2% of the total modal split in the GMA (2021). The peak hours of use of the
MiBici system are 8:00 a.m. and 6:00 p.m. According to Jalisco Como Vamos (2020),
MiBici registered an average of more than 2.8 million annual cycling trips in the
period 2014-2020. The same source reports that the kilometers of bicycle lanes
increased five-fold between 2015 and 2020, totaling 182 km. The highest number of
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trips since the operation began was in 2019, with 4,660,470 trips taken by more than
27 thousand users, with an average travel time of 12:32 min (Gobierno del Estado
de Jalisco, s. f.). The heterogeneous spatial distribution of MiBici shows a west—east

pattern limited to the core of the city (Figure 1).

The SITEUR has operated since 1989. The public carrier serves more than 98.5
million passengers a year through 121 stations, i.e., 3.23% of the total modal split in
the city, mainly with LRT and BRT (Jalisco, 2019). This study counted the BRT Line
1 passengers, due to the data availability when this research was conducted. The
BRT Line 1, known as Mi Macro Calzada, is 16.6 km long with 27 stations, and has
been in operation since 2009. It accounts for 30.3% of SITEUR trips. The main line
plus the 15 feeding lines served 44.2 million passengers in 2020, (SITEUR, 2020a)
with a five-minute frequency (morning peak hour) (SITEUR, s.f). As shown in
Figure 10, the BRT is north—south oriented and only serves the Guadalajara

municipality up to the Tlaquepaque boundary.

The Jalisco Atmospheric Monitoring System’s area of influence

The study area was determined by the SIMAJ’s coverage and the data availability
on an hourly basis. The spatial distribution of the AQSs does not cover the GMA’s
entire urban footprint, as shown in Figure 10. Moreover, according to the SIMAJ
(Secretaria del Medio Ambiente y Desarrollo Territorial, 2018), the AQSs have a two-
kilometer area of influence, for which real-time hourly measurements for PMio
concentrations in micrograms per cubic meter and Os in parts per million are

recorded; these concentrations are used to calculate their related AQIs

The spatial concurrence between the AQSs’ areas of influence and the active
modes of transport stops/stations was identified through a geographic information
system (ArcGis Pro, ESRI®). The calculations included 10 AQSs, 287 bike share
stations, 9073 conventional bus stops, 77 BRT stations, and 48 light rail transit
stations (IMEPLAN, 2018, 2020).

Air quality monitoring data affecting most of the active mode users were not
available. Figure 11 highlights the narrow coverage of the AQSs with respect to the
active mode stops/stations. Thirty-seven percent of the MiBici stations, 28% of the
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conventional bus stops, 44% of the BRT stations, 22% of the high-quality bus stops,
and 38% of the light rail train stations were outside the area of influence of the AQSs
in the city. Only 107 of the MiBici stations were included in the area of influence of
four AQSs: Atemajac, Centro, Tlaguepaque, and Vallarta. Similarly, only twelve BRT
stations were considered for this study, as they fell inside of the AQSs’ areas of
influence. Specifically, the BRT stations located within the area of influence of the
Centro AQS were Ciencias de la Salud (10), Juan Alvarez (11), Alameda (12), San
Juan de Dios (13), Bicentenario (14), La Paz (15), and Nifios Héroes (16). The
stations in the area of influence of the Miravalle AQS were Lépez de Legazpi (23),
Clemente Orozco (24), Artes Plasticas (25), Esculturas (26), and Fray Angélico (27).

Unfortunately, no data for the conventional and high-quality buses or the light rail
trains were available on an hourly basis. Thus, due to the SIMAJ’s spatial pattern,
together with the data availability, five AQSs, 107 MiBici stations, and 12 BRT

stations were considered for the computations.
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Figure 11. Study area

The figure shows the area of influence (Al) of the air quality monitoring stations (AQSS)

managed by the Jalisco Atmospheric Monitoring System (SIMAJ, from its initials in

Spanish). The map highlights the active mode stations considered in the study, i.e., 107

stations of the MiBici bicycle share system and 12 bus rapid transit (BRT) stations.
Source: authors based on (IMEPLAN, 2018, 2020; INEGI, 2014, 2015a, 2015b, 2020b).

Data sources and methods

The WHO states that using large yearly databases allows outcomes to be refined,

taking into account seasonal variations (Kahlmeier etal., 2017). The analysis
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assessed data from the selected stations in 2019. This year was chosen as the
reference year to prevent misrepresentation due to changes in travel behaviors
caused by the COVID-19 pandemic in 2020 and 2021. An hourly time scale was
selected due to the Oz and PMio temporal behavior, and data availability. This study
benefited from open data availability for all AQSs (Secretaria del Medio Ambiente y

Desarrollo Territorial, 2018), particularly for Oz and PMzo.

Nonmotorized modes and public transport account for 77% of trips in the city
(Jalisco, 2019). Disappointingly, no data on pedestrian trips were available, nor trips
made by privately owned bicycles. The MiBici open data system (Gobierno del
Estado de Jalisco, 2021) was accessed to obtain the total trip registers to or from
any of its anchoring stations for 2019. The SITEUR reported the number of
passengers entering the BRT stations hourly (SITEUR, 2021b). No data for light rail
trains were available at the required accuracy.

As a consequence of data availability, hereinafter, the term “active mode users”
refers to trips via MiBici and pedestrians accessing BRT stations in the areas of
influence of AQSs. Table 6

Sources of data on air quality monitoring and active transportation modes in the
Guadalajara metropolitan area in 2019 shows data sources and recording frequency

for each kind of station computed in this study, i.e., AQS, MiBici, and BRT.
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Table 6

Sources of data on air quality monitoring and active transportation modes in the Guadalajara metropolitan area in 2019

: Temporal Number of
Station Data : Source
Basis * Records

Ministry of the Environment and Territorial Development
Air quality Osand PMz1o concentration Hour 87,600 (Semadet, Jalisco, Mexico) SIMAJ (Secretaria del Medio
Ambiente y Desarrollo Territorial, 2018, 2021)

Government of the State of Jalisco, Mexico: MiBici

Active Bicycle in—out anchors Minute 2,388,884 . .
(Gobierno del Estado de Jalisco, 2021)
transportation
Passengers coming into the Urban Electric Train System, Guadalajara (SITEUR,
mode Hour 105,120

BRT station 2021b)

* For the year 2019.
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A statistical spatiotemporal approach was used. The year 2019 was chosen as
the most recent year without potential changes to travel behaviors due to the COVID-
19 pandemic (Jalisco, 2019). Figure 12 shows the conceptual model used to identify
the number of active mode users exposed to poor air quality episodes in the
reference year. First, the active mode database was organized to identify the number
of active mode users in the AQSs’ areas of influence, on an hourly basis. Then, the
number of episodes per hour in each AQS area was assessed using the air quality
index (Environmental Protection Agency, 2021). Finally, the concurrence between

pollutants and users of active transportation modes was assessed.
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Figure 12. Conceptual model

Active modes analyzed were bicycle share system and bus rapid transit (BRT). Pollutants computed were ozone (O3) and
particulate matter (PM10). Air quality index (AQI) refers to the Environmental Protection Agency index (2021). The word

“users” refers to both bicycle trips and BRT passengers.
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Active mode data management

Data from the 107 MiBici stations were used to calculate the number of trips per hour
linked to each AQS. The data were managed using Python programming language
and Pandas, among other libraries. The following assumptions were made to
compute bicycle trips and create a database that would be compatible with AQS
data. First, one hour was added to the temporal data. Second, bicycle trips traveling
at least one minute inside the AQS’s area of influence were quantified as one trip in
the corresponding hour. Third, the cyclists were exposed to air quality episodes both
when starting and ending the trip at the station, and thus counted twice. However, if
a cyclist started and finished the trip at stations linked to the same AQS, it was

counted as only one trip.

The SITEUR also provided hourly data on people accessing the 12 selected BRT
stations. There were no data for passengers leaving the stations; these results were
underestimated, since BRT users were only counted as passengers accessing the

BRT and not as pedestrians after their transit journey.

Allocation of episodes by AQI category

AQI was assessed to allocate a category of Oz and PMao pollution in the five AQSs
studied. The AQI was designed by the EPA (Environmental Protection Agency,
2016b), and calculations were performed using the MATLAB programming
language.

First, moving averages of pollutant concentrations were calculated for 8 and 24 h
time windows, for Os and PM1o, respectively. The AQI was calculated by substituting

the moving averages directly in

Equation 5. Next, the AQI was classified according to the established categories
described in the introduction (Section 1). Finally, the number of episodes in AQI
categories 3, 4, and 5 were linked to AQSs for each hour of the year; these three

categories correspond to poor air quality episodes.
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Equation 5
Air Quality Index
AQI = [(AQIHi - AQlLo)/(ConcHi - Concro)] X (Conci- concro) + (AQILo) (5)

where
Conci = Input concentrations for a given pollutant
ConcLo = The concentration breakpoint that is less than or equal to Conc;
Concri= The concentration breakpoint that is greater than or equal to Conci
AQILo = The AQI value/breakpoint corresponding to ConcLo

AQIHi = The AQI value/breakpoint corresponding to Conci

Concurrence analysis

The concurrence analysis implied stratified computations of two inputs: first, for the
number of MiBici trips and BRT passengers per hour in the five AQSs’ areas of
influence; then, for the number of poor air quality episodes falling into categories 3,
4, or 5. It was assumed that the entire study area had the same compensation to
calculate exposure to pollutants. The concurrence analysis was computed with
dynamic tables on a spreadsheet (Excel, MSOffice®), associating spatiotemporal
correspondence. As a result, the number of active mode users exposed to category

3, 4, or 5 episodes was estimated, both for Oz and PMao.

Results

Active mode data management

As expected, the number of passengers who walked to access the 12 mass transport
BRT stations was higher than the number of trips logged at the 104 MiBici stations,
that is, 20,028,250 and 2,388,884, respectively. Figure 13 displays the number of
annual active mode users studied on an hourly basis. Figure 13a shows that most

of the MiBici trips were in the area of influence of the Centro AQS. All stations
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registered two peak hours, i.e., 9:00 and 19:00. At 9:00, there were 131,608, 17,005,
and 41,602 trips in the area of influence of AQS Centro, Tlaguepaque, and Vallarta,
respectively. These figures increased at 19:00 in the same areas of influence, that
is, 153,314, 21,062, and 58,179 trips, respectively This was concurrent with the
standard working hours in the city. In addition, the trips linked to the Centro station

also showed a peak hour at 14:00 (lunch time), i.e., 129,274 trips

The spatial pattern of the BRT passengers was similar, although the stations that
contributed to the peak hours were clearly distinguished. Figure 13b shows the three
peak hours at the BRT stations in the area of influence of the Centro and Miravalle
AQSs, that is, between 8:00 and 9:00, between 14:00 and 15:00, and between 19:00
and 20:00. Of the 20 million passengers using these stations, 60% were in the area
of influence of the Centro AQS and 40% in that of the Miravalle station, i.e.,
12,208,712 and 7,819,538, respectively. Moreover, it was shown that 1,832,788
passengers walked to reach BRT stations in the vicinity of the Miravalle AQS
between 8:00 and 9:00, and 2,152,791 passengers accessed BRT stations around
the Centro AQS between 19:00 and 20:00. This can be explained by the fact that
the former AQS serves a mostly residential area, while the latter serves areas with

a high density of workplaces, particularly retail trade and public services.
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Figure 13. Active mode users and poor ozone (Os) or particulate matter (PMuo)
episodes in the study area on an hourly basis

The order of magnitude between figures must be considered to properly compare them.
(a,b) refer to the annual number of MiBici trips and Bus Rapid Transit (BRT)
passengers, respectively. (¢, d) show the number of days with episodes within the worst

air quality index (AQI) categories for Oz and PMag, respectively.

Allocation of episodes by AQI category
The AQI calculations emphasized categories three, four, and five. According to the
EPA, categories four and five strongly affected users in active modes. No consensus

was found regarding the impact of category three episodes on active mode users.
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Even though the Environmental Protection Agency does not explicitly include cyclists
as a sensitive group, some organizations promote the use of face masks for cyclists
riding within areas in AQI category three. Thus, this category was computed to

account for cyclists’ exposure to pollutants

For the studied area, only the Tlaquepaque AQS recorded PMio data in 2019.
Thus, the PM1o results are not included in this section, since the calculations were
not representative of the phenomenon in the study area. However, it is important to
note that in the south-southeastern AQSs of the city (Santa Fe, Las Pintas, and
Tonald), more high-PMio-concentration episodes are usually recorded but there
were no available records of users of active modes of transport for their areas of
influence. Figure 13c shows the temporal pattern of the AQI on an hourly basis. The
results showed that the worst O3z concentrations were between 17:00 and 23:00, as
expected for Os behavior. The worst air quality episodes, adding the three AQI
categories together, were recorded at 19:00 on 227 days. Table 7 shows the total
number of episodes in the three AQI categories and the percentage of episodes
accounted for by the five SIMAJ stations in the study area with respect to the entire
GMA. PMio was not representative of the phenomenon, due to the scarce data

assessed, and hence was dismissed.

Table 7

Days with poor air quality episodes in 2019 on an hourly basis

AQI 31 AQI 41 AQI 5!
Pollutant _ _ _
[episodes?] [% %] [epipsodes?] [% 3] [episodes?] [% 9]
O3 993 55.19 342 52.31 96 59.26
PMio 1 7.14 3 100 0 0

L Air quality index (AQI) category according to EPA; 2number of episodes in the

corresponding AQI category, on an hourly basis in 2019.
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Few MiBici and BRT users within the study area were exposed to Oz and PMio

episodes in categories three, four or five of the AQI during 2019, that is, less than

1.48% and 0.87%, respectively. Table 8 shows the spatiotemporal match between

the pollutant episodes and the active mode users. The difference between the two

modes in the order of magnitude of the figures is explained by the modes’ attributes:

MiBici is unipersonal and BRT is mass transport.

Table 8

Active transportation users exposed to O3 and PM10 in the study area

MiBici BRT MBici + BRT
Total AQIt 2,388,884 20,028,250 22,417,134
users
Os 3 28,469 1.19% 145,468 0.73% 173,937 0.78%
4 6,467 0.27% 27,761 0.14% 34,228 0.15%
5 43 0.00% 18 0.00% 61 0.00%
Total 34979 1.48% 173,247 0.87% 208,226 0.93%
PMuio 3 431 0.02% 0 0.00% 431 0.00%
4 69 0.00% 0 0.00% 69 0.00%
5 0 0.00% 0 0.00% 0 0.00%
Total 500 0.02% 0 0.00% 500 0.00%
Os+ All
PMio  categories 35479 1.50% 173,247 0.87% 208,726 0.93%

L Air quality index (AQI) category according to EPA.

The results show that only 0.24% and 0.14% of MiBici and BRT users in the study

area were exposed to unhealthy or very unhealthy levels of concern, i.e., categories

four and five. However, the figures become relevant when analyzed in absolute

terms. More than 200,000 active users were exposed; this is almost 35,000 and
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173,000 MiBici and BRT users, respectively. Only 22 cyclists were riding and 18
pedestrians were accessing BRT stations while category five Oz episodes occurred,
and this occurred only in the area of influence of the Miravalle AQS, as shown in
Figure 14. Nevertheless, more than 30,000 active mode users were exposed to

category four O3 episodes.
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Figure 14. Spatiotemporal concurrence of air quality episodes and active mode
users in 2019.

Figures summarize ozone (Os) and particulate matter (PM10). Source: authors based on
(IMEPLAN, 2018, 2020; INEGI, 2014, 2015a, 2015b, 2020b).
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Although these figures are modest in the context of the metropolitan area’s overall
trips, it should be considered that, in this study, active transportation modes only
served a small fraction of the urban area in the metropolis, due to the limited area of
influence of the AQSs in the city (Figure 14).

More than two hundred thousand active users were exposed to Os. In contrast,
the exposure to PMio affected fewer than 500 passengers, due to the lack of data
for this pollutant in most of the AQSs. According to the daily temporal pattern, most
of the exposure occurred in the afternoon. Fewer than 10% of the total users were
exposed to pollutant episodes in categories three, four, or five.

Discussion

According to the novel methodology proposed, the data availability determined the
estimation of the exposure of active mode users to air pollution. In the case of the
GMA, the spatial and temporal data accuracy of active modes and air quality was
limited. On the one hand, MiBici data were accessible and well structured. Thus, the
spatiotemporal data precision allowed deep analyses of this active mode. In contrast,
no data on pedestrian flows were available at all. Additionally, regardless of the great
potential of data analysis from smart cards already proved in other cities (Pelletier
et al.,, 2011), neither bus nor light rail train data were available at the required
accuracy. Only data on passengers accessing BRT stations were obtained on an
hourly basis. All these active modes data limitations led to an underestimation of the

real situation

On the other hand, the gaps in the air quality data were a consequence of the
heterogeneous spatial distribution, the small number of AQSs, and their temporal
lack of operation (Jalisco, 2019). First, the spatial distribution and the 2 km area of
influence of the AQSs resulted in the assessment of only 18.63% of the GMA urban
fabric. This spatial restriction dismissed most of the MiBici and BRT stations.
Second, PMio was assessed only by the Tlaquepaque AQS; thus, the results of this

pollutant were underestimated.

Despite the data availability limitations in the GMA, the results allowed the trends

of the mobility and the temporal exposure of cyclist and BRT users to air pollution to
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be successfully identified. Concerning the mobility patterns, two tendencies were
identified. First, the BRT stations located in residential areas were largely used in
the morning, while the downtown stations were predominantly used at lunchtime and
in the evenings. The trips are generated by the concentration of economic activity
(INEGI, 2019a). This trend confirms other studies’ results showing that cycling and
BRT trips are mainly used for commuting to work (Rosas Gutiérrez et al., 2020).
Second, results showed that active mobility was concentrated around the central
AQSs, confirming that a high centrality in cities promotes mobility concentration in
the downtown area where the main economic activity is concentrated (D. A. Hensher
et al., 2015), as in other metropolises in Latin America (Mora et al., 2021; Rosas-
Satizabal et al., 2020).

The results for the temporal exposure of cyclists and BRT users to air pollution
showed that users traveling in the evenings, i.e., from 18:00 to 21:00, were more
exposed to air pollution than users travelling at other hours of the day, similar to
other empirical cases in Latin America (Belefio Montagut & Colegial Gutierrez, 2018;
Pinzén & Arias, 2013).

Conclusion

The link between air quality and active transportation modes assessed in this study
is recognized locally and worldwide (Alemdar et al., 2021; Lejda et al., 2017). When
using active transportation mode systems, such as MiBici and SITEUR, people
perform physical activity, contributing to their health (Rojas-Rueda, 2021, p.).
However, cyclists, pedestrians, and transit users are susceptible to traffic injuries (P.
Xu et al., 2019; X. Xu et al., 2016) and environmental pollution (Y. Sun & Mobasheri,
2017). This research focused on the latter.

The study estimated the exposure of active mode users to air pollution and
identified the healthier threshold hours for walking or cycling in the GMA. It is
extremely important to protect pedestrians, cyclists, and passengers of public
transport from ambient pollution in a context such as the GMA, where more than
70% of trips are made on foot or by nonmotorized vehicles, buses, or mass transport

systems.
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The number of exposed users was small, since the results revealed that 208,660
users of MiBici or BRT, i.e., less than 10%, were exposed to the worst categories of
the AQI in the study area, mainly within category three. Furthermore, according to
the results, cyclists and pedestrians may reduce their exposure to poor air quality
episodes when traveling before 18:00 and after 21:00.

The 13t Sustainable Development Goal (SDG) seeks to bring down the levels of
atmospheric pollution by shifting from private motorized modes to active
transportation (Shogrkhodaei etal., 2021; United Nations (UN), 2015). The
proposed methodology can be applied in other metropolitan areas to provide key
information for sustainable mobility and air quality contingency plans in the context
of this SDG (Figueredo et al., 2018).

The empirical application of the methodology led to three general suggestions for
cities seeking to reach SDGs. First, spatiotemporal data of active mode users should
be recorded and made available as open-access data, according to worldwide trends
(Glaeser et al., 2015; «The Promise of Open-Source Intelligence», 2021). Next, air
quality monitoring systems should properly assess the air quality in the metropolis.
Finally, urban planning, mobility, and environmental and public health policies should
be coordinated and should fully adopt the current urban sustainability paradigm

(Landrigan, 2017; Ochoa-Covarrubias, Molero-Melgarejo, et al., 2021).

The results did not apply to the whole metropolitan area due to methodological
and data deficiencies: the limited area of air quality monitoring due to the spatial
distribution of the AQSs; the lack of active mode users’ data; the underestimated
calculations as a consequence of the gaps in the PM1o data; and the lack of data
from pedestrians, conventional buses, and light rail train users. Despite the
limitations in the data availability for the study area, this methodology can be
replicated in other urban areas to support decision making in the generation of public
policies for the benefit of active mode users and to promote safe and healthy active

mode trips, thus contributing to sustainable mobility in cities.
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1. Introduction

Equitable accessibility to university facilities (UFs) guarantees social fairness in eco-
nomic opportunities [1]. Students suffer transport-related social exclusion when transport
services are non-existent or severely restricted [2] due, for example, to the distance to
reach them [3] or the limited multi-modal transport options [4]. According to Litman [5],
equity refers to the fairmess with which benefits are distributed. The spatial equity of
accessibility is the provision of consistent access throughout a geographic space. Since
Wachs and Kumagai [6], up to the present day, the equity of accessibility has been a subject
of research interest [7-10] and, more recently, public policies [11].

The literature concerning accessibility is extensive [7,8,12-18], along with empiri-
cal reviews worldwide [19-25] and in Latin America [26-39]. Nevertheless, there is no
consensus on the definition of accessibility [15,40], mainly due to its relationship to the

() multidimensionality of transport equity. In this study, accessibility was defined as the
Copyright ©2020by the suthors. Li possibility to reach a station/stop (henceforth ‘node’) of a sustainable transport mode from
arsce MDPL Basel, Swi . Vo UFs. Three elements are included in this definition, ie., the number of destinations around

artick is an open acess article distributed
under the terms and conditions of the
Creative Commons A ttribution (CC BY)
license (hitps:/ / ceativecommens. ot/
licenses/by /40/ )

the UFs; the ease to reach them by walking or cycling within a walking-time threshold; and
the quality of each node, as defined by the number of routes and bicycle lanes.

Access to sustainable transport mode (STM) infrastructure from universities is fun-
damental in order to reduce the social exclusion of students in the current era of the
sustainable mobility paradigm [41]. The promotion of STMs in the vicinity of UFs, e.g.,

Sustainahility 2021, 13, 5. https:/ /dx.doi.org/ 10.3390/ sul13010055
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Abstract
The equitable accessibility to higher education favours social fairness in economic

opportunities.

This paper provides an empirical approach to the assessment of the (in)equity of

accessibility

from universities to sustainable transport modes: Light Rail Transit, Bus Rapid

Transit, buses, and bicycle

infrastructure in the Guadalajara Metropolitan Area (Mexico). In particular, the study
designed and calculated an Access to Sustainable Transport from University Index
by combining governmental and crowdsourced open-access Data. It used spatial
analysis techniques within a Geographic Information Systems environment, and
multivariate statistical methods such as Principal Component Analysis and Cluster
Analysis. The findings highlight the weakness in the accessibility to sustainable
transport modes from the universities in the Metropolitan Area. Furthermore, this
study revealed an unfavourable bias in the location of sustainable transport
stations/stops in the vicinity of public universities. The results provide a methodology
and empirical evidence for transport policy makers to reduce inequalities and
therefore transport-related social exclusion in this under-represented, but socially

relevant, student community.

Keywords

Accessibility; social exclusion; university; inequity; sustainable transport; principal

component analysis; geographic information system; crowdsourcing; open-access

data

Introduction

Equitable accessibility to university facilities (UFs) guarantees social fairness in
economic opportunities (Astakhova et al., 2016). Students suffer transport-related
social exclusion when the transport service is non-existent or severely restricted

(Kelobonye et al., 2019) due, for example, to the distance to reach it (J. Xia et al.,
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2016) or the limited multi-modal transport options (Guthrie et al., 2019). According
to Litman (2002) equity refers to the fairness with which benefits are distributed.
Spatial equity of accessibility is the provision of consistent access throughout a
geographic space. Since Wachs and Kumagai (1973) up to the present day, the
equity of accessibility has been a subject of research interest (Kenyon, 2002; Kenyon
et al., 2002; Litman, 2012; Lucas, 2019) and, more recently, public policies (SEU,
2003).

The literature concerning accessibility is extensive (Bertolini et al., 2005; Cervero,
1997; Guthrie, 2018; Handy, 2020; Kamruzzaman et al., 2016; Kenyon, 2002;
Kenyon et al., 2002; Schwanen et al., 2015; Talavera-Garcia & Valenzuela-Montes,
2018), along with empirical reviews worldwide (Cheng et al., 2020; Ermagun &
Tilahun, 2020; Gutiérrez-Puebla et al., 2002; Guzman etal.,, 2017; Lamiquiz
Daudén, 2011; Pritchard et al., 2019; Stepniak et al., 2019) and in Latin America
(Bocarejo S. & Oviedo H., 2012; Calonge Reillo & Aceves Arce, 2019; Esquivel-
Cuevas et al., 2013; Grindlay et al., 2018; Guzman & Oviedo, 2018; Jaramillo et al.,
2012; Lizarraga, 2012; S. Medina & Patlan, 2016; Montoya-Robledo & Escovar-
Alvarez, 2020; Pereira, 2019; Shirahige & Correa, 2015; Teran-Hernandez, 2017,
UN-Habitat & Jalisco, 2017; Vecchio, Tiznado-Aitken, et al., 2020). Nevertheless,
there is no consensus on the definition of accessibility (Cohen, 2020; Handy, 2020)
mainly due to its relationship to the multidimensionality of transport equity. In this
study, accessibility was defined as the possibility to reach a station/stop (henceforth
node) of sustainable transport modes from UFs. Three elements are included in this
definition, i.e., the number of destinations around UFs; the ease to reach them by
walking or cycling within a walking time threshold; and the quality of each node, as
defined by the number of routes and bicycle lanes.

Access to sustainable transport mode infrastructure (STM) from universities is
fundamental to reduce the social exclusion of students in the current era of the
sustainable mobility paradigm (Vuchic, 2017). The promotion of STMs in the vicinity
of UFs, e.g., Light Rail Transit (LRT), Bus Rapid Transit (BRT), buses and bicycle
infrastructure, greatly benefits not only the students, but the city as a whole (UEA,

2012). First, students need STMs to commute to UFs, due to limited incomes and
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transport choices (Allen & Farber, 2018; Jalisco, 2020a). Second, the promotion of
STMs contributes to shifting the future travel behaviour of current students (Cattaneo
et al., 2018). Third, the sustainable mobility paradigm promotes more equity and
liveable cities (Oviedo & Guzman, 2020; UEA, 2012; Vecchio, Porreca, et al., 2020;
Vuchic, 2017).

The sharing mobility paradigm, e.g., park and ride (P&R) systems or bike-sharing
systems (BSS), are growing worldwide as a solution for sustainable mobility in cities
as a complete system. Macioszek and Kurek (2020) and Ibrahim et at. (2020)
analysed the use of P&R in Cracow (Poland) and Putrajaya (Malaysia), respectively,
as an option for improvement of accessibility to STM. In Warsaw (Poland), the BSS
is an element enhancing sustainable mobility (Macioszek et al., 2020). Politis et al.
(2020) studied the willingness to shift to BSS in Thessaloniki (Greece). They found
that BSS promotes sustainability since they are an active mode of transport.
Moreover, in the current COVID-19 pandemic, BSS is a safe mobility option
(Nikiforiadis et al., 2020). In accordance with these global trends, the individual
transport systems, e.g., assisted bicycles, segways and scooters, have been
integrated to the public policies in the GMA and they must operate in the city under
the principles of accessibility, equity and security (Criterios para la Prueba Piloto
relativa a la Implementacion de los Sistemas de Transporte Individual en Red en
sus diferentes modalidades para el Area Metropolitana de Guadalajara, s.f.;
Criterios para la prueba piloto relativos a la implementacion del sistema de bicicletas
sin anclaje en el Area Metropolitana de Guadalajara, s. f.).University students’
transport-related inequities have been studied in developed countries (Allen &
Farber, 2018; Cattaneo et al., 2018; Hancock & Nuttman, 2014; Lien et al., 2020;
Miralles-Guasch & Domene, 2010; Nash & Mitra, 2019; Pitsiava-Latinopoulou et al.,
2013; Ricciardi et al., 2015; Soltani et al., 2019; Stein & Grigg, 2019; Whannell et al.,
2012). Some authors have tackled the conceptual frame (Guthrie, 2018;
Kamruzzaman et al., 2016; Kenyon et al., 2002, 2002; Litman, 2002; Schwanen
et al.,, 2015; Wachs & Kumagai, 1973), while others have improved the concepts
through empirical studies worldwide (Cui et al., 2019; Guthrie et al., 2019; Hine &
Mitchell, 2016; Kathuria et al., 2019; Ozkazang & Ozdemir S6nmez, 2017; Ricciardi
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et al., 2015) and in Latin America (E. J. Miller, 2018; Pereira, 2019). Little scholarly
research was found to be published regarding this subject in developing countries
(Ansarey, 2016; Centro Mario Molina, 2016; Franco Cordero, 2014; C. Sun et al.,
2018), andvery little scientific evidence was found with regard to the (in)equity of
accessibility to sustainable transport means from UFs in Latin American cities. In
particular, few quantitative studies have explored university students’ travel needs in
the Guadalajara Metropolitan Area (GMA) (Garcia-Morales, 2020) where the urban
transport system clearly generates social inequities (Calonge Reillo, 2017c) in one
of the largest metropolitan areas in Latin America (UN-Habitat, 2012).

The aim of this empirical study was to measure inequity of accessibility to
sustainable transport as an indicator of student transport-related social exclusion in
the GMA. An Access to Sustainable Transport from University Index (ASTUI) was
calculated by measuring the access, in the vicinity of UFs, to ST nodes, i.e., LRT,
BRT and bicycle-sharing stations, as well as high-quality and conventional bus
stops. The ST nodes were weighted by means of Principal Component Analysis.
Thus, the ASTUI included the two main aspects of the broader concept of
accessibility, i.e. walking/cycling distance, and the number of nodes and their quality,

in terms of the quantification of the number of routes at each node.

This study provides methodological and empirical contributions. On the one hand,
the methodology included advanced spatial and statistical analyses using
crowdsourced open-access Data, i.e., data which was produced and reviewed by
the community. On the other hand, it also contributes to the understanding of mobility
in the GMA. The findings highlight the weakness in accessibility to sustainable
transport from the universities in the metropolitan area. Furthermore, this study
reveals an unfavorable bias in the location of sustainable transport stations / stops

in the vicinity of public universities.

This paper includes five sections. After this introduction, Section Two describes
the state of the art, the study area, the methodology and data for calculations of the
(in)equity of spatial accessibility from UFs to STMs. Section Three presents findings
of horizontal and vertical (in)equity by means of maps and charts. Next, Section Four
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includes discussions. Finally, Section Five provides conclusions, implications and

recommendations for further research.

Materials and Methods

Study area

The Guadalajara Metropolitan Area (GMA), the capital of the state of Jalisco -one of
32 states of the Mexican Republic-, has 4.5 million inhabitants spread over 3,365
square kilometres (IMEPLAN, s. f.) (Figure 15). The GMA is served by a multimodal
transport system network. In accordance with international trends, sustainable
transport means are promoted by university authorities as a way to reduce
environmental impacts to cities (Franco Cordero, 2014). Thus, the modes of
transport considered in this study were the LRT, the BRT, high-quality buses,
conventional buses and bicycles. According to SEDATU (2018), Jalisco is among
the states with the highest federal and local public investment in sustainable mobility

projects, particularly in public transport (PT) and bicycle lanes.
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Figure 15. The Guadalajara Metropolitan Area (GMA)

Source: Authors based on (INEGI, 2014, 2015a, 2015b, 2019b)

Figures Figure 16,Figure 17 and Figure 18 illustrate STM in the GMA. First, the
mass transport system known as SITEUR consists of three LRT lines, one BRT line
—a second BRT line is currently under construction—, known as Tren Ligero and
Macrobus, respectively. Second, high-quality buses, known as Sitren, and
conventional buses serve the city with 255 routes. Third, the bicycle-sharing system,

known as MiBici, encompasses 287 docking stations and a 194-km bicycle lane
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network. The outer suburbs are also served by other private on-demand transport

modes that are beyond the scope of this study.
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Figure 16. Mass Transport System in the Guadalajara Metropolitan Area (GMA).

Source: Authors based on (INEGI, 2014, 2015a, 2015b, 2019b; SITEUR, 2021a)
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Figure 18. Bicycle system network in the Guadalajara Metropolitan Area (GMA)

Source: Authors based on (IMEPLAN, 2020; INEGI, 2014, 2015a, 2015b, 2019b)

In contrast with students’ transport modal split in North American universities
(Franco Cordero, 2014), students in other regions have to rely on public transport or
bicycle for their commute to universities (C. Sun et al., 2018). Few modal split studies
of university students in the GMA were found. In accordance with the Jalisco
Government (2018), 20.5% of PT users in the GMA are students, but only 8.9% use
PT for school commuting there. Most students walk between 1 and 15 minutes to

reach their destination. Many students use their bicycles to complement their trips.
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Half of the students suggest improvements to schedules and frequency. Garcia-
Morales (2020) studied a sample of three universities with respect to their modal
split. The author states that the modal split varies from one university to another,
depending mainly on the accessibility to public transport and bicycle lanes in the
vicinity of the facility, as well as on the type of administration, i.e. public or private

organisation.

There are different sources regarding university statistics. According to INEGI
(2019a), there are 274 UFs in the GMA (Figure 19). Only 26% of them are publicly
financed, even though public and private universities serve 163,678 and 86,738
students, respectively (SEP, 2020). Both public and private universities provide
service to students with financial difficulties and most of the private universities have
scholarship programmes for underprivileged students, e.g. ITESO, where almost
half of the students receive financial aid. As shown in Figure 19, though the UFs are
distributed in the central municipalities of the GMA, there is a concentration of public
UFs in the central area and private ones are located mainly in the municipalities of
Guadalajara and Zapopan. The mid-south of the city is served by only a few public
UFs and the south, east and north of the GMA have few UFs.
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Figure 19. University facilities (UFs) in the Guadalajara Metropolitan Area (GMA)

Source: Authors based on (INEGI, 2014, 2015a, 2015b, 2019a, 2019b).

Methodology

Transport-related (in)equity is usually measured by means of accessibility (J. Xia

et al., 2016). Several methods for accessibility assessment were identified in the

literature to date. Most of the authors refer to four approaches, i.e., proximity-based
(Litman, 2002; UEA, 2012), also referred to as cumulative-based (Handy & Niemier,
1997; Pereira, 2019); gravity-based; user-based; and space-time approaches
(Kelobonye et al., 2019). In addition, Sun et al (2018) refer to “competition-based”

assessment at transport nodes. For further discussion of approaches to accessibility
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measurement, readers are referred to, among others, these authors (Al Mamun &
Lownes, 2011; Ben-Elia & Benenson, 2019; Delbosc & Currie, 2011b;
Ghorbanzadeh et al., 2020; Handy & Niemier, 1997; Levine, 2020; Litman, 2012;
Martinez & Viegas, 2017; E. J. Miller, 2018; Pritchard et al., 2019; Stepniak et al.,
2019).

In this study, the nodes, routes and bicycle lanes were counted as STMs. The
ASTUI was calculated by the proximity and competition-based methods. These
methods not only measure the total transport nodes available in an area within a
desirable walking or cycling time (Guthrie et al., 2019; Litman, 2002; UEA, 2012),
but also estimate the intensity of opportunities or their attractiveness (Handy, 2020).
The more routes there are at a stop, the more attractive it is. Thus, the ASTUI was
assessed by calculating the number of sustainable transport nodes, as well as the
number of routes or bicycle lanes available in the area of influence of each UF
(Litman, 2002; UEA, 2012).

Figure 20 illustrates the conceptual model of the ASTUI. First, the service areas
were calculated from the 274 UFs through the street network, which is a better
predictor of human behavior than just a Euclidian distance (Yenisetty & Bahadure,
2020). Then the accumulation of nodes and routes for each mode and service area
were spatially joined through a ModelBuilder® model within a Geographic
Information System. Next, these variables were examinated in a Principal
Component Analysis (PCA) from which principal components were proposed,
interpreted and selected. This method is used by the National Council for the
Evaluation of Social Development Policy (CONEVAL, 2019b). Finally, the ASTUIs
were calculated by means of weighted variables from the PCA.
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The data required for the ASTUI calculation were the street network, the UFs and

STM infrastructures. Table 9

Data sources lists the data used and the Open Data produced by the government
and crowdsourcing. The latter are continually verified by volunteers and improved by
peer reviewers. The software used to calculate the ASTUIs was a Geographic
Information System (GIS), well recognised as an effective modelling technique to
explore accessibility and network distances (O’Sullivan et al., 2000; J. Xia et al.,
2016; Yenisetty & Bahadure, 2020), particularly the Network Analyst module of
ArcMap Esri®. The StatGraphics® software was employed for the Principal
Component Analysis as well as the cluster analysis. First, the service areas and the
number of STM infrastructures were computed by means of Network Analysis. Then,
the weightings of variables were computed with StatGraphics®. Finally, the

inequities were analysed, through clusters.

Table 9

Data sources

Data Source

Street Network OpenStreetMap, October 2020 (OpenStreetMap
contributors, 2020)

University Facilities National Statistical Directory of Economic Units
(INEGI, 2019a)

Mass Transport* and  Light Rail System (SITEUR, from its initials in Spanish)
High-quality Buses (SITEUR, 2020b, 2020a, 2020c)

Conventional Buses Metropolitan Planning Institute (IMEPLAN, 2018)
Bicycle-sharing Stations Metropolitan Planning Institute (IMEPLAN, 2020)

and Lanes

*Mass Transport data included lines, stations, stops, frequency and vehicle capacity.
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The calculation of the ASTUIs required specifying the time threshold that the
students are willing to walk or cycle, and the attractiveness of each node and route.
Despite the sensitivity and importance of this criterion, there is a lack of consensus
on the distance that people are willing to walk to reach public transport in a complex
context such as the GMA (Talavera-Garcia & Valenzuela-Montes, 2018). To the
authors’ best knowledge, there is no standard of accessibility that is broadly
accepted and used in urban and transport planning. Since the Transit Oriented
Development (TOD) paradigm has already been applied in some areas of the city
(ITDP, 2018), this study used the time threshold defined most often by the TOD and
already applied in other regions (UEA, 2012). As shown in Table 10

Maximum time thresholds by mode of transport, the ASTUIs included the
fulfilment of the TOD standard for distance from universities to the STMs, i.e., fifteen
minutes walking for mass transport, such as LRT and BRT; five minutes walking for
high-quality and conventional buses; and two minutes cycling for MiBici stations and
cycle lanes.

Table 10

Maximum time thresholds by mode of transport

Sustainable Transport ~ Sustainable Transport Walking or cycling time

Mode Mode Infrastructure threshold

(STM) (Minutes)
LRT * Station 15
BRT * Station 15
High-quality Bus * Stop 5
Conventional Bus Stops and Routes ** 5
Bicycle Stations and Bicycle 2

Lanes **

Source: Authors adapted from (Talavera-Garcia & Valenzuela-Montes, 2018; UEA,
2012).
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*SITEUR: Tren Ligero, Macrobus and Sitren. ** The conventional buses and the bicycle

sharing stations are the only modes with more than one route/lane at the stations/stops

Figure 21 illustrates the numerical model for the ASTUI calculation. It includes
three particularities of the study area. First, given that people are willing to walk up
to 5 minutes to reach buses, they would also walk this distance to reach a bicycle-
sharing station to complete the journey cycling. Therefore, the MiBici stations were
counted within this service area. Second, bicycles are allowed on LRT and the high-
quality buses, Sitren. Consequently, these two types of stations and stops were
computed for the service area of 2 minutes cycling. This is not the case for BRT or
conventional buses. Third, there is only one route at the LRT, BRT and Sitren
stations. Thus, the routes for these modes were not counted, in order to avoid biases
in the PCA. In contrast, there is usually more than one route at the conventional bus
stops and more than one cycle lane at the MiBici stations. Thus, routes and cycle
lanes were counted for both modes. Based on these particularities, the spatial
analysis for service areas and the number of STMs were computed by means of

Network Analyst, with the ModelBuilder from Esri®.

The Principal Component Analysis (PCA) describes correlations between the
STM infrastructure variables referred to in Table 11 by creating new components
that propose weights of the original variables for the 274 UFs (CONEVAL, 2019b;
Delbosc & Currie, 2011b; Harris, 2001; Nwachukwu, 2014; Tahmasbi et al., 2019;
Vicente & Reis, 2018). The purpose of the PCA is to obtain a small number of linear
combinations of the 12 variables that account for most of the variability in the data.
Each component can be interpreted as one part of the accessibility phenomenon. A
negative value means that this variable negatively affects accessibility. Three
components have been retained, since their eigenvalues were greater than or equal
to 1.0, as shown in Table 12. Together they account for 72.4925% of the variability

in the original data.
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Figure 21. Access to Sustainable Transport from University Index (ASTUI) Numerical Model

Source: Authors.
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Table 11

Input variables of the service area and the Principal Component Analysis

STMid Sustainable t=15 t=5 t=2
[STid] Transport Mode [walking [walking [cycling
infrastructures minutes] minutes] minutes]
A Number of LRT F15 LRT
B Stations in Service F5 LRT
C Areat (Tren B2 LRT
Ligero) B
D Number of BRT F15 BRT
Stations in Service F5_BRT
Area t (Macrobus)
F Number of High- F5 HQOB
G quality Bus Stops B2 _HQB
in Service Area t
(Sitren)
H Number of F5_CNBs

Conventional Bus
Stops in Service
Areat
I Number of F5 CNBr
Conventional Bus

Routes in Service

Areat

J Number of MiBici F5_BYKs

K Stations in Service B2
Areat BYKs
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Table 11 (Continuation)

STM id Sustainable t=15 t=5 t=2
[STid] Transport Mode [walking [walking [cycling
infrastructures minutes] minutes] minutes]
L Number of Bicycle B2_BYKi

Lanes in Service

Areat

Source: Authors.

The factorability tests provide an indication of whether or not it is likely to be worthwhile
attempting to extract factors from a set of variables. The Kaiser-Meyer-Olkin Measure of
Sampling Adequacy (KMO) statistic delivers an indication of how much common variance
is present. For factorisation to be worthwhile, KMO should normally be at least 0.6. Since
KMO = 0.786828, factorisation is likely to provide meaningful information about any

underlying factors.

The factorability tests provide an indication of whether or not it is likely to be
worthwhile to attempt to extract factors from a set of variables. The Kaiser-Meyer-
Olkin (KMO) Measure of Sampling Adequacy statistic delivers an indication of how
much common variance is present. For the factorisation to be worthwhile, the KMO
should normally be at least 0.6. Since the KMO = 0.786828, factorisation is likely to

provide meaningful information about any underlying factors.
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Table 12

Principal Component Analysis Components

Component Eigenvalue Variance Cumulative

Number [%0] Variance
[%6]

1 5.19051 43.254 43.254
2 2.21364 18.447 61.701
3 1.29495 10.791 72.493
4 0.966089 8.051 80.543
5 0.7064 5.887 86.430
6 0.404834 3.374 89.804
7 0.319993 2.667 92.470
8 0.288061 2.401 94.871
9 0.240288 2.002 96.873
10 0.218669 1.822 98.695
11 0.0839818 0.700 99.395
12 0.072579 0.605 100.000

Source: Authors.

The three retained components were interpreted by the variable weights shown
in Table 13. They represent the relation between the original variables and the
principal components. Component 1, named the ‘Multimodal Transport System,’
represents all modes of transport retained in the study with less importance than the
BRT, as the values of its variables are smaller than the other ones. Component 2,
named the ‘Mass Transport System’, favours mass modes of transport, i.e., the Tren
Ligero and the Macrobus, and gives negative or Very Low values to modes linked to

bicycles and buses, both Sitren and conventional. Component 3, named the ‘Bus
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Rapid Transit’ component, prioritises this mode, and thus it complements

Component 1.

Table 13

Component Weights

Component weight ID Variable Component_1 Component_ Component
[id] 2 3
Wa F15_ LRT 0.318819 0.296047 -0.197854
Ws F5 LRT 0.225533 0.302996  -0.383931
Wc B2 _LRT 0.288487 0.224921 -0.386717
Wb F15 BRT 0.135682 0.443007 0.488484
WEe F5 BRT 0.047106 0.311531 0.576449
WE F5_HQB 0.255624 -0.380555  0.174918
We B2_HQB 0.283082 -0.378544 0.155742
WH F5_CNBs 0.352379 0.0976065 0.0679395
Wi F5_CNBr 0.329129 0.225656 0.00105742
W, F5_ BYKs 0.361178 -0.140043 0.106823
Wk B2 BYKs 0.378923 -0.207403 0.116437
WL B2 BYKL 0.3027 -0.255853 -0.0924796

Source: Authors.

Equation 6 shows an example of the first principal component, where the values
of the variables in the equation must be standardised by subtracting their means and
dividing by their standard deviations.

Equation 6

Example of the first principal component
Component 1 = 0.318819* F15_LRTStat + 0.225533* F5_LRTStat + (6)

0.288487* B2_LRTStat + 0.135682* F15_BRTStat + 0.047106*
F5_BRTStat + 0.255624* F5_HQBStop + 0.283082* BZ2_HQBStop +
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0.352379* F5_CVBStop + 0.329129*F5_CVBRout + 0.361178* F5_
BYKStat + 0.378923* B2 BYKStat + 0.3027* BZ_BYKLane

The three components were calculated by means of Equation 7.
Equation 7

Components calculation

Component_n = A*WAn + B*WBn + C*WCn + D*WDn + E*WEn + )
F*WFn + G*WGn + H*WHn + I*Win + J*WJ] n+ K*WKn + L*WLn

where
n = number of components from Table 12, i.e., {1, 2, 3}

A to K = the variables listed in Table 10, standardised by subtracting their means

and dividing by their standard deviations

Wa_n to Win = the weight of each variable A — L at component n, as shown in
Table 12.

An average of the three components was retained for the ASTUI calculation at UF

i, as shown in Equation 8.

Equation 8

Average of the three components

ASTUI i = [(Figenvalue_1 * Component 1) + (Eigenvalue 2 * (8)
Component 2) + (Eigenvalue_3 * Component 3)] / [EFigenvalue_1 +
Eigenvalue 2 + Eigenvalue_3]

Recent literature refers to statistics to measure (in)equity of spatial accessibility
(Kelobonye et al., 2019; Pereira, 2019; C. Sun et al., 2018), particularly, cluster
analyses (CONEVAL, 2019b; Pritchard et al., 2019). These computations served to
identify homogeneous areas, reducing the number of the 274 UFs by classifying 5
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strata, thus simplifying the data interpretation of the (in)equity of accessibility to
STMs from UFs.

The clustering method was Ward’s with the squared Euclidean distance metric
and non-standardised observations. According to the StatGraphics ® report, the
procedure began with each observation in a separate group. It then combined the
two observations that were closest together to form a new group. After recomputing
the distance between the groups, the two groups now closest together were
combined. This process was repeated until only 5 groups remained. The
computations served to identify homogeneous areas, reducing the number of the
274 UFs by classifying the limited number of strata shown in Table 14. Then, the
vertical equity of spatial accessibility was calculated by statistical comparisons of the

ASTUIs at private-public universities.

Table 14

Cluster analysis results

Strata Centroid of Cluster Members Percent [%0]
ASTUI
Very Low -1.26353 2 105 38.32
Low -0.349644 4 62 22.63
Medium 0.686179 3 60 21.90
High 1.54135 1 25 9.12
Very High 3.39289 5 22 8.03

Source: Authors.

Results and discussion

According to Litman (2002) and recent literature (Gori et al., 2020; Kelobonye et al.,
2019; Oviedo & Guzman, 2020), transport equity can be horizontal or vertical.
Horizontal equity assumes that everyone has the same right to access basic goods,
or that the group has equal abilities and needs. Since accessibility to UFs is
recognised as a basic good (Caywood & Roy, 2018), horizontal equity means that
the STMs do not favour any UF. Every student should have equitable access to
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sustainable transport means from their UF, in the current era of the Sustainable

Development Goals.

Figure 22 shows the ASTUI spatial pattern for the analysis of horizontal (in)equity.
Even though the public UFs seem to be “near” SITEUR, this study ascertained that
the vicinity is not within the standards recommended in the ASTUI. The figure also
shows that almost half of the UFs have Low and Very Low accessibility, while less
than 10% of the UFs meet the standard of the Transport Oriented Development
paradigm. This is empirical evidence of the transport-related social exclusion of
university students, who have traditionally been under-represented in public
transport policies.
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Figure 22. Access to Sustainable Transport from University Index (ASTUI) in the
Guadalajara Metropolitan Area (GMA)

Source: Authors, based on (INEGI, 2014, 2015a, 2015b, 2019b).

Vertical equity refers to social and/or income class (Delbosc & Currie, 2011b;
Litman, 2002). It suggests that the distribution of STMs should favour a specific
group of students. The ASTUIs were compared across the public and private UFs.
Therefore, an egalitarian accessibility policy should ensure that the location of the
STMs does not negatively impact students attending universities with public funds.
Other factors, such as number of students and gender, are relevant to transport
equity analyses. However, only financial source was computed in this project, given
the data availability.

According to the calculation of the ASTUIs and their classification by clusters,
most of the university infrastructure has Low and Very Low ASTUI values, i.e., 62.0%
and 42.3% for public and private infrastructure, respectively. Nevertheless, as shown
in Figure 23, there is no spatial pattern of inequity between public and private
infrastructure. Although more private infrastructure is observed in the three most
disadvantaged strata, the relative difference between them is small, i.e., 5%, 8%,
and 3% for Very Low, Low and Medium, respectively. There are 14 percentage
points of difference in the High stratum that favours public infrastructure. In the Very
High stratum, private infrastructure is favoured over the public infrastructure by 9

percentage points.

Dimensiones sociales y espaciales del transporte publico 145



4k

UNIVERSIDAD
DEGRANADA

II.  CASOS DE ESTUDIO

ilitv

Very Low Low Medium Higl Very Higl
e P blic Utiversity 2.3 16.9% 19.7% 19.7

ey Private University 36 9% 1.6° 22.7%

Access to Sustainable Transport from University Index

(ASTUI)

Figure 23. Inequity distribution of the Access to Sustainable Transport from
University Index (ASTUI)in the Guadalajara Metropolitan Area (GMA)

Source: Authors.

According to Guthrie et al. (2019), the results highlight that university students in
the GMA are under-represented in transport planning. In spite of the investments in
the SITEUR and the governmental subsidies for students to use public transport
(SEDATU et al., 2018) and MiBici, this study reveals that transport-related social
exclusion persists within this disadvantaged group. Several reasons were identified
that discourage the use of sustainable transport by university students. First, despite
the extensive area served by conventional buses, they offer low-quality service (De
Quevedo Garcia Najar et al., 2017). Second, most of the UFs are further away than
a 2-minute bicycle ride from MiBici stations and bicycle lanes. And third,
notwithstanding the high-quality service offered by SITEUR (UN-Habitat & Jalisco,
2017), the LRT, BRT and Sitren cover only a small proportion of the GMA.

The public transport system is considered as a promoter of social inclusion. This
is more relevant in areas traditionally characterised by high levels of structural
inequalities, such as the GMA. This research identified low access levels for the

university student population, which means that the study detected transport-related
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social exclusion (Lizarraga et al., 2020). The authors propose general actions to
enhance the equity of opportunities not just for university students, but for other
groups with transport-related disadvantages. Guaranteeing the quality of the
conventional buses and building a safe, interconnected and larger bicycle lane
network will reduce the transport disadvantages of university students. Researchers
also propose the incorporation of university students and authorities in the decision-
making process for transport planning and policies, in order to reduce the
accessibility disparities experienced by this under-represented, but socially relevant
(Gibbons, 1998)_ community.

Conclusion

According to this research, the promotion of sustainable transport modes in the
vicinity of UFs is not supported by the GMA’s public transport policies, nor is the
intention to modify the future travel behaviour of current students. Indeed, the GMA
is very far from the paradigm of a more equitable and livable city when it comes to
sustainable mobility in the vicinity of UF. As expected, university students in the GMA
suffer transport-related social exclusion when they access LRT, BRT, buses and
bicycles. It affects all students, since the ASTUI is similar in the public and private

Ul, except for the average values of the index, where the public Ul is favoured.

The analysis does not fully confirm the inequity between private and public UFs
and a deeper analysis must be made in future research, since this study has some
limitations. First, the number of students at each UF was not available in Open Data
sources, and thus the analysis did not distinguish according to the “size” of each UF.
Second, the results may be significantly different as the service areas vary. Third,
the ASTUIs did not include walking or travel impedances, such as transport fees,
topography, security or other urban quality indicators. Fourth, (in)equity is difficult to
measure due to the subjective (individual) nature of accessibility. Therefore, the

results of this research are plausible, but not yet completely established.

Although this paper represents a significant advancement of prior work in the

GMA, there is still room for improvement. Future tasks could enhance this research:
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e Considering the topography and urban environment as elements of effective
mobility for the measurement of hindrances affecting the walking time to the

stops/stations.
e Computing a sensitivity analysis for different service areas.

¢ Including the BRT line currently under construction. According to Jalisco
(2020b), this line will serve more than 49,000 students.

e Considering income, gender, physical ability or other vulnerabilities in the

student population.
e Accounting for the impact of transport fees in the model.

¢ Including data from smartcards and General Transit Feed Specifications, as

soon as they are available.

e Transferring the proposed methodology to the calculation of indices for other

basic goods, such as health, cultural or basic educational infrastructure.

It is necessary to shift the mobility paradigm, taking advantage of the adaptation
inertia in the Post-COVID era. This study proposed a simple and powerful approach
to improve the practice of transport planning and policies. It is easy to understand,
interpret and replicate by policy makers in metropolitan areas similar to the GMA

who seek to reduce inequality in the form of transport-related social exclusion.
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This chapter summarizes the confirmation of the general hypothesis and specific
research questions. Here the case studies are outlined and structured by hypothesis,
data processing and answers to research questions referred to in Sections | and IV
(Tabla 5, Tabla 6, Tabla 7 y Tabla 8). This facilitates the interpretation of the
methodological and empirical contribution of this thesis to the field of knowledge.
Finally, potential uses and limitations of this type of research are presented, and
future work suggested.
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Regarding the estimation of socio-spatial dimensions of mass
transport systems

The hypothesis of this dissertation was that socio-spatial dimensions of mass public
transport can be estimated through accessibility, specifically by identifying areas with
different degrees of transport-related social exclusion by means of open-access data
and spatial and multicriteria analysis. To prove this hypothesis, the general aim of
the thesis was to propose an innovative methodology to estimate access to public
transport system, using open-access data, spatial and multicriteria analysis.

The application of the methodology proposed in Chapter 3 was applied to the
Guadalajara Metropolitan Area (GMA), Mexico, thereby confirming the general
hypothesis. First, the availability of open-access data was sufficient to be able to
estimate Transport related social exclusion (TRSE) in the study area. Second,
spatial analysis enabled the identification of areas with different degrees of social
transport needs, an estimation of the degree of access to the public transport
system, as well as the calculation of the spatial or spatiotemporal concurrence
between social transport needs, transport provision, active transport users and air
quality episodes. Third, socioeconomic and transport data were rich and complex,
thus multicriteria analyses, e.g., principal component analysis, were pertinent to

decrease correlation and this assisted interpretation.

Regarding the fulfillment of the social transport needs (STN) by the
mass public transport system (MPTS) in the city (CS_1)

The CS assessed the level of fulfillment of STN by the MPTS provision. The ISTN
was estimated based on socioeconomic georeferenced factors weighted with PCA.
The Index of Mass Transport Provision (IMTP) was calculated with a simplified
gravity method by means of frequency, capacity and walking time using GIS. The
gap was then assessed by indexes difference. All indexes were mapped to
communicate results more easily. The findings confirm the inequality of the
distribution of STN and MTP in the city.

The PCA results confirm that the intrinsic factors best explain the STN (Boisjoly
et al., 2020; Vecchio, Tiznado-Aitken, et al., 2020). After analyzing 216 variables
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from the 2010 population and housing census, socioeconomic factors represented
56% of the variables characterizing the STN in the city, while age and schooling
contributed 38%. This confirms the relevance of the efficiency of subsidies that
SITEUR grants to students and the elderly. In addition, the ownership of a vehicle
only represented 6% (Table 3), already found in other Latin American studies
(Jaramillo et al., 2012). The findings highlight inequalities in the city, since 50.3% of
the population had High STN, while only 6.8% had Very Low STN

Results also show that the spatial pattern of transport disadvantage in the
Guadalajara Metropolitan Area (GMA) was fragmented. On the one hand, the STN
were located in the outskirts of the city (Figure 7). Furthermore, 13% of the
population lived in transport deserts, mainly in non-central areas. The disadvantage
in peripherical areas is similar to other Latin American cities (Jaramillo et al., 2012;
Jirén, 2007; Jiron & Mansilla, 2013) and corresponds to the spatial pattern of an

official indicator of social exclusion known as marginalization (IIEGJal, 2016).

On the other hand, results also show an unexpected outcome, i.e., Medium and
High grades of STN were also located in central areas. This finding highlights the
importance of focusing the analysis of the social dimension of transport in the central
areas of the city, since existing scholarly publications in the GMA are mainly focused
on non-central areas (Asprilla Lara et al., 2018; Calonge Reillo, 2016, 2018b, 2019;
Calonge Reillo & Aceves Arce, 2019).

The results regarding the IMTP prove a spatial inequity in access to MPT (Figure
6), as observed in other Latin American cities (Jaramillo et al., 2012; Vasconcellos
& Mendoca, 2016). The predominance of LRT over BRT was clearly identified, while

the service in the outskirts was limited.

When comparing the spatial correlation of STN with access to PT, the positive
gap, i.e., IMTP higher than ISTN, was located in 13% of the surface of the
metropolitan area where 58% of inhabitants lived (Table 4). It can be concluded that
MPTS adequately served central areas, mainly where Low and Very Low STN were
located. However, MPTS was inadequate to satisfy needs in peripherical areas. This
spatial gap confirms the pertinence of the location of the recent BRT connecting the
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central area with the outskirts. This is not the case with the new LRT line 3. After
comparing the gap both with and without Line 3, this line increased access to just
2% of inhabitants living in areas with High grades of STN. LRT line 3 served areas

where High and Very High IMTP were already achieved.

Inequality was observed in the distribution of access to MPTS and STN by
population percentage (Figure 9), since the curves are almost the opposite of the
ideal: the highest needs were concentrated in the last quintile of the geographical
sections analyzed. In addition, it was shown that the people who suffered from low
transport access were almost double the amount of those who benefited from better
access. When analyzing inequity by population percentage, the SITEUR covered the

needs of a quarter of the inhabitants with High and Very High levels of provision.

Regarding spatiotemporal concurrence of active mode users and
air quality (CS_2)

The CS analyzed the spatiotemporal concurrence of air quality and the users of
active transport modes. The methodology enabled an estimation of the number of
users exposed to episodes of Low air quality, using large open-access databases,
GIS and numerical computer platforms. The Air Quality Index was calculated
according to the Environmental Protection Agency (2016b) standard. BRT and the
public bicycle system were included in the model, because of the availability of open-
access data on an hourly basis. Particulate meter (PM10) and ozone were

computed, since these are the pollutants that most frequently exceed the standards.

The findings show pendular movements in accordance with work hours from/to
residential and trip generation areas. Peak usage times for active modes in the study
area were 9:00 a.m. and 7:00 p.m. at three of the monitoring stations. These stations
correspond to the intuitively identified origin-destination pendulum, since the

residential and commercial/industrial stations are clearly distinguishable.

Surprisingly, only 0.24% and 0.147% of users were exposed to episodes of poor
guality of one of the two pollutants, for MiBici and BRT, respectively. However, this

becomes relevant when observed in absolute terms, since there are 35,000 and
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173,000 users of each mode (Table 8). Unfortunately, results are not conclusive,
given the spatial heterogeneity and temporal inconsistency in the air quality
measurement and the limited availability of transport data on an hourly basis. To
apply the methodology to the metropolitan scale, the distribution of monitoring
stations should be improved and data on an hourly basis from LRT and conventional

buses should be available.

Regarding access to sustainable transport from university facilities
(CS_3)

The CS provided an empirical assessment of the inequity of access from university
facilities (UF) to a public transport system, i.e., LRT, BRT, buses and bicycles. The
Access to Sustainable Transport from University Index (ASTUI) was calculated with
GIS and PCA with time thresholds based on TOD paradigm and weighted nodes by

mode and number of lines.

The results confirm the weakness of access to PTS from UF. Astonishingly, most
UF in the city had limited access to public bicycle, conventional bus, or mass transit
stations and stops. Less than 10% of the UF had a Very High ASTUI value. Half of
both public and private universities have a Low and Very Low access rate, that is,
59.2% and 61.5%, respectively. Less than 2% and 11% of public and private
facilities, respectively, had access to 274 stops/stations within the TOD standard
walking time. Results are consistent with other horizontal inequity studies showing
UF with a deficit in access to PT (Miralles-Guasch & Domene, 2010; C. Sun et al.,
2018).

Results show no clear pattern of vertical inequality between public and private UF.
ASTUI values were similar for both public and private UF, i.e., a higher proportion of
UF for lower grades of ASTUI and vice versa (Figure 23). Although private university
facilities apparently suffer from a greater disadvantage, the relative difference is Very
Low, that is, 5%, 8% and 3% for Very Low, Low and Medium ratings, respectively.
In contrast, public infrastructure benefited from High access, while the Very High

access favored private infrastructure. Nonetheless, differences were not considered
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sufficiently robust to declare vertical inequity, that is, no consistent differences were

found between public and private university facilities.
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A public transport system is recognized as a promoter of social inclusion. This is
particularly important in urban areas with structural inequities, such as the GMA. This
thesis contributes to the limited quantitative research on transport-related social
exclusion (TRSE) in the GMA in particular, and to the TRSE in Latin American
metropolises, in general. It provides methodologies and empirical evidence for

transport policy makers to reduce inequalities and, in consequence, TRSE.

This dissertation proposes that socio-spatial dimensions of transport may be
estimated through access to PTS by means of open-access data and multicriteria
analysis. The methodological proposals of this paper are a relevant contribution to
the transdisciplinary approach of TRSE in Latin America. Theoretical and earlier
empirical knowledge from the disciplines of Geography, Urban Planning, Economics
and statistical and spatial analysis sciences were considered, from the identification
of the problem through to the methodological proposal and its application.

The CS proved that the socio-spatial dimension of transport can be explained with
open data, spatial analysis and multi-criteria methods. In particular, the pertinence
of using the simplified gravity method to estimate access to public transport was

confirmed for contexts with technical and financial limitations.

CS_1 confirmed the inequality in the distribution of social transport needs and
access to a public transport system in the GMA. The results also proved that the

SITEUR only covered the social transport needs of a quarter of the population.

CS_2 highlighted the low percentage of active mode users exposed to poor air
quality episodes in the year of reference in the study area. This case also confirmed
the need for more accurate air quality data to properly estimate this spatial dimension

of transport.

CS_3 showed that the university community in the metropolis suffers from social

exclusion due to a deficit in access to transportation.

The traditional approach to designing and operating PTS has been supported on
a technical and financial basis, with few social subsidies. The results of this thesis
confirm that, even though the capacity and arrangement of the network are key
elements of accessibility (Souto Rodrigues et al., 2016), it is also necessary to take
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into account STN to properly reduce the TRSE (Handy, 2020; Jaramillo et al., 2012;
Litman, 2002; Vecchio, Tiznado-Aitken, etal., 2020). The CS’ findings may
contribute to reducing the negative impact of transport in Latin American cities
(Manrique et al., 2020), characterized by urban contexts of inequality, chaos
urbanization and limited regulation (Jaramillo et al., 2012).

Proposals
Based on the results of this thesis, two general actions are proposed in order to
reduce TRSE in the GMA. First, the design and operation of PTS should permanently

integrate a social approach. Accordingly, four considerations are suggested:

1. Areas with more social needs should be considered when expanding the PT

network with mass, collective or on-demand PT modes.

2. Private carriers should be properly regulated since they serve most of the
areas with High and Very High STN. This may improve access to the entire

system if issues of accuracy, frequency and capacity are addressed.

3. The fare-integration of PTS may promote intermodality (Mendo-Gutiérrez,
2008) and reduce transport poverty, since income was among the relevant
variables explaining the STN.

4. Non-motorized transport should also be promoted. Recent data revealed that
25% of households have bicycles as a mode of transport and that they are
located mainly on the outskirts. To promote these active transport modes, the
expansion of a safe and connected cycling infrastructure is required.

Second, the relevance of considering socio-spatial dimensions of transport in
multisectoral public policies is indisputable (Jalisco Como Vamos et al., 2020;
Jaramillo et al.,, 2012). Since socioeconomic factors, such as, gender, disability,
illiteracy, unemployment and low income comprised most of the explanatory
variables of STN in the area, the consideration of these factors in multisectorial

policies may reduce transport disadvantage, and, in consequence, TRSE.

Public transport policies should also be coordinated with other sectors. The
socioeconomic determinants of STN identified in CS_1 proposed that economic and
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social policies may decrease STN, thus TRSE. CS_2 established the need for
accurate air quality data to properly estimate exposure of active mode users to
pollutants. This data is produced by the environmental public sector, thus
coordination with the transport sector is crucial. CS_3 showed that land use policies
may also contribute to TRSE when they are not coordinated with transport policies.
In consequence, four proposals are suggested regarding the variables explaining
STN:

1. Gender perspective should be integrated when designing and operating the
PTS.

2. Universal accessibility to the entire PTS should be pursued.

3. Economic policies should decrease unemployment, and so also reduce the

transport disadvantage.

4. The absolute values of transport users exposed to episodes of poor air quality

call for improvement of the air quality monitoring system throughout the city.
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Regarding the potential to estimate the socio-spatial dimensions of
transport

The methodology is transferable to other contexts with limited technical capacities
and financial resources, because of the following characteristics:

1 The methodology was based on previous scholarly studies and verified by peer

reviews, then accepted by the scientific community and general public.
2 The methodology is affordable as open-access data sources are utilized.

3 The methodology may be applicable in Mexican metropolises. The national
government provides socioeconomic data every five [survey] and ten years
[census]. It also updates the location of urban facilities on a quarterly basis.
The transport operators offer data on capacity, frequency and passengers per
station, as well as public bicycle system large databases. In addition, the
environmental authority publishes air quality monitoring data on an hourly

basis.

4 The methodology allows the inclusion of different transport modes and
amenities in the model according to the context.

5 Results were presented on maps, so they were easy to understand by non-

specialized public.

Parameters according to each context should be adjusted to apply the
methodology, such as, the weight of the socioeconomic factors (CS_1) and of
stations/stops (CS_2); the walking time thresholds; the minimum unit of spatial

analysis; or the modes of transport to be modeled.

Regarding the Ilimitations to estimating the socio-spatial
dimensions of transport

Data availability is one of the difficulties involved in modeling complex
phenomena. The methodology proposed is highly sensitive to the availability of
open-access data. Moreover, this type of data that is systematically generated is still

scarce in some contexts.
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Data sensitivity may be observed in relation to these three dimensions:
1. The spatial dimension of data

a. The study area. Results show that spatial patterns may vary when

analysing metropolitan, municipal or neighbourhood areas.

b. The spatial unit of analysis. Results vary according to big units of
analysis (CS_1), survey units, or blocks. The smaller the unit, the higher
the precision of the ITMP. This is not the case with the ISTN, since
social phenomena do not vary from one block to another, but variations

can be seen in larger areas.
2. The thematic dimension of data

a. The transport modes. The application of the methodology to various
modes to achieve their contribution to reducing TRSE depends on
transport data availability. Open-access data policies vary between
public and private carriers. Moreover, data on paratransit and on-
demand modes are scarce, and generation of this data requires high
human and financial resources (Goldwyn & Vergel-Tovar, s.f.;
Lesteven & Boutueil, 2018; Vergel-Tovar et al., s. f.).

b. The socioeconomic factors. The PCA is intrinsically sensitive to the
input data base analysed. To determine the variables to be processed,
a deep knowledge of the context is necessary to properly adapt existing
empirical studies of TRSE to the study area.

3. The temporal dimension of data

a. The walking time. The methodology is highly sensitive to time
thresholds. The time an individual is willing to walk varies according to
urban environment, cultural context, security and perception, among
other intrinsic and extrinsic factors (Boisjoly et al., 2020; Talavera-
Garcia & Valenzuela-Montes, 2018; Wachs & Kumagai, 1973).

Although the availability of open-access data is imperfect in Latin American cities,

government institutions have aligned with the global trend and are increasingly
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willing to share data, thus improving figures on all three dimensions mentioned

above.
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To improve the methodology proposed in this dissertation, several research tasks

may be carried out in the future:

e To develop Phyton programming code to apply the methodology to other

transport modes, amenities or contexts efficiently.

e To include intrinsic and extrinsic travel impedance parameters in the gravity

model, such as security, fees, topography or urban quality.

e To compute sensitivity analyses for different dimensions: spatial, i.e., different
metropolises and different spatial units of analysis; thematic, that is, different
modes and amenities; and temporal, i. e., different walking time thresholds

and in different socioeconomic surveys.

For the future, scientific challenges have been identified to be able to facilitate the
research proposed above. First, the determination of intrinsic and extrinsic input
variables in the PCA. Second, the definition of walking time thresholds for specific
urban contexts. Third, the election of spatial, temporal, and thematic data for a
comprehensive estimation of the phenomenon and to simplify the computations. In
general, the methodology should remain as simple as possible to explain a complex

phenomenon.
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V. REFERENCIAS Y ANEXOS

Este capitulo contiene el resumen de los casos de estudio (CE), el listado de la
produccién académica durante la formacion doctoral y las referencias que

sustentaron los capitulos anteriores.
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V. REFERENCIAS Y ANEXOS

Esta seccion resume las principales caracteristicas de los casos de estudio (CE) por
medio de cinco tablas generales que complementa la (Tabla 1) que refiere la
traduccion de los titulos originales de las publicaciones, las hipotesis particulares y
las preguntas de investigacion y fue incluida en de la seccion 1 de este documento.
La Tabla 5 enlista los datos utilizados y sus fuentes. La Tabla 6 refiere la
aproximacion metodologica, los métodos, indices y formulas/ algoritmos utilizados.
La Tabla 7 sefala los principales hallazgos y la Tabla 8 responde de forma sintética

las preguntas de investigacion.
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Tabla 5

Datos utilizados en los casos de estudio y sus fuentes

CE! Datos Fuente

1 LRT, BRT, HQB: localizacion de estaciones/paradas, frecuencia y SITEUR? (2021c) /IMEPLANSZ (2019, 2020)

capacidad de los vehiculos

1 Ejes viales con topologia de red OpensStreetMap (2020)
1 Variables socioecondmicas con referencia geografica INEGI* (2010b)
2 BRT y bicicleta publica: localizacién de estaciones y nUmero de SITEUR? (2021b)

usuarios/hora en 2019

2 Concentraciones de ozono y particulas suspendidas (PM10) por SEMADET?® (2021)
hora durante 2019

3 LRT, BRT, autobuses convencionales y bicicleta publica: localizacién IMEPLANS (2020) ‘Gobierno del Estado de
de estaciones/paradas y numero de lineas en cada una. Jalisco (2021) 'EPA (2016b)
3 Edificios universitarios: localizacion INEGI (2019c)

ICE: Caso de estudio; 2Sistema de Tren Eléctrico Urbano (México); 3Instituto de planeacion y gestion del desarrollo del Area
Metropolitana de Guadalajara (México); “Instituto Nacional de Estadistica e Informéatica (México) y °Secretaria del Medio Ambiente y

Desarrollo Territorial (México).
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Tabla 6

Métodos, indices, algoritmos, herramientas y datos utilizados en los casos de estudio

CE! Acercamiento / Método indices / algoritmo Herramientas

1 Dual? Acumulativo / Gravitatorio indice de provision de transporte masivo SIG*
simplificado (IMTP3)
IMTP; =CM;* (1/FM;) *Tw;
1 Ponderacion / indice de necesidades sociales de transporte ACP®

Suma ponderada (ISTN)Y

n
ISTIVJ == ZSU X Wi
i=1

1 Equidad horizontal / Diferencia Brecha entre el potencial y las necesidades SIG*

sociales del transporte
ISTNCj = IMTP - ISTN;
2 Comparativo por tiempo y espacio  indice de calidad del aire”’ SIG*y Tablas dindmicas

AQI = [(AQIHi — AQlLo)/(Concri - Concro)] X
(Conci- concio) + (AQILo)
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Tabla 6 (continuacion)

CE! Acercamiento / Método indices / algoritmo Herramientas

3 Prime® Acumulativo / indice de acceso a transporte sostenible SIG*y ACP®
Gravitatorio  simplificado y desde universidades (ASTUI®)

ponderado por grado nodal n
ASTUI; = z ST AT X Wi

=1

ICaso de estudio; 2Estima el tiempo/distancia, para llegar a estaciones/paradas definidas; %indice de provision de transporte
masivo, por sus siglas en inglés; *Sistema de Informacion Geografica; indice de necesidades sociales de transporte, por sus
siglas en inglés; ®Analisis de Componentes Principales; ‘Conocido como AQI, por sus siglas en inglés; 8Estima el nimero de
estaciones/paradas a una distancia/tiempo definida; ®indice de acceso a transporte sostenible desde universidades, por sus

siglas en inglés.
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Tabla 7

Principales hallazgos de los casos de estudio

CE1l Hallazgos generales

1 Tras analizar 216 variables del censo de poblacién y vivienda 2010, los factores socioeconémicos
representan el 56% de las variables determinantes de las necesidades sociales del transporte en la
ciudad, mientras que la edad y escolaridad aportan el 38%. Ademas, la propiedad de un vehiculo
solamente representa el 6%. Esto confirma lo encontrado en otros estudios latinoamericanos;

El 50.3% de los habitantes tienen muy altos niveles de necesidades, mientras que solo el 6.8% tiene
bajos niveles.

El 42% de los habitantes de la ciudad sufren de exclusion social por transporte presente en el 87% de la
superficie del area metropolitana (mayor necesidad que provision). El SITEUR cubre las necesidades de
un cuarto de los habitantes con grados alto y muy alto de provision.

Se observa desigualdad en la distribucién espacial de las necesidades sociales del transporte pues la
curva es casi opuesta a la ideal: las més altas necesidades estan concentradas en el ultimo quintil de
las secciones geograficas analizadas. Ademas, se observa que las personas que sufren de un indice
bajo de provision de transporte son casi el doble que las que disfrutan de mejor provision.

2 Las horas pico de uso de modos activos en el area de estudio son las 9 y las 19 hr en tres de las
estaciones de monitoreo. Estas corresponden al péndulo de origen destino intuitivamente identificado,

pues las estaciones residenciales y comerciales/industriales son claramente distinguibles..
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Tabla 7 (continuacion)

CE1l Hallazgos generales

El 0.24% y 0.147% de los usuarios fueron expuesto a episodios de mala calidad de uno de los dos
contaminantes, para MiBici y BRT, respectivamente. Sin embargo, esto toma relevancia cuando se
observa en términos absolutos, pues son 35,0000 y 173,000 usuarios de cada modo.

3 El estandar de tiempo de caminata previsto por el TOD (ITDP, 2018) es alcanzado por menos del 2% y
11% del equipamiento publico y privado, respectivamente.
En contraste, la mitad desde las universidades tanto publicas como privadas presentan un indice de

acceso bajo y muy bajo, esto es, 59.2% y 61.5%, respectivamente.

1 Caso de estudio.
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Tabla 8

Respuestas sintéticas a preguntas de investigacion de los casos de estudio

CE1l Acercamiento a las respuestas de investigacion

1 Las variables socioeconémicas son las que mejor explican las necesidades sociales del transporte en la

metrépoli, particularmente, la movilidad reducida, el analfabetismo, el desempleo y la renta.

Se observa una gran desigualdad en la distribucién de las necesidades del transporte como en la

provision del transporte masivo en la ciudad

2  Los valores absolutos de usuarios del transporte expuestos a episodios de mala calidad del aire

demandan acciones inmediatas

Los resultados no son definitivos, dada la heterogeneidad espacial y la inconsistencia temporal en la
medicion de calidad del aire

La limitacion de datos del LRT a escala temporal del dia dificulta la consideracion de los usuarios de

este modo de transporte masivo en los calculos.

3  El colectivo universitario esta en desventaja de transporte respecto a otros colectivos de la ciudad y es

susceptible de exclusién social.

La inequidad vertical no es identificable con esta metodologia

1 Caso de estudio.
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Esta seccidn refiere la produccion académica desarrollada durante la formacién doctoral. La Tabla 9 lista los productos
publicados ordenados cronolégicamente. Destaca la mejora continua de la produccion de acuerdo con parametros
reconocidos por la comunidad cientifica, tales como la indexacion y la revision por pares. Ademas, la coautoria demuestra

el trabajo en equipo y la colaboracién internacional.
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Produccién académica publicada durante la formacion doctoral

Autores Titulo Afo  Editorial, volumen, pagina / DOl o URL Index Revision Tipo
Nombre del congreso, por pares
organizador, lugar
Ochoa- Urban planning and 2019 GraWHO 2019. World Health  Presentacién No No Comunicacién
Covarrubias, mobility as promoters of Organisation Simulation, no publicada de congreso
G. healthy cities Escuela Andaluza de Salud
Publica, Granada
Ochoa- Planeacion y movilidad 2019 Congreso Iberoamericano http://dx.doi.or No Si Comunicacion
Covarrubias, como promotores de para la fundamentacion y a/10.4995/CS de congreso
G., Molero- ciudades saludables en practica de la ciudad 0S.2021.6588
Melgarejo, Espafia y México sostenible, 155-172, _01
E., Grindlay- Universitat Politécnica de
Moreno, A., Valencia, Valencia
& Falcon
Meraz, J. M.
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Tabla 9. (Continuacién)

Autores Titulo Afo  Editorial, volumen, pagina / DOl o URL Index Revision Tipo
Nombre del congreso, por pares
organizador, lugar
Lizarraga, C., Evaluating public transport 2020 WIT Transactions on the Built ~ Presentacion SJR Si Comunicacion
Grindlay, A. social exclusion in Environment, WIT, online de congreso
L., & Ochoa- Guadalajara, Mexico
Covarrubias,
G.
Grindlay, A.  Urban Mobility and Quality 2020 WIT Transactions on the Built ~ Presentacion SJR Si Comunicacion
L., Ochoa- of Public Spaces: the Environment, WIT, online de congreso
Covarrubias, = Case of Granada, Spain
G, &
Lizarraga, C.
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Tabla 9. (Continuacién)

IV. REFERENCIAS Y ANEXOS

Autores Titulo Afio  Editorial, volumen, pagina / DOI o URL Index Revision Tipo
Nombre del congreso, por pares
organizador, lugar
Lizarraga, C., Evaluating public transport 2020 WIT Transactions on the Built https://www.we  SJR Si Capitulo de
Grindlay, A. social exclusion in Environment. (Vol. 200, 195- ssex.ac.uk/201 libro
L., & Ochoa- Guadalajara, Mexico 203) 1/HBNFEA452/
Covarrubias, UT20-
G. 978178466409
1.pdf
Grindlay, A.  Urban Mobility and Quality 2020 WIT Transactions on the Built https://www.we  SJR Si Capitulo de
L., Ochoa- of Public Spaces: the Environment. (Vol. 200, 37—  ssex.ac.uk/201 libro
Covarrubias, Case of Granada, Spain 48) 1/HBNFE452/
G., & UT20-
Lizarraga, C. 978178466409
1.pdf
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Tabla 9. (Continuacién)

IV. REFERENCIAS Y ANEXOS

Autores Titulo Afio  Editorial, volumen, pagina / DOI o URL Index Revision Tipo
Nombre del congreso, por pares
organizador, lugar
Grindlay, A. New Rail-Based Public 2021 Global Summit on Civil, https://www.th No No Comunicacion
L., Ochoa- Transport Systems and Architectural and escientistt.com de congreso
Covarrubias, their Environmental Engineering,  /civil-structural-
G., & Urban Impacts in Barcelona environmental-
Lizarraga, C. Andalusia (Spain) engineering/co
nference-
book.pdf
DeAlba- (In)Equitable Accessibility 2021 Sustainability, 13(1), 55 https://doi.org/ JCR Si Articulo
Martinez, H., to Sustainable Transport 10.3390/sul130 cientifico
Grindlay, A. from Universities in the 10055
L., & Ochoa- Guadalajara Metropolitan
Covarrubias, Area, Mexico
G
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Tabla 9. (Continuacién)

IV. REFERENCIAS Y ANEXOS

Autores Titulo Afio  Editorial, volumen, pagina / DOI o URL Index Revision Tipo
Nombre del congreso, por pares
organizador, lugar
Ochoa- Does the Mass Public 2021  Applied Sciences, 11(16), https://doi.ora/ JCR Si Articulo
Covarrubias,  Transport System Cover 7709 10.3390/app11 cientifico
G., Grindlay, the Social Transport 167709
AL,& Needs? Targeting SDG
Lizarraga, C. 11.2 in Guadalajara,
Mexico
Ochoa- Air Quality and Active 2021 Sustainability, 13(24), 13904  https://doi.org/ JCR Si Articulo
Covarrubias, Transportation modes: A 10.3390/sul132 cientifico
G., Spatiotemporal 413904
Gonzalez- Concurrence Analysis in
Figueredo, Guadalajara, Mexico
C., DeAlba-
Martinez, H.
& Grindlay,
A L.
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Tabla 9. (Continuacion)

International Journal of https://doi.ora/ SJR Si Articulo

Grindlay, A. Sustainable mobility and 2021
L., Ochoa- urban space quality: the Transport Development and 10.2495/TDlI- cientifico
Covarrubias, case of Granada, Spain Integration, 5(4), 309-326 V5-N4-309-
G, & 326
Lizarraga, C.
195

Dimensiones sociales y espaciales del transporte publico



Dimensiones sociales y espaciales del transporte
publico 106



;. UNIVERSIDAD
- - DEGRANADA

13. Referencias




198



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Aceves-Gonzalez, C., Rizo-Corona, L., Rosales-Cinco, R., Rey-Galindo, J., Ekambaram, K., & Ramos-Tachiquin,
M. (2020). Assessing Accessibility and Safety Conditions in an Urban Environment: What Do
Pedestrians Perceive? En G. Di Bucchianico (Ed.), Advances in Design for Inclusion (pp. 215-225).
Springer International Publishing. https://doi.org/10.1007/978-3-030-20444-0_21

Achebak, H., Petetin, H., Quijal-Zamorano, M., Bowdalo, D., Pérez Garcia-Pando, C., & Ballester, J. (2021).
Trade-offs between short-term mortality attributable to NO2 and O3 changes during the COVID-19
lockdown across major Spanish cities.  Environmental  Pollution, 286, 117220.
https://doi.org/10.1016/j.envpol.2021.117220

Adams, M. D., Yiannakoulias, N., & Kanaroglou, P. S. (2016). Air pollution exposure: An activity pattern
approach for active transportation. Atmospheric Environment, 140, 52-59.
https://doi.org/10.1016/j.atmosenv.2016.05.055

Aguirre Quezada, J. P. (2017). Movilidad urbana en México (Cuaderno de investigacion N.° 30; Direccidon
General de Analisis Legislativo, p. 38). Senado de la Republica Instituto Belisario Dominguez.
http://bibliodigitalibd.senado.gob.mx/handle/123456789/3391

Al Mamun, Md., & Lownes, N. (2011). A Composite Index of Public Transit Accessibility. Journal of Public
Transportation, 14(2). https://doi.org/10.5038/2375-0901.14.2.4

Alemdar, K. D., Kaya, 0., Canale, A., Codur, M. Y., & Campisi, T. (2021). Evaluation of Air Quality Index by
Spatial Analysis Depending on Vehicle Traffic during the COVID-19 Outbreak in Turkey. Energies,
14(18), 5729. https://doi.org/10.3390/en14185729

Allen, J., & Farber, S. (2018). How time-use and transportation barriers limit on-campus participation of
university students. Travel Behaviour and Society, 13, 174-182.
https://doi.org/10.1016/j.tbs.2018.08.003

Anderson. (1984). An Introduction to Multivariate Statistical Analysis (2nd ed.). Wiley.

Ansarey, D. (2016). Dropouts at the Tertiary Level in Bangladesh: A Case Study in Asa University Bangladesh.

Journal of Science and Technology, 6(1 & 2), 93-110.

Dimensiones sociales y espaciales del transporte publico 199



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Arellana, J., Oviedo, D., Guzman, L. A., & Alvarez, V. (2020). Urban transport planning and access inequalities:
A tale of two Colombian cities. Research in Transportation Business & Management, 100554.
https://doi.org/10.1016/j.rtbm.2020.100554

Ashri Prawesthi, D., & Yola, L. (2022). Pedestrian and Bicycle Lanes in Transit Oriented Development Area of
Dukuh Atas, Jakarta. Lecture Notes in Civil Engineering, 161, 35-42. Scopus.
https://doi.org/10.1007/978-981-16-2329-5_5

Asprilla Lara, Y., Pérez, M. G. G., & De Quevedo Garcia, F. (2018). Entropia en la periurbanizacidn: Desigualdad
en el acceso a las infraestructuras de transportes en Tonald, México. urbe. Revista Brasileira de
Gestdo Urbana, 10(3), 624-636. https://doi.org/10.1590/2175-3369.010.003.a010

Astakhova, K. V., Korobeev, A. I., Prokhorova, V. V., Kolupaev, A. A., Vorotnoy, M. V., & Kucheryavaya, E. R.
(2016). The Role of Education in Economic and Social Development of the Country. International
Review of Management and Marketing, 6, 53-58.

Avellaneda, P. G. (2007). Movilidad, pobreza y exclusion social. Un estudio de caso en la ciudad de Lima.

Balderas Torres, A., Zafra Ortega, A., Sudmant, A., & Gouldson, A. (2021). Sustainable mobility for sustainable
cities: Lessons from cycling schemes in Mexico City and Guadalajara, Mexico (Coalition for Urban
Transitions, p. 45). https://urbantransitions.global/publications

Ballesteros, M. T., Lopez, D., Alcantar, E., & Fernandez, P. (2018). La movilidad en la Ciudad de México
Impactos, conflictos y oportunidades. En La movilidad en la Ciudad de México Impactos, conflictos y
oportunidades. Instituto de Geografia UNAM.
http://www.publicaciones.igg.unam.mx/index.php/ig/catalog/book/149

Banister, D. (2005). Unsustainable Transport: City Transport in the 21st Century. Routledge.
http://discovery.ucl.ac.uk/181312/

Banister, D. (2008). The sustainable mobility paradigm. Transport Policy, 15(2), 73-80.
https://doi.org/10.1016/j.tranpol.2007.10.005

Barboza, M. H. C., Carneiro, M. S., Falavigna, C., Luz, G., & Orrico, R. (2021). Balancing time: Using a new
accessibility measure in Rio de Janeiro. Journal of Transport Geography, 90, 102924.

https://doi.org/10.1016/j.jtrangeo.2020.102924

Dimensiones sociales y espaciales del transporte publico 200



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Bautista-Hernandez, D. A. (2021). Mode choice in commuting and the built environment in México City. Is
there a chance for non-motorized travel? Journal of Transport Geography, 92, 103024.
https://doi.org/10.1016/j.jtrange0.2021.103024

Bayon, M. C. (2008). Desigualdad y procesos de exclusidn social. Concentracidn socioespacial de desventajas
en el Gran Buenos Aires y la Ciudad de México. Estudios demogrdficos y urbanos, 23(1), 123-150.
https://doi.org/10.24201/edu.v23i1.1305

Belefio Montagut, L., & Colegial Gutierrez, J. D. (2018). Analisis de la Contaminacion por flujo vehicular en un
entorno universitario. BISTUA Revista de la Facultad Ciencias BdsicasCAS, 16(1), 28-41.
https://doi.org/10.24054/01204211.v1.n1.2018.577

Ben-Elia, E., & Benenson, |. (2019). A spatially-explicit method for analyzing the equity of transit commuters’
accessibility.  Transportation Research Part A: Policy and Practice, 120, 31-42.
https://doi.org/10.1016/j.tra.2018.11.017

Bentayou, G., Perrin, E., & Richer, C. (2015). Contrat d’axe et Transit-Oriented Development: Quel
renouvellement de I'action publique en matiére de mobilité et d’aménagement ? (Point de vue
d’acteurs). Flux, N°101-102(3), 111-123.

Bertolini, L. (2017). Planning the Mobile Metropolis: Transport for People, Places and the Planet. Macmillan
International Higher Education.

Bertolini, L., le Clercq, F., & Kapoen, L. (2005). Sustainable accessibility: A conceptual framework to integrate
transport and land use plan-making. Two test-applications in the Netherlands and a reflection on the
way forward. Transport Policy, 12(3), 207-220. https://doi.org/10.1016/j.tranpol.2005.01.006

Bhat, S. U., Khanday, S. A., Islam, S. T., & Sabha, I. (2021). Understanding the spatiotemporal pollution
dynamics of highly fragile montane watersheds of Kashmir Himalaya, India. Environmental Pollution,
286, 117335. https://doi.org/10.1016/j.envpol.2021.117335

Bhatta, S. D., & Drennan, M. P. (2003). The Economic Benefits of Public Investment in Transportation: A Review
of Recent Literature. Journal of Planning Education and Research, 22(3), 288-296.

https://doi.org/10.1177/0739456X02250317

Dimensiones sociales y espaciales del transporte publico 201



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Bocarejo, J. P., & Urrego, L. F. (2020). The impacts of formalization and integration of public transport in social
equity: The case of Bogota. Research in Transportation Business & Management, 100560.
https://doi.org/10.1016/j.rtbm.2020.100560

Bocarejo S., J. P., & Oviedo H., D. R. (2012). Transport accessibility and social inequities: A tool for identification
of mobility needs and evaluation of transport investments. Journal of Transport Geography, 24, 142-
154. https://doi.org/10.1016/j.jtrangeo.2011.12.004

Boisjoly, G., Serra, B., Oliveira, G. T., & El-Geneidy, A. (2020). Accessibility measurements in Sdo Paulo, Rio de
Janeiro, Curitiba and Recife, Brazil. Journal of Transport Geography, 82, 102551.
https://doi.org/10.1016/j.jtrangeo.2019.102551

Boutueil, V., Lesteven, G., & Nemett, L. (2020). Toward the Integration of Paratransit in Transportation
Planning in African Cities—, Gaele , Luc Nemett, 2020. Journal of Transportation Research Board,
2674(9), 995-1004. https://doi.org/10.1177/0361198120933270

Brown, B. B., & Werner, C. M. (2008). Before and After a New Light Rail Stop: Resident Attitudes, Travel
Behavior, and Obesity. Journal of the American Planning Association, 75(1), 5-12.
https://doi.org/10.1080/01944360802458013

CAF. (2007). Observatorio de movilidad urbana (OMU).
https://www.caf.com/app_omu/#graphic?i5=num_vehic_micro_bus&il=automoviles_1000_hab&i
O=pob_Km2_area_metropol_urba&i4=viajes_hab_dia_no_motorizado&i3=viajes_hab_dia_colectiv
o&i2=viajes_hab_dia_individual

Cai, M., lJiao, J., Luo, M., & Liu, Y. (2020). Identifying transit deserts for low-income commuters in Wuhan
Metropolitan Area, China. Transportation Research Part D: Transport and Environment, 82, 102292.
https://doi.org/10.1016/j.trd.2020.102292

Calonge Reillo (Ed.). (2017a). La-sustentabilidad-urbana-en-via-muerta-Gobernanza-y-participacion-
ciudadana-ante-la-construccion-de-infraestructuras-de-transporte-masivo.pdf. Estudios Socioldgicos

Editora.

Dimensiones sociales y espaciales del transporte publico 202



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Calonge Reillo, F. (2016). Usos de los medios de transporte y accesibilidad urbana. Un estudio de caso en el
Area  Metropolitana de Guadalajara, Meéxico. Papeles de Geografia, 62, 90.
https://doi.org/10.6018/geografia/2016/256351

Calonge Reillo, F. (2017b). Infraestructura de transporte masivo y sustentabilidad urbana. En La
sustentabilidad urbana en via muerta: Gobernanza y participacion ciudadana ante la construccion de
infraestructura de transporte masivo (Primera, pp. 9-46). Estudios Socioldgicos Editora.
http://www.estudiosociologicos.com.ar

Calonge Reillo, F. (2017c). Gobernanza neoliberal. Retos para el ordenamiento de las movilidades urbanas.
Transporte y Territorio, 16, 184-200. https://doi.org/10.34096/rtt.i16.3609

Calonge Reillo, F. (2018a). Condiciones para el uso de la infraestructura de transporte masivo. La linea 3 del
tren ligero en el Area Metropolitana de Guadalajara, México. ACE: Arquitectura, Ciudad y Entorno,
12, 141-160. http://dx.doi.org/10.5821/ace.12.36.4848

Calonge Reillo, F. (2018b). Recursos de movilidad y accesibilidad urbana en los municipios del sur del area
metropolitana de Guadalajara, México. Revista Urbano, 21(38), 48-57.
https://doi.org/10.22320/07183607.2018.21.38.04

Calonge Reillo, F. (2019). Viajando por la periferia del Area Metropolitana de Guadalajara, México. Entre la
pasividad v la agencia. Cuadernos de antropologia social, 50, 67-84.
https://doi.org/10.34096/cas.i50.4966

Calonge Reillo, F., & Aceves Arce, R. H. (2019). Viajando por sectores no centrales del area metropolitana de
Guadalajara, México. La escasez de recursos y de alternativas de transporte como condicionantes de
la exclusidn social. Socioldgica (México), 34(96), 137-168.

Calonge-Reillo, F. (2021). Travel behaviour in contexts of security crisis. Explaining daily use of car in non-
central districts in Guadalajara Metropolitan Area, Mexico. Travel Behaviour and Society, 24, 1-9.
https://doi.org/10.1016/j.tbs.2021.01.006

Campos-Sanchez, F.-S., Abarca-Alvarez, F.-J., Serra-Coch, G., & Chastel, C. (2019). Evaluacién comparativa del

nivel de Desarrollo Orientado al Transporte (dot) en torno a nodos de transporte de grandes

Dimensiones sociales y espaciales del transporte publico 203



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

ciudades: Métodos complementarios de ayuda a la decision. Eure-Revista Latinoamericana De
Estudios Urbano Regionales, 45(134), 5-29. http://dx.doi.org/10.4067/50250-71612019000100005

Capron, G., & Pérez Lopez, R. (2016). La experiencia cotidiana del automdvil y del transporte publico en la
Zona Metropolitana del Valle de México. Alteridades, 26(52), 11-21.

Castafieda Huizar, P., Mendo Gutiérrez, A., & Murillo Sanchez, M. I. (2009). Estrategias metodoldgicas para el
cdlculo de indicadores urbanos: La mineria de fuentes y la construccion social del dato (p. 12) [Red
Nacional de Observatorios Urbanos Locales]. Secretaria de Desarrollo Social. http://rei.iteso.mx/

Castafién Reyes, H. E. (2016). Caracterizacién del ciudadano metropolitano del Area Metropolitana de
Guadalajara. Acuerdo de contribucion entre el Gobierno del Estado de Jalisco y ONU-Habitat. Consejo
Ciudadano Metropolitano. https://www.onuhabitat.org.mx/index.php/construyendo-la-ciudadania-
metropolitana-el-caso-del-area-metropolitana-de-guadalajara-amg

Castafién Reyes, H. E. (2019, agosto 8). Pobreza de transporte y de ciudad: El alza en el pasaje en el Area
Metropolitana de Guadalajara. https://labrujula.nexos.com.mx/?p=2450

Cattaneo, M., Malighetti, P., Morlotti, C., & Paleari, S. (2018). Students’ mobility attitudes and sustainable
transport mode choice. International Journal of Sustainability in Higher Education, 19(5), 942-962.
https://doi.org/10.1108/1JSHE-08-2017-0134

Caywood, M., & Roy, A. (2018, octubre 3). Transport Mobility Is a Human Right. Bloomberg CityLab.
https://www.bloomberg.com/news/articles/2018-10-03/universal-basic-mobility-is-a-human-right

Centro Mario Molina. (2016). Proyecto de Movilidad Escolar para el Area Metropolitana de Guadalajara
(PROME) Etapa 1. http://centromariomolina.org/calidad-del-aire-2/proyecto-de-movilidad-escolar-
para-el-area-metropolitana-de-guadalajara-prome-etapa-1/

CEPAL, C. E. para A. L. y el C. (2020). Anuario Estadistico de América Latina y el Caribe 2019 = Statistical
Yearbook for Latin America and the Caribbean 2019 (2019.® ed.). CEPAL.
https://www.cepal.org/es/publicaciones/45353-anuario-estadistico-america-latina-caribe-2019-
statistical-yearbook-latin

Cerda, M., Morenoff, J. D., Hansen, B. B., Tessari Hicks, K. J., Duque, L. F., Restrepo, A., & Diez-Roux, A. V.

(2012). Reducing Violence by Transforming Neighborhoods: A Natural Experiment in Medellin,

Dimensiones sociales y espaciales del transporte publico 204



o

UNIVERSIDAD

DE GRANADA
a IV. REFERENCIAS Y ANEXOS
Colombia. American Journal of Epidemiology, 175(10), 1045-1053.

https://doi.org/10.1093/aje/kwr428

Cervero, R. (1997). Paradigm shift: From automobility to accessibility planning. Urban Futures (Canberra), 22,
9-20.

Cervero, R., Ferrell, C., & Murphy, S. (2002). Transit-Oriented Development and Joint Development in the
United  States: A  Literature Review. TCRP  Research  Results  Digest, 52.
https://trid.trb.org/view/726711

Cervero, R., & Kockelman, K. (1997). Travel demand and the 3Ds: Density, diversity, and design. Transportation
Research Part D: Transport and Environment, 2(3), 199-219. https://doi.org/10.1016/51361-
9209(97)00009-6

Chao, W., Xinyue, Y., Fu, R., & Qingyun, D. (2018). Check-in behaviour and spatio-temporal vibrancy_ An
exploratory analysis in Shenzhen, China. Elsevier Enhanced Reader, 77, 104-116.
https://doi.org/10.1016/j.cities.2018.01.017

Chen, Y., Zhang, Y., Coffman, D., & Mi, Z. (2021). An environmental benefit analysis of bike sharing in New York
City. Cities, 103475. https://doi.org/10.1016/j.cities.2021.103475

Cheng, J., Tong, S., Su, H., & Xu, Z. (2021). Hourly air pollution exposure and emergency department visit for
acute myocardial infarction: Vulnerable populations and susceptible time window. Environmental
Pollution, 117806. https://doi.org/10.1016/j.envpol.2021.117806

Cheng, J., Yan, R., & Gao, Y. (2020). Exploring spatial heterogeneity in accessibility and transit mode choice.
Transportation Research Part  D: Transport and  Environment, 87, 102521.
https://doi.org/10.1016/j.trd.2020.102521

Chillén, P., Evenson, K. R., Vaughn, A., & Ward, D. S. (2011). A systematic review of interventions for promoting
active transportation to school. International Journal of Behavioral Nutrition and Physical Activity,
8(1), 10. https://doi.org/10.1186/1479-5868-8-10

Clichevsky, N. (2000). Informalidad y segregacion urbana en América Latina: Una aproximacion. ECLAC.

https://repositorio.cepal.org//handle/11362/5712

Dimensiones sociales y espaciales del transporte publico 205



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Cohen, T. (2020). Tools for addressing transport inequality: A novel variant of accessibility measurement.
Journal of Transport Geography, 88, 102863. https://doi.org/10.1016/j.jtrangeo.2020.102863

Colmenero-Fonseca, F., Fonce-Segura, C. D., Guzman-Ramirez, A., & Flores-Garcia, M. (2021). Sustainable
public transport service adapted for people with disabilities and reduced mobility in the municipality
of ledn, guanajuato, mexico. Sustainability (Switzerland), 13(13). Scopus.
https://doi.org/10.3390/su13137471

Commission of the European Communities. (2001). Integrated Policy Aspects of Sustainable Mobility.
Thematic Synthesis of Transport Research Results.

CONANP, C. N. de A. N. P. (National P. N. A. C. (2017). Informacion espacial de las Areas Naturales Protegidas
| gob.mx | CONANP. http://sig.conanp.gob.mx/website/pagsig/info_shape.htm

CONAPO, C. N. de P., México (National Population Council, Mexico). (2016). indice de marginacién por entidad
federativa y municipio 2015. National Population Council.
http://www.gob.mx/conapo/documentos/indice-de-marginacion-por-entidad-federativa-y-
municipio-2015

CONAPOQ, C. N. de P., México (National Population Council, Mexico), Téllez Vazquez, Y., Lopez Ramirez, J., &
Romo Viramontes, R. (2010). indice de marginacién urbana 2010 | Consejo Nacional de Poblacién
CONAPO. http://www.conapo.gob.mx/en/CONAPO/Indice_de_marginacion_urbana_2010

CONEVAL, C. N. de E. de la P. de D. S. (2019a). Metodologia-medicion-multidimensional-3er-edicion.pdf (Vol.
1-500). Coneval.
https://www.coneval.org.mx/InformesPublicaciones/InformesPublicaciones/Documents/Metodolo
gia-medicion-multidimensional-3er-edicion.pdf

CONEVAL, C. N.de E. de laP.de D.S. (2019b). La pobreza urbana en México: Un enfoque geoespacial (p. 19).
CONEVAL (Consejo Nacional de Evaluacion de la Politica de Desarrollo Social).
https://www.coneval.org.mx/Medicion/Documents/Pobreza_urbana/Documentos_metodologicos/

Nota_tecnica.pdf

Dimensiones sociales y espaciales del transporte publico 206



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Coppola, P., & Silvestri, F. (2019). Future mobility and land use scenarios: Impact assessment with an urban
case study. Transportation Research Procedia, 42, 53-63.
https://doi.org/10.1016/j.trpro.2019.12.006

Cérdova Espaiia. (2010). La movilidad urbana y el transporte: En busqueda de un nuevo paradigma. En V. M.
Gonzalez Romero, C. E. Anguiano Gomez, & H. Gutiérrez Pulido (Eds.), 2 décadas en el desarrollo de
Jalisco (pp. 162-180). Gobierno del Estado de Jalisco. http://coepojalisco.blogspot.com/2010/02/del-
libro-dos-decadas-en-el-desarrollo.html

Cruz Solis, H., Jiménez Huerta, E. R., Palomar Anguas, M. del P., & Corona Medina, J. P. (2008). La expansién
metropolitana de Guadalajara en el Municipio de Tlajomulco de Zufiga (México). Serie geogrdfica,
14, 223-234.

Cui, B., Boisjoly, G., ElI-Geneidy, A., & Levinson, D. (2019). Accessibility and the journey to work through the
lens of equity. Journal of Transport Geography, 74, 269-277.
https://doi.org/10.1016/].jtrangeo.2018.12.003

Currie, G. (2009). Australian Urban Transport and Social Disadvantage. Australian Economic Review, 42(2),
201-208. https://doi.org/10.1111/j.1467-8462.2009.00549.x

Currie, G. (2010). Quantifying spatial gaps in public transport supply based on social needs. Journal of
Transport Geography, 18(1), 31-41. https://doi.org/10.1016/j.jtrangeo.2008.12.002

De Jesus, A. L., Thompson, H., Knibbs, L. D., Hanigan, I., De Torres, L., Fisher, G., Berko, H., & Morawska, L.
(2020). Two decades of trends in urban particulate matter concentrations across Australia.
Environmental Research, 190, 110021. https://doi.org/10.1016/j.envres.2020.110021

De Quevedo Garcia Najar, F., Asprilla Lara, Y., & Gonzalez Pérez, M. G. (2017). Entropias de la movilidad urbana
en el espacio metropolitano de Guadalajara: Transporte privado y calidad del aire. Tecnura:
Tecnologia y Cultura Afirmando el Conocimiento, 21(53 (Julio-Septiembre)), 138-140.
https://doi.org/10.14483/22487638.10725

DeAlba-Martinez, H., Grindlay, A. L., & Ochoa-Covarrubias, G. (2021). (In)Equitable Accessibility to Sustainable
Transport from Universities in the Guadalajara Metropolitan Area, Mexico. Sustainability, 13(1), 55.

https://hdl.handle.net/11117/7402. https://doi.org/10.3390/su13010055

Dimensiones sociales y espaciales del transporte publico 207



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Delbosc, A., & Currie, G. (2011a). Transport problems that matter — social and psychological links to transport
disadvantage. Journal of Transport Geography, 19(1), 170-178.
https://doi.org/10.1016/j.jtrange0.2010.01.003

Delbosc, A., & Currie, G. (2011b). Using Lorenz curves to assess public transport equity. Journal of Transport
Geography, 19(6), 1252-1259. https://doi.org/10.1016/j.jtrangeo.2011.02.008

Delclos-Alio, X., & Miralles, C. (2018). Looking at Barcelona through Jane Jacobs’s eyes: Mapping the basic
conditions for urban vitality in a Mediterranean conurbation. Land Use Policy, 75, 505-517.
https://doi.org/10.1016/j.landusepol.2018.04.026

Delfin Ortega, O. V., & Melo Vazquez, A. (2017). Eficiencia del transporte publico en la ciudad de Morelia,
Michoacan (México) en el afio 2015: Un analisis de la envolvente de datos. Revista Facultad de
Ciencias Econémicas: Investigacion y Reflexidn, 25(2), 7-23. https://doi.org/10.18359/rfce.3066

Diaz Olvera, L., Pierre, L., Plat, D., & Pochet, P. (2017). Inégalités de mobilité et de dépenses de transport a
Guadalajara (Mexique). “Cities and regions in a changing Europe: challenges and prospects”, 24.
https://halshs.archives-ouvertes.fr/halshs-01557998

Duarte, F., & Rojas, F. (2012). Intermodal Connectivity to BRT: A Comparative Analysis of Bogota and Curitiba.
Journal of Public Transportation, 15(2), 1-18. https://doi.org/10.5038/2375-0901.15.2.1

ECLA, «Economic Commission for Latin America and the Caribbean». (2019). CEPALSTAT Perfil Social MEX.
http://estadisticas.cepal.org/cepalstat/Perfil_Nacional_Social.htm|?pais=MEX&idioma=spanish

El Informador. (2019, enero 9). Guadalajara “gana” a la CDMX en muy mala calidad del aire. El Informador ::
Noticias de Jalisco, México, Deportes & Entretenimiento. https://www.informador.mx/Guadalajara-
gana-a-la-CDMX-en-muy-mala-calidad-del-aire-1201901090001.html

El-Geneidy, A., Buliung, R., Diab, E., van Lierop, D., Langlois, M., & Legrain, A. (2016). Non-stop equity:
Assessing daily intersections between transit accessibility and social disparity across the Greater
Toronto and Hamilton Area (GTHA). Environment and Planning B: Planning and Design, 43(3), 540-

560. https://doi.org/10.1177/0265813515617659

Dimensiones sociales y espaciales del transporte publico 208



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Environmental Protection Agency, (EPA). (20164, abril 26). Health and Environmental Effects of Particulate
Matter (PM) [Overviews and Factsheets]. https://www.epa.gov/pm-pollution/health-and-
environmental-effects-particulate-matter-pm

Environmental Protection Agency, (EPA). (2016b, julio 5). The AQI Equation. Air Now Discussion Forum.
https://forum.airnowtech.org/t/the-agi-equation/169

Environmental Protection Agency, (EPA). (2021). Air Quality Index Basics. AirNow.gov, U.S. EPA.
https://www.airnow.gov/aqgi/aqi-basics

Ermagun, A., & Tilahun, N. (2020). Equity of transit accessibility across Chicago. Transportation Research Part
D: Transport and Environment, 86, 102461. https://doi.org/10.1016/j.trd.2020.102461

Esquivel-Cuevas, M., Hernandez-Mercado, O. A., & Garnica-Monroy, R. (2013). Pedestrian Accessibility Model.
Pedestrian accessibility index at neighborhood scale. Bitdcora Urbano Territorial, 23(2), 21-30.

Fandio, C., Maheu, M., Nicolas, J.-P., Bouzouina, L., & Déprés, C. (2020). La prise en compte de I'équité dans
les politiques de mobilité urbaine. Les cas de Clermont-Ferrand et Lyon. Canadian Journal of Regional
Science / Revue canadienne des sciences régionales, 43(1), 28-38.
https://doi.org/10.7202/1083579%ar

Ferbrache, F. (Ed.). (2019). The value of bus rapid transit in urban spaces. Edward Elgar Publishing.
https://www.elgaronline.com/view/edcoll/9781788110907/9781788110907.00005.xml

Ferbrache, F., & Knowles, R. D. (2017). City boosterism and place-making with light rail transit: A critical review
of light rail impacts on city image and quality. Geoforum, 80, 103-113.
https://doi.org/10.1016/j.geoforum.2017.01.013

Figueredo, D. C. G., DeAlba-Martinez, Egurrola Hernandez, E. A., & De los Reyes Corona, S. A. (2018). Andlisis
de riesgo ante eventos de mala calidad del aire en el Area Metropolitana de Guadalajara Informe
para SEMADET Jalisco (p. 37) [Investigacion aplicada]. Instituto Tecnoldgico y de Estudios Superiores
de Occidente (ITESO), México.

Figueroa, O. (2005). Transporte urbano y globalizacidn: Politicas y efectos en América Latina. EURE (Santiago),

31(94), 41-53. https://doi.org/10.4067/50250-71612005009400003

Dimensiones sociales y espaciales del transporte publico 209



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Filion, P., & McSpurren, K. (2007). Smart Growth and Development Reality: The Difficult Co-ordination of Land
Use and Transport Objectives. Urban Studies, 44(3), 501-523.
https://doi.org/10.1080/00420980601176055

Franco Cordero, L. (2014). La movilidad sostenible en campus universitarios: Una comparacion de las mejores
practicas en Estados Unidos y Europa. Aplicabilidad en universidades venezolanas. Revista de la
Facultad de Ingenieria Universidad Central de Venezuela, 29(2), 23-40.

Fransen, K., Neutens, T., Farber, S., De Maeyer, P., Deruyter, G., & Witlox, F. (2015). Identifying public
transport gaps using time-dependent accessibility levels. Journal of Transport Geography, 48, 176-
187. https://doi.org/10.1016/j.jtrangeo.2015.09.008

Freudendal-Pedersen, M. (2009). Mobility in Daily Life: Between Freedom and Unfreedom. Ashgate Publishing,
Ltd.

Furlan, D. R. (2017). Light rail transit (LRT) and transit villages in Qatar: A planning strategy to revitalise the
built environment of Doha. Journal of Urban Regeneration and Renewal, 10(4), 1-20.

Garcia-Morales, M. J. (2020). Movilidad urbana en las universidades del Area Metropolitana de Guadalajara
(AMG), México. Un acercamiento a la sustentabilidad [Estudio de caso, ITESO the Jesuit University of
Guadalajara). https://rei.iteso.mx/handle/11117/6134

Ghorbanzadeh, M., Kim, K., Ozguven, E. E., & Horner, M. W. (2020). A comparative analysis of transportation-
based accessibility to mental health services. Transportation Research Part D: Transport and
Environment, 81, 102278. https://doi.org/10.1016/j.trd.2020.102278

Gibbons, M. (1998). Higher Education Relevance in the 21st Century (p. 73) [Speeches/Meeting Papers]. World
Bank. https://files.eric.ed.gov/fulltext/ED453721.pdf

Giraldo, G., Morales, J., & Granada Vahos, J. (2009). Territorial Public Politics As Networks of Public Policies
and Local Governance: The Experience of the Design and Formulation of the Public Policies on Forced
Displacement in the Department of Antioquia and the City of Medellin. Estudios Politicos,
35(Medellin, julio-diciembre de 2009), 81-105.

Giuntini, A., Hertner, P., & NUfiez Romero-Balmas, G. (2004). Urban Growth on Two Continents in the 19th and

20th Centuries: Technology, Networks, Finance and Public Regulation. Introduction. Comares.

Dimensiones sociales y espaciales del transporte publico 210



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Glaeser, E. L., Kominers, S. D., Luca, M., & Naik, N. (2015). Big Data and Big Cities: The Promises and Limitations
of Improved Measures of Urban Life. 16-065, 41.
Global BRT Data. (2021). Global BRT Data. https://brtdata.org/location/latin_america/mexico/monterrey/
Gobierno del Estado de Jalisco, (Jalisco State Government, Mexico). (s. f.). MiBici | Sistema de Bicicletas
Publicas del AMG. MiBici. Recuperado 9 de septiembre de 2021, de https://www.mibici.net/
Gobierno del Estado de Jalisco, (Jalisco State Government, Mexico). (2013). Programa Sectorial de Movilidad
Sustentable. Direccion de Publicaciones del Estado de Jalisco.
hhttps://transparencia.info.jalisco.gob.mx

Gobierno del Estado de Jalisco, (Jalisco State Government, Mexico). (2021, septiembre 13). MiBici |Datos
abiertos. MiBici. https://www.mibici.net/es/datos-abiertos/

Goldwyn, E., & Vergel-Tovar, C. E. (s. f.). Mapping the unmapped transit network of Bogotd, Colombia. 1.

Gbémez-Varo, ., Delclos-Alid, X., & Miralles-Guasch, C. (2022). Jane Jacobs reloaded: A contemporary
operationalization of wurban vitality in a district in Barcelona. Cities, 123, 103565.
https://doi.org/10.1016/j.cities.2022.103565

Gori, S., Mannini, L., & Petrelli, M. (2020). Equity measures for the identification of public transport needs.
Case Studies on Transport Policy, 8(3), 745-757. https://doi.org/10.1016/j.cstp.2020.06.006

Gorz, A (1973). L'idéologie sociale de la bagnole - 1973. Le  Sauvage.
http://carfree.fr/index.php/2008/02/02/lideclogie-sociale-de-la-bagnole-1973/

Graglia, A. D. (2016). Finding mobility: Women negotiating fear and violence in Mexico City’s public transit
system. Gender, Place & Culture, 23(5), 624-640. https://doi.org/10.1080/0966369X.2015.1034240

Grindlay, A. L., Jaramillo, C., & Lizarraga, C. (2018). Spatial Relationships Between Mobility Opportunities and
Constraints of Transport Disadvantages: The Case of Santiago De Cali, Colombia. En S. Ricci & C. A.
Brebbia (Eds.), Urban Transport Xxiii (Vol. 176, pp. 119-129). Wit Press.
https://www.witpress.com/books/978-1-78466-209-7

Grindlay, A. L., Molero, E., Miralles-Guasch, C., & Lizarraga, C. (2015). Environmental Impacts for Everyday
Mobility in Andalusia (Spain) Towards a Sustainable Scenario? WIT Transactions on Ecology and the

Environment. The Sustainable City X, 194, 373-384.

Dimensiones sociales y espaciales del transporte publico 211



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Grindlay, A. L., Ochoa-Covarrubias, G., & Lizarraga, C. (2021). Sustainable Mobility and Urban Space Quality:
The Case of Granada, Spain. International Journal of Transport Development and Integration, 5(4),
309-326. https://doi.org/10.2495/TDI-V5-N4-309-326

Grindlay Moreno, Lizarraga Mollinedo, & Jaramillo Molina, C. (2012). Renovacion urbana y sistemas
integrados de transporte masivo en Latinoameérica: El caso de Santiago de Cali (Colombia). Congreso
Espafiol de Ingenieria del Transporte CIT, Granada, Spain.

Guerra, E., Caudillo, C., Monkkonen, P., & Montejano, J. (2018a). Urban form, transit supply, and travel
behavior in Latin America_ Evidence from Mexico’s 100 largest urban areas | Elsevier Enhanced
Reader. Transport Policy, 69, 98-105. https://doi.org/10.1016/j.tranpol.2018.06.001

Guerra, E., Caudillo, C., Monkkonen, P., & Montejano, J. (2018b). Urban form, transit supply, and travel
behavior in Latin America: Evidence from Mexico’s 100 largest urban areas. Transport Policy, 69, 98-
105. https://doi.org/10.1016/j.tranpol.2018.06.001

Guerrero Contreras, F., & Valenzuela Montes, L. M. (2020). Desarrollo orientado al transporte y sistemas BRT:
écomo potenciar el Macrobus como proyecto urbano para la ciudad de Guadalajara? En O. Figueroa
Monsalve, L. M. Valenzuela Montes, & Brasileiro (Eds.), Desafios del desarrollo urbano sostenible en
el transporte y la movilidad (pp. 305-326). El Colegio Mexiquense, A. C.

Guthrie, A. (2018). Can Transit-Oriented Development Enhance Social Equity: Current State and Active
Promotion of Equitable Transit-Oriented  Development  [University —of Minnesota].
http://conservancy.umn.edu/handle/11299/200181

Guthrie, A., Fan, Y., Van Dort, L., & Baas, G. (2019). Advancing Transportation Equity: Research and Practice
(CTS 19-08; p. 81). Minnesota Department of Transportation.
https://www.dot.state.mn.us/planning/program/advancing-transportation-equity/pdf/CTS$%2019-
08.pdf

Gutiérrez-Puebla, J., Garcia-Palomares, J. C., Alventosa, C., Redondo, J. C., & Paniagua, E. (2002). Accesibilidad
peatonal a la red sanitaria de asistencia primaria en Madrid. Anales de Geografia de la Universidad

Complutense, Extra 1, 269-280.

Dimensiones sociales y espaciales del transporte publico 212



: UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Guzman, L. A. (2018). A strategic and dynamic land-use transport interaction model for Bogota and its region.
Transportmetrica B: Transport Dynamics, 1-19. https://doi.org/10.1080/21680566.2018.1477636

Guzman, L. A, & Bocarejo, J. P. (2017). Urban form and spatial urban equity in Bogota, Colombia.
Transportation Research Procedia, 25, 4491-4506. https://doi.org/10.1016/j.trpro.2017.05.345

Guzman, L. A, de la Hoz, D., & Circella, G. (2015). Evaluation of synergies from transportation policy packages
using a social welfare maximization approach: A case study for Madrid, Spain. Case Studies on
Transport Policy, 3(1), 99-110. https://doi.org/10.1016/j.cstp.2014.07.004

Guzman, L. A., & Oviedo, D. (2018). Accessibility, affordability and equity: Assessing ‘pro-poor’ public transport
subsidies in Bogota. Transport Policy, 68, 37-51. https://doi.org/10.1016/j.tranpol.2018.04.012

Guzman, L. A, Oviedo, D., Arellana, J., & Cantillo-Garcia, V. (2021). Buying a car and the street: Transport
justice and urban space distribution. Transportation Research Part D: Transport and Environment, 95,
102860. https://doi.org/10.1016/j.trd.2021.102860

Guzman, L. A., Oviedo, D., & Rivera, C. (2017). Assessing equity in transport accessibility to work and study:
The Bogota region. Journal of Transport Geography, 58, 236-246.
https://doi.org/10.1016/j.jtrange0.2016.12.016

Haghshenas, H., & Vaziri, M. (2012). Urban sustainable transportation indicators for global comparison.
Ecological Indicators, 15(1), 115-121. https://doi.org/10.1016/j.ecolind.2011.09.010

Hall, P. (2003). A European Perspective on the Spatial Links between Land Use, Development and Transport.
En D. Banister (Ed.), Transport and Urban Development (pp. 65-88). E & FN Spon.

Hall, P., & Tewdwr-Jones, M. (2011). Urban & Regional Planning. Routledege.

Hancock, L., & Nuttman, S. (2014). Engaging higher education institutions in the challenge of sustainability:
Sustainable transport as a catalyst for action. Journal of Cleaner Production, 62, 62-71.
https://doi.org/10.1016/].jclepro.2013.07.062

Handy, S. (2020). Is accessibility an idea whose time has finally come? Transportation Research Part D:
Transport and Environment, 83, 102319. https://doi.org/10.1016/j.trd.2020.102319

Handy, S., & Niemier, D. A. (1997). Measuring Accessibility: An Exploration of Issues and Alternatives.

Environment and Planning A, 29, 1175-1194.

Dimensiones sociales y espaciales del transporte publico 213



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Hansen, W. G. (1959). How Accessibility Shapes Land Use. Journal of the American Institute of Planners, 25(2),
73-76. https://doi.org/10.1080/01944365908978307

Harner, J., Jiménez Huerta, E. R., & Cruz Solis, H. (2018). Housing and Urban Growth in Guadalajara, Mexico 1.
En C. Silver, R. Freestone, & C. Dematziere (Eds.), Dialogues in Urban and Regional Planning 6 | The
Right to the City (pp. 121-149). Routledge. https://www.taylorfrancis.com/books/e/9781315628127

Harris, B. (2001). Accessibility: Concepts and Applications. En Journal of Transport and Statistics (Vol. 4, pp.
15-30). Bureau of Transportation Statistics, U.S. Department of Transportation.

Heilmann, K. (2018). Transit access and neighborhood segregation. Evidence from the Dallas light rail system.
Regional Science and Urban Economics, 73, 237-250.
https://doi.org/10.1016/j.regsciurbeco.2018.10.007

Hensher, D. A., Ho, C., & Mulley, C. (2015). Identifying preferences for public transport investments under a
constrained budget. Transportation Research Part A: Policy and Practice, 72, 27-46.
https://doi.org/10.1016/j.tra.2014.12.002

Hensher, D., Mulley, C., & Rose, J. (2016). Preferences for BRT and light rail. En J. C. Munoz & L. Paget-Seekins
(Eds.), The Promise of BRT (pp. 209-229). Policy Press.

Hernandez, D. (2018). Uneven mobilities, uneven opportunities: Social distribution of public transport
accessibility to jobs and education in Montevideo. Journal of Transport Geography, 67, 119-125.
https://doi.org/10.1016/j.jtrange0.2017.08.017

Herrera, L. (2018, diciembre 21). El tren que arroll6 a la ONU. Reporte Indigo.
https://www.reporteindigo.com/reporte/el-tren-que-arrollo-a-la-onu-vigilancia-gasto-sobrecosto-
obras/

Hidayati, I., Tan, W., & Yamu, C. (2021). Conceptualizing Mobility Inequality: Mobility and Accessibility for the
Marginalized. Journal of Planning Literature, 1-16. https://doi.org/10.1177/08854122211012898

Higgins, C., Ferguson, M., & Kanaroglou, P. (2014). Light Rail and Land Use Change: Rail Transit’s Role in
Reshaping and Revitalizing Cities. Journal of Public Transportation, 17(2), 93-112.

https://doi.org/10.5038/2375-0901.17.2.5

Dimensiones sociales y espaciales del transporte publico 214



X

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Hine, J. (2003). In Integrated Futures and Transport Choices: Uk Transport Policy beyond the 1998 White Paper
and Transport Acts. En Social inclusion and transport. (Hine, J., Preston, J., pp. 41-54). Ashgate.

Hine, J. (2009). Transport and Social Exclusion. En R. Kitchin & N. Thrift (Eds.), International Encyclopedia of
Human Geography (pp. 429-434). Elsevier. https://doi.org/10.1016/B978-008044910-4.01034-8

Hine, J., & Mitchell, F. (2003). Transport disadvantage and social exclusion: Exclulsionary Mechanisms in
Transport in Urban Scotland. Ashgate.

Hine, J., & Mitchell, F. (2016). Transport disadvantage and social exclusion: Exclusionary mechanisms in
transport in urban Scotland. Routledge.

Huang, R., Moudon, A. V., Zhou, C., Stewart, O. T., & Saelens, B. E. (2017). Light rail leads to more walking
around station areas. Journal of Transport & Health, 6, 201-208.
https://doi.org/10.1016/j.jth.2017.02.002

Ibraeva, A., Correia, G. H. D. A,, Silva, C., & Antunes, A. P. (2020). Transit-oriented development: A review of
research achievements and challenges. Transportation Research Part A: Policy and Practice, 132, 110-
130. Scopus. https://doi.org/10.1016/j.tra.2019.10.018

Ibrahim, A. N. H., Borhan, M. N., & Rahmat, R. A. O. K. (2020). Understanding Users’ Intention to Use Park-
and-Ride Facilities in Malaysia: The Role of Trust as a Novel Construct in the Theory of Planned
Behaviour. Sustainability, 12(6), 2484. https://doi.org/10.3390/su12062484

Iglesias-Merchan, C., Laborda-Somolinos, R., Gonzalez-Avila, S., & Elena-Rosselld, R. (2021). Spatio-temporal
changes of road traffic noise pollution at ecoregional scale. Environmental Pollution, 286, 117291.
https://doi.org/10.1016/j.envpol.2021.117291

IIEGJal, "Institute of Statistical and Geographic Information of the State of Jalisco, Mexico". (2012). Road and
Highway Atlas of the State of Jalisco (2012.2 ed.) [Vectorial].
https://datos.gob.mx/busca/dataset/atlas-de-caminos-y-carreteras-del-estado-de-jalisco-2012--
carretera

IIEGJal, "Institute of Statistical and Geographic Information of the State of Jalisco, Mexico". (2016). Grado de

marginacion por colonia. https://datos.jalisco.gob.mx/dataset/grado-de-marginacion-por-colonia

Dimensiones sociales y espaciales del transporte publico 215



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

IMCO, «Mexican Institute for Competitiveness». (2019, enero 31). indice de Movilidad Urbana 2018: Barrios
mejor conectados para ciudades mas equitativas. Instituto Mexicano para la Competitividad A.C.
https://imco.org.mx/banner_es/indice-movilidad-urbana-2018-barrios-mejor-conectados-ciudades-
mas-equitativas/

Criterios para la Prueba Piloto relativa a la Implementacion de los Sistemas de Transporte Individual en Red
en sus diferentes modalidades para el Area Metropolitana de Guadalajara, Sistemas de Transporte
Individual en Red (STIR) 12. Recuperado 16 de diciembre de 2020, de
https://drive.google.com/file/d/1e9yDm5aM_KVNMhuNU8s7aaBsHNtL-MOS/view?usp=sharing

Criterios para la prueba piloto relativos a la implementacién del sistema de bicicletas sin anclaje en el Area
Metropolitana de Guadalajara, 6.

IMEPLAN, I. M. de P. (Metropolitan P. |., Guadalajara, Mexico). (s. f.). Home | IMEPLAN. Recuperado 16 de
diciembre de 2020, de https://www.imeplan.mx/en/home

IMEPLAN, I. M. de P. (Metropolitan P. I., Guadalajara, Mexico). (2015). Area Metropolitana de Guadalajara.
Expansion urbana. Andlisis y  prospectiva: 1970-2045 (p. 61). IMEPLAN.
https://www.researchgate.net/profile/Viacheslav_Shalisko/publication/282657516_Expansion_urb
ana_Area_Metropolitana_de_Guadalajara_Analisis_y_prospectiva_1970-
2045/links/561670dc08ae2467f68640fa/Expansion-urbana-Area-Metropolitana-de-Guadalajara-
Analisis-y-prospectiva-1970-2045.pdf

IMEPLAN, I. M. de P. (Metropolitan P. I., Guadalajara, Mexico). (2016a). Plan de Ordenamiento Territorial
Metropolitana del AMG. http://imeplan.mx/sites/default/files/IMEPLAN/POTmet_lIIFB-BajaRes.pdf

IMEPLAN, |I. M. de P. (Metropolitan P. |, Guadalajara, Mexico). (2016b). Programa de Desarrollo
Metropolitano del Area Metropolitana 2.0 Guadalajara, 2042.
http://imeplan.mx/sites/default/files/IMEPLAN/PDM-Vjunta_2.pdf

IMEPLAN, I. M. de P. (Metropolitan P. |., Guadalajara, Mexico). (2018). Bus network geometry in the

Guadalajara Metropolitan Area [Archivo Shape]. https://sigmetro.imeplan.mx/login

Dimensiones sociales y espaciales del transporte publico 216



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

IMEPLAN, |. M. de P. (Metropolitan P. |., Guadalajara, Mexico). (2019, junio 12). INFOMEX 04124919. Datos
técnicos de transporte.
https://www.secciones.hacienda.gob.mx/work/models/sci/cartera_publica/#/busqueda

IMEPLAN, |I. M. de P. (Metropolitan P. I, Guadalajara, Mexico). (2020). SIGmetro.
https://sigmetro.imeplan.mx/mapa

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2010a). National Survey of Population and Housing.
INEGI. https://en.www.inegi.org.mx/programas/ccpv/2010/

INEGI, I. N. de E. y G. (National I. of S. and G. Mexico). (2010b). SCINCE Web.
http://gaia.inegi.org.mx/scince2/viewer.html

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2014). Conjunto de datos vectoriales de informacién
topogrdfica F13D65 Guadalajara Oeste escala 1:50 000 serie Il (Serie ) [Vectoriall].
https://www.inegi.org.mx/app/biblioteca/ficha.html|?upc=702825270544

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2015a). Conjunto de datos vectoriales de informacion
topogrdfica F13D55 Tesistdn. San Francisco Tesistdn escala 1:50 000 serie Il (Serie Ill) [Vectorial].
INEGI. https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825270490

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2015b). Conjunto de datos vectoriales de informacion
topogrdfica F13D75 Jocotepec escala 1:50 000 serie Il (Serie Ill) [Vectoriall.
https://www.inegi.org.mx/app/biblioteca/ficha.html|?upc=702825270605

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2017). National Road Network.
https://datos.gob.mx/busca/dataset/red-nacional-de-caminos-rnc

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2019a). National Statistical Directory of Economic Units
(DENUE, from its initials in Spanish). https://www.inegi.org.mx/app/descarga/

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2019b). Marco Geoestadistico (2019.? ed.) [Vectorial].
https://www.inegi.org.mx/app/biblioteca/ficha.html|?upc=889463776079

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2019c). Directorio Estadistico Nacional de Unidades
Econdmicas (DENUE) (2019.2 ed.) [Vectorial]. Instituto Nacional de Estadistica y Geografia. INEGI.

https://www.inegi.org.mx/app/descarga/default.html

Dimensiones sociales y espaciales del transporte publico 217



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2020a). Censo Poblacién y Vivienda 2020.
https://www.inegi.org.mx/programas/ccpv/2020/default.html#Microdatos

INEGI, I. N. de E. y G. (National I. of S. and G., Mexico). (2020b). Marco Geoestadistico. Censo de Poblacion y
vivienda 2020 [Vectorial]. Instituto Nacional de Estadistica y Geografia. INEGI.
https://www.inegi.org.mx/temas/mg/#Descargas

Programa General de Transporte del Estado de Jalisco, TOMO CCCLXXXV El Estado de Jalisco Periddico Oficial
§ 49 IV (2016). periodicooficial.jalisco.gob.mx

Instituto Nacional de Ecologia y Cambio Climatico, J. (2020). Informe Nacional de la Calidad del Aire 2019,
Meéxico (Anual N.° 2019; Informe Nacional de la Calidad del Aire, p. 343). Coordinacion General de
Contaminacién y Salud Ambiental, Direccién de Investigacidon de Calidad del Aire y contaminantes
Climéticos. https://sinaica.inecc.gob.mx/pags/informes.php

ITDP. (2020, septiembre 11). Access: What Does It Tell Us? Institute for Transportation and Development
Policy. https://www.itdp.org/2020/09/11/access-what-does-it-tell-us/

ITDP, I. for T. and D. Policy. M. (2013). Desarrollo Orientado al Transporte. Regenerar las ciudades mexicanas
para mejorar la movilidad (ISBN 978-607-8288-04-5). ITDP - Embajada Britdanica en México.
http://mexico.itdp.org/wp-content/uploads/Desarrollo-Orientado-al-Transporte.pdf

ITDP, I. for T. and D. Policy. M. (2015). Instrumentos para el desarrollo orientado al transporte. Hacia ciudades
bajas  en emisiones (p. 104). ITDP - USAID. http://mexico.itdp.org/wp-
content/uploads/Instrumentos-para-el-Desarrollo-Orientado-al-Transporte.pdf

ITDP, I. for T. and D. Policy. M. (2018, abril 18). Getting TOD Right in Guadalajara. Institute for Transportation
and Development Policy. https://www.itdp.org/2018/04/18/getting-tod-right-guadalajara/

ITDP, Institute for Transportation and Development Policy. Mexico, Medina Cardona, S. N., & Pérez Campos,
A. B. (2021). Ranking ciclociudades 2020. Desemperio de las politicas de movilidad en bicicleta en
ciudades mexicanas (Ranking ciclociudades, p. 59) [Anual]. ITDP. http://ciclociudades.mx/ranking-
ciclociudades-2020/

ITDP, Institute for Transportation and Development Policy. Mexico, Medina Cardona, S. N., Pérez Campos, A.

B., & Mareike Wegmann, J. (2020). Ranking ciclociudades 2019. Desempefio de las politicas de

Dimensiones sociales y espaciales del transporte publico 218



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

movilidad en bicicleta en ciudades mexicanas (Anual N.° 2019; Ranking ciclociudades, p. 62). ITDP.
http://ciclociudades.mx/ranking-ciclociudades-2019/

Jacobs, J. (1961). The death and life of great American cities. Vintage Books.

Jalisco Cémo Vamos, Garibaldi, F., Rodriguez, F., & Soto, E. (2020). Moverse en Guadalajara 2020 (p. 66).
Jalisco Cdmo Vamos. http://jaliscocomovamos.org/moverse-en-gdI|-2020

Jalisco Cobmo Vamos, & Rodriguez Rodriguez, E. F. (2019, enero 8). Moverse en GDL. Jalisco Cémo Vamos.
http://www.jaliscocomovamos.org/moverse-en-gdl

Jalisco, G. del E. de J. (Government of the S. of J. (2018). Encuesta de satisfaccion de los usuarios del transporte
publico en el Area Metropolitana de Guadalajara (p. 205). https://www.polymetrix.mx/

Jalisco, G. del E. de J. (Government of the S. of J. (2019). Plan Estatal de Gobernanza y Desarrollo de Jalisco
2018—2024. Vision 2030. Diagndstico. Gobierno del Estado de  Jalisco.
https://plan.jalisco.gob.mx/sites/default/files/2019-09/Diagnostico.pdf

Jalisco, G. del E. de J. (Government of the S. of J. (2020a). Apoyo al transporte para estudiantes. Sistema de
Monitoreo de acciones y programas publicos.
https://programas.app.jalisco.gob.mx/programas/apoyo/Apoyo-al-transporte-para-
estudiantes/663

Jalisco, G. del E. de J. (Government of the S. of J. (2020b, diciembre 9). Mi Macro Periférico.
https://mimacro.jalisco.gob.mx

Jaramillo, C., Lizarraga, C., & Grindlay, A. L. (2012). Spatial disparity in transport social needs and public
transport provision in Santiago de Cali (Colombia). Journal of Transport Geography, 24, 340-357.
https://doi.org/10.1016/j.jtrange0.2012.04.014

Jia, H., Pan, J., Huo, J., Fu, Q., Duan, Y., Lin, Y., Hu, X., & Cheng, J. (2021). Atmospheric black carbon in urban
and traffic areas in Shanghai: Temporal variations, source characteristics, and population exposure.
Environmental Pollution, 289, 117868. https://doi.org/10.1016/j.envpol.2021.117868

Jiang, L., Hagen-Zanker, A., Kumar, P., & Pritchard, J. (2021). Equity in job accessibility and environmental
quality in a segmented housing market: The case of Greater London. Journal of Transport Geography,

90, 102908. https://doi.org/10.1016/j.jtrangeo.2020.102908

Dimensiones sociales y espaciales del transporte publico 219



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Jirdn, P. (2007). Unravelling Invisible Inequalities in the City through Urban Daily Mobility. The Case of Santiago
de Chile. Swiss Journal of Sociology, 45-68.

Jirén, P., & Mansilla, P. (2013). Atravesando la espesura de la ciudad: Vida cotidiana y barreras de accesibilidad
de los habitantes de la periferia urbana de Santiago de Chile. Revista de geografia Norte Grande, 56,
53-74. https://doi.org/10.4067/50718-34022013000300004

Johnson, V., Currie, G., & Stanley, J. (2010). Measures of Disadvantage: Is Car Ownership a Good Indicator?
Social Indicators Research, 97(3), 439-450. https://doi.org/10.1007/s11205-009-9510-1

Jolliffe, 1. (2002). Principal component analysis for special types of data. Springer.

Kahlmeier, S., Gétschi, T., Cavill, N., Castro Fernandez, A., Brand, C., Rojas-Rueda, D., Woodcock, J., Kelly, P.,
Lieb, C., Oja, P., Foster, C., Rutter, H., & Racioppi, F. (2017). Health economic assessment tool (HEAT)
for walking and for cycling. (20172 ed.). WHO Regional Office for Europe.
https://www.who.int/publications-detail-redirect/health-economic-assessment-tool-(heat)-for-
walking-and-for-cycling

Kamruzzaman, M., Yigitcanlar, T., Yang, J., & Mohamed, M. A. (2016). Measures of Transport-Related Social
Exclusion: A Critical Review of the Literature.  Sustainability, 8(7  (696)).
https://doi.org/10.3390/su8070696

Kansky, K. J. (1963). Structure of transportation networks: Relationships between network geometry and
regional characteristics [University of Chicago].
https://catalog.lib.uchicago.edu/vufind/Record/3406086

Kasraian, D., Maat, K., Stead, D., & Wee, B. van. (2016). Long-term impacts of transport infrastructure
networks on land-use change: An international review of empirical studies. Transport Reviews, 36(6),
772-792. https://doi.org/10.1080/01441647.2016.1168887

Kathuria, A., Rajendran, B. G., Parida, M., & Sekhar, C. R. (2019). Examining Walk Access to BRT Stations: A
Case Study of Ahmedabad BRTs. Institute of Transportation Engineers. ITE Journal;, Washington,

89(5), 43-49.

Dimensiones sociales y espaciales del transporte publico 220



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Kelobonye, K., McCarney, G., Xia, J. (Cecilia), Swapan, M. S. H., Mao, F., & Zhou, H. (2019). Relative accessibility
analysis for key land uses: A spatial equity perspective. Journal of Transport Geography, 75, 82-93.
https://doi.org/10.1016/j.jtrange0.2019.01.015

Kenyon, S. (2002). Tackling transport-related social exclusion: Considering virtual access to opportunities,
services and social networks. New Technology in the Human Services, 14(3/4), 10-22.

Kenyon, S., Lyons, G., & Rafferty, J. (2002). Transport and social exclusion: Investigating the possibility of
promoting inclusion through virtual mobility. Journal of Transport Geography, 10(3), 207-219.
https://doi.org/10.1016/S0966-6923(02)00012-1

King, R. (1978). Social impact of transport related changes: A classification of residential areas. AIR 268-1, 31p.

King, R. J. (1983). Some Problems in Assessing the Social Effects of Transport Related Plans. Australian Road
Research, 13(4), 271-284.

Knowles, R. D., Ferbrache, F., & Nikitas, A. (2020). Transport’s historical, contemporary and future role in
shaping urban development: Re-evaluating transit oriented development. Cities, 99, 102607.
https://doi.org/10.1016/j.cities.2020.102607

Lamiquiz Daudén, F. J. (2011). Implicaciones de la accesibilidad configuracional en la movilidad peatonal. El
caso de Madrid [Universidad Politécnica de Madrid]. http://oa.upm.es/15031

Landrigan, P. J. (2017). Air pollution and health. The Lancet Public Health, 2(1), e4-e5.
https://doi.org/10.1016/52468-2667(16)30023-8

Lazo, A. (2008). Transporte, movilidad y exclusion. El caso de Transantiago en Chile. Scripta Nova. Revista
Electronica de Geografia y Ciencias Sociales, X11(270(45)), 15.

Lejda, K., Madziel, M., Siedlecka, S., & Zielinska, E. (2017). The future of public transport in light of solutions
for sustainable transport development. Zeszyty Naukowe. Transport / Politechnika Slgska, z. 95.
https://doi.org/10.20858/sjsutst.2017.95.10

Lesteven, G., & Boutueil, V. (2018). Is Paratransit A Key Asset For A Sustainable Urban Mobility System?
Insights From Three African Cities. 018 TRB Annual Meeting: Compendium of Papers, 17.

https://hal.archives-ouvertes.fr/hal-01968873

Dimensiones sociales y espaciales del transporte publico 221



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Levine, J. (2020). A century of evolution of the accessibility concept. Transportation Research Part D: Transport
and Environment, 83, 102309. https://doi.org/10.1016/j.trd.2020.102309

Lien, Y.-N., Wang, J.-D., Pan, S.-H., Ho, C.-Y., & Liao, S.-C. (2020). Analysis of Bus Commuting Time of High
School Students in Taichung City, Taiwan. Advances in Decision Sciences, 24(2), 167-189.

Lindau, L. antonio, Moreira de Silva, C. A., Petzhold, G., & Facchini, D. (2016). Global overview of BRT and bus
corridors. En J. C. Munoz & L. Paget-Seekins (Eds.), The Promise of BRT (pp. 15-28). Policy Press.

Litman, T. (2002). Evaluating Transportation Equity. World Transport Policy & Practice, 8(2), 50-65.

Litman, T. (2012). Evaluating Accessibility for Transportation Planning. Measuring People’s Ability To Reach
Desired Goods and Activities. Victoria Transport Policy Institute, 50.

Lizarraga, C. (2012). Metropolitan expansion and mobility: The case of Caracas. Eure-Revista Latinoamericana
De  Estudios Urbano  Regionales, 38(113), 99-125. https://doi.org/10.4067/5S0250-
71612012000100005

Lizarraga, C., Grindlay, A. L., & Ochoa-Covarrubias, G. (2020). Evaluating public transport social exclusion in
Guadalajara, Mexico. En S. Syngellakis (Ed.), WIT Transactions on the Built Environment (Vol. 200, pp.
195-203). WIT Press; https://hdl.handle.net/11117/7405.
https://www.wessex.ac.uk/2011/HBNFE452/UT20-9781784664091.pdf

Lépez, R. P. (2013). El sistema de bicicletas publicas «Ecobici»: Del cambio modal al cambio social.
https://halshs.archives-ouvertes.fr/halshs-00850104

Lépez, R. P. (2017). Vinculos entre la bicicleta utilitaria, recreativa y deportiva: Anélisis del impacto de los
programas «Ecobici» y «Muévete en Bici» de la Ciudad de México (2006-2012). Transporte y
Territorio, 16, 220-234.

Lowdon Wingo, Jr. (1961). Transportation and Urban Land. Routledge.

Lucas, K. (2012). Transport and social exclusion: Where are we now? Transport Policy, 20, 105-113.
https://doi.org/10.1016/j.tranpol.2012.01.013

Lucas, K. (2019). A new evolution for transport-related social exclusion research? Journal of Transport

Geography, 81, 102529. https://doi.org/10.1016/j.jtrange0.2019.102529

Dimensiones sociales y espaciales del transporte publico 222



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Lucas, K., Martens, K., Di Ciommo, F., & Dupont-Kieffer (Eds.). (2019). Measuring Transport Equity—1st Edition
(1st ed.). Elsevier. https://www.elsevier.com/books/measuring-transport-equity/lucas/978-0-12-
814818-1

Lucas, K., Philips, I., Mulley, C., & Ma, L. (2018). Is transport poverty socially or environmentally driven?
Comparing the travel behaviours of two low-income populations living in central and peripheral
locations in the same city. Transportation Research Part A: Policy and Practice, 116, 622-634.
https://doi.org/10.1016/j.tra.2018.07.007

Lucas, K., van Wee, B., & Maat, K. (2016). A method to evaluate equitable accessibility: Combining ethical
theories and accessibility-based approaches. Transportation, 43(3), 473-490.
https://doi.org/10.1007/s11116-015-9585-2

Macioszek, E., & Kurek, A. (2020). The Use of a Park and Ride System—A Case Study Based on the City of
Cracow (Poland). Energies, 13(13), 3473. https://doi.org/10.3390/en13133473

Macioszek, E., & Kurek, A. (2021). The Analysis of the Factors Determining the Choice of Park and Ride Facility
Using a Multinomial Logit Model. Energies, 14(1), 203. https://doi.org/10.3390/en14010203

Macioszek, E., Swierk, P., & Kurek, A. (2020). The Bike-Sharing System as an Element of Enhancing Sustainable
Mobility—A Case Study based on a City in Poland. Sustainability, 12(8), 3285.
https://doi.org/10.3390/su12083285

Mackett, R. L., Achuthan, K., & Titheridge, H. (2008). AMELIA: A tool to make transport policies more socially
inclusive. Transport Policy, 15(6), 372-378. https://doi.org/10.1016/j.tranpol.2008.12.007

Mageau-Béland, J., & Morency, C. (2021). Assessing Physical Activity Achievement by using Transit.
Transportation Research Record, 0361198121999057. https://doi.org/10.1177/0361198121999057

Manout, O., Bonnel, P., & Bouzouina, L. (2018). Transit accessibility: A new definition of transit connectors.
Transportation Research Part A: Policy and Practice, 113, 88-100.
https://doi.org/10.1016/j.tra.2018.03.028

Manrique, J., Cordera, R., Moreno, E. G., & Orefia, B. A. (2020). Equity analysis in access to Public Transport

through a Land Use Transport Interaction Model. Application to Bucaramanga Metropolitan Area-

Dimensiones sociales y espaciales del transporte publico 223



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Colombia. Research in Transportation Business & Management, 100561.
https://doi.org/10.1016/j.rtbm.2020.100561

Martinez, L. M., & Viegas, J. M. (2017). Assessing the impacts of deploying a shared self-driving urban mobility
system: An agent-based model applied to the city of Lisbon, Portugal. International Journal of
Transportation Science and Technology, 6(1), 13-27. https://doi.org/10.1016/].ijtst.2017.05.005

Medina, C., Janssen, I., Campos, |., & Barquera, S. (2013). Physical inactivity prevalence and trends among
Mexican adults: Results from the National Health and Nutrition Survey (ENSANUT) 2006 and 2012.
BMC Public Health, 13(1), 1063. https://doi.org/10.1186/1471-2458-13-1063

Medina Ramirez, S., & ITDP, |. for T. and D. Policy. M. (2012). Transformando la movilidad urbana en México:
Hacia ciudades accesibles con menor uso del automovil.

Medina, S., & Patlan, M. (2016). Modelo de implementacién de DOT en la Zona Metropolitana de Guadalajara
(p. 103). Secretaria de Desarrollo Agrario, Territorial y Urbano, Secretaria de Medio Ambiente y
Recursos Naturales, ISAID e ITDP. https://go.itdp.org/download/attachments/45449662/Modelo-
de-implementacio%CC%81n-de-DOT-en-la-Zona-Metropolitana-de-Guadalajara.pdf?api=v2.

Mendo-Gutiérrez, A. (2008). Los retos de la observacién urbana en México. En C. Garrocho-Rangel & J. A.
Alvarez-Lobato (Eds.), Observatorios urbanos en México: Lecciones, propuestas y desafios. (pp. 19-
46). El Colegio Mexiquense, A. C. https://rei.iteso.mx/handle/11117/4527

Meza, R. U. E. (2017). IMPACTO DE LA LINEA DEL MACROBUS EN LOS COSTOS Y TIEMPOS TOTALES DE
TRASLADO ORIGEN-DESTINO DE LOS USUARIOS, ZONA METROPOLITANA DE GUADALAJARA 2012
[Maestria en Administracion de Negocios, Universidad de Guadalajara].
https://riudg.udg.mx/handle/20.500.12104/81588

Miller, E. J. (2018). Accessibility: Measurement and application in transportation planning. Transport Reviews,
38(5), 551-555. https://doi.org/10.1080/01441647.2018.1492778

Miller, H. J., Tribby, C. P., Brown, B. B., Smith, K. R., Werner, C. M., Wolf, J., Wilson, L., & Oliveira, M. G. S.
(2015). Public transit generates new physical activity: Evidence from individual GPS and
accelerometer data before and after light rail construction in a neighborhood of Salt Lake City, Utah,

USA. Health & Place, 36, 8-17. https://doi.org/10.1016/j.healthplace.2015.08.005

Dimensiones sociales y espaciales del transporte publico 224



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Miller, P., de Barros, A. G., Kattan, L., & Wirasinghe, S. C. (2016). Public transportation and sustainability: A
review. KSCE Journal of Civil Engineering, 20(3), 1076-1083. https://doi.org/10.1007/s12205-016-
0705-0

Ministry of Transport (UK). (1963). THE BUCHANAN REPORT: TRAFFIC IN TOWNS.
https://api.parliament.uk/historic-hansard/lords/1963/nov/27/the-buchanan-report-traffic-in-
towns

Miralles-Guasch, C. (2002). Ciudad y transporte: El  binomio imperfecto. Ariel.
https://dialnet.unirioja.es/servlet/libro?codigo=130884

Miralles-Guasch, C., & Domene, E. (2010). Sustainable transport challenges in a suburban university: The case
of the Autonomous University of Barcelona. Transport Policy, 17(6), 454-463.
https://doi.org/10.1016/j.tranpol.2010.04.012

Molero Melgarejo, E. (2012). Cartografias de procesos y flujos: Aplicaciones a la planificacion territorial y
urbana [Tesis Doctoral, Universidad de Granada]. https://digibug.ugr.es/handle/10481/19567

Molero Mergalejo, E., Grindlay Moreno, A. L., & Asensio Rodriguez, J. J. (2007). Escenarios de aptitud y
modelizacién cartogréfica del crecimiento urbano mediante técnicas de evaluacién multicriterio.
GeoFocus. Revista Internacional de Ciencia y Tecnologia de la Informacion Geogrdfica, 7, 120-147.

Montejano, J., Monkkonen, P., Guerra, E., & Caudillo, C. (2018). The Costs and Benefits of Urban Expansion:
Evidence from Mexico, 1990-2010. Lincoln Institute of Land Policy Working Paper.

Montgomery, J. (1998). Making a city: Urbanity, vitality and urban design. Journal of Urban Design, 3(1), 93-
116. https://doi.org/10.1080/13574809808724418

Montoya-Robledo, V., & Escovar-Alvarez, G. (2020). Domestic workers’ commutes in Bogota: Transportation,
gender and social exclusion. Transportation Research Part A-Policy and Practice, 139, 400-411.
https://doi.org/10.1016/j.tra.2020.07.019

Mora, R., Truffello, R., & Oyarzun, G. (2021). Equity and accessibility of cycling infrastructure: An analysis of
Santiago de Chile. Journal of Transport Geography, 91, 102964.

https://doi.org/10.1016/j.jtrangeo.2021.102964

Dimensiones sociales y espaciales del transporte publico 225



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Morency, C., Trépanier, M., & Demers, M. (2011). Walking to transit: An unexpected source of physical activity.
Transport Policy, 18(6), 800-806. https://doi.org/10.1016/j.tranpol.2011.03.010

Munoz, J. C., & Paget-Seekins, L. (Eds.). (2016). Restructuring Public Transport through Bus Rapid Transit: An
International and Interdisciplinary Perspective. Policy Press.

Mufioz, J. C., Batarce, M., & Torres, I. (2016). Comparacion del Nivel de Servicio del Transporte Publico de Seis
Ciudades Latinoamericanas. Ingenieria de Transporte, 18(1), Article 1.
http://ingenieriadetransporte.org/index.php/sochitran/article/view/152

Murakami, S., Asami, Y., lkaga, T., Ishida, H., Inoue, K., Iwamura, K., Kashiwagi, T., Kita, M., Imanaga, H.,
Kurokawa, T., Kobayashi, S., Nakagami, H., Hayashi, Y., Fujita, T., Yamaguchi, N., Qine, K., Yoshizawa,
N., Kuzuki, R., & Kawakubo, S. (2013). Overview of CASBEE for Cities. Japan Sustainable Building
Consortium (JSBC). http://www.ibec.or.jp/CASBEE/english/index.htm

Murata, M., Delgado Campos, J., & Suarez Lastra, M. (2017). ¢Por qué la gente no usa el Metro? Efectos del
transporte en la Zona Metropolitana de la Ciudad de México. Investigaciones geogrdficas, 93.
https://doi.org/10.14350/rig.56661

Nash, S., & Mitra, R. (2019). University students’ transportation patterns, and the role of neighbourhood types
and attitudes. Journal of Transport Geography, 76, 200-211.
https://doi.org/10.1016/j.jtrangeo.2019.03.013

Navarro Vera, J. R., & Ortufio Padilla, A. (2011). Aproximacién a la génesis de la contribucion de la densidad
en la nocion de  «ciudad  compacta». EURE  (Santiago), 37(112), 23-41.
https://doi.org/10.4067/50250-71612011000300002

Newman, P., & Kenworthy, J. (1999). Sustainability and Cities: Overcoming Automobile Dependence. Island
Press.

Newman, P., & Kenworthy, J. (2006). Urban Design to Reduce Automobile Dependence. Opolis, 2(1), 35-52.

Newman, P., & Kenworthy, J. (2015). The End of Automobile Dependence: En P. Newman & J. Kenworthy
(Eds.), The End of Automobile Dependence: How Cities Are Moving Beyond Car-Based Planning (pp.
201-226). Island Press/Center for Resource Economics. https://doi.org/10.5822/978-1-61091-613-

4.7

Dimensiones sociales y espaciales del transporte publico 226



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Newman, P., & Kenworthy, J. R. (1996). The land use—transport connection: An overview. Land Use Policy,
13(1), 1-22. https://doi.org/10.1016/0264-8377(95)00027-5

Newman, P. W. G., & Kenworthy, J. R. (1989). Gasoline Consumption and Cities. Journal of the American
Planning Association, 55(1), 24-37. https://doi.org/10.1080/01944368908975398

Nikiforiadis, A., Ayfantopoulou, G., & Stamelou, A. (2020). Assessing the Impact of COVID-19 on Bike-Sharing
Usage: The Case of Thessaloniki, Greece. Sustainability, 12(19), 8215.
https://doi.org/10.3390/5u12198215

Nwachukwu, A. (2014). Assessment of Passenger Satisfaction with Intra-City Public Bus Transport Services in
Abuja, Nigeria. Journal of Public Transportation, 17(1), 99-119. https://doi.org/10.5038/2375-
0901.17.1.5

Ochoa Arevalo, A. E. (2011). Desarrollo urbano 'y movilidad en América Latina. CAF.
https://scioteca.caf.com/handle/123456789/419

Ochoa-Covarrubias, G., Gonzalez-Figueredo, C., DeAlba-Martinez, H., & Grindlay, A. L. (2021). Air Quality and
Active Transportation Modes: A Spatiotemporal Concurrence Analysis in Guadalajara, Mexico.
Sustainability, 13(24), 13904. https://doi.org/10.3390/su132413904

Ochoa-Covarrubias, G., Grindlay, A. L., & Lizarraga, C. (2021). Does the Mass Public Transport System Cover
the Social Transport Needs? Targeting SDG 11.2 in Guadalajara, Mexico. Applied Sciences, 11(16),
7709. https://doi.org/10.3390/app11167709

Ochoa-Covarrubias, G., Molero-Melgarejo, E., Grindlay-Moreno, A., & Falcon Meraz, J. M. (2021). Planeacion
y movilidad como promotores de ciudades saludables en Espafia y México. En J. Poyatos Sebastian,
L. Garcia Soriano, & J. L. Bard Zarzo (Eds.), Fundamentos y prdctica de la ciudad sostenible. Actas del
Congreso Iberoamericano para la fundamentacion y prdctica de la ciudad sostenible. 15-16 de
noviembre de 2019 (pp. 155-172). Universitat Politecnica de Valencia.
https://www.lalibreria.upv.es/portalEd/UpvGEStore/products/p_6588-1-1

ONU-Habitat. (2021, 01). Sustainable Development Goals Cities.

https://unhabitat.org/programme/sustainable-development-goals-cities

Dimensiones sociales y espaciales del transporte publico 227



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

OpenStreetMap contributors. (2020). Planet dump retrieved from https://planet.osm.org [Map].
https://www.openstreetmap.org

O’Sullivan, D., Morrison, A., & Shearer, J. (2000). Using desktop GIS for the investigation of accessibility by
public transport: An isochrone approach. International Journal of Geographical Information Science,
14(1), 85-104. https://doi.org/10.1080/136588100240976

Oviedo, D., & Guzman, L. A. (2020). Revisiting Accessibility in a Context of Sustainable Transport: Capabilities
and Inequalities in Bogota. Sustainability, 12(11), 4464. https://doi.org/10.3390/su12114464

Ozkazang, S., & Ozdemir Sénmez, F. N. (2017). Spatial analysis of social exclusion from a transportation
perspective: A case study of Ankara metropolitan area. Cities, 67, 74-84.
https://doi.org/10.1016/j.cities.2017.04.013

Pelé, N., Frangois, C., & Nicolas, J.-P. (2018). Quels impacts de la forme urbaine sur les mobilités quotidiennes?
Une approche par la simulation pour une comparaison multidimensionnelle appliquée au territoire
lyonnais. Les Cahiers scientifiques du transport, AFITL, 77-109.

Pelletier, M.-P., Trépanier, M., & Morency, C. (2011). Smart card data use in public transit: A literature review.
Transportation Research Part C: Emerging Technologies, 19(4), 557-568.
https://doi.org/10.1016/j.trc.2010.12.003

Peng, L., Shen, Y., Gao, W., Zhou, J., Pan, L., Kan, H., & Cai, J. (2021). Personal exposure to PM2.5 in five
commuting modes under hazy and non-hazy conditions. Environmental Pollution, 289, 117823.
https://doi.org/10.1016/j.envpol.2021.117823

Pereira, R. H. M. (2019). Future accessibility impacts of transport policy scenarios: Equity and sensitivity to
travel time thresholds for Bus Rapid Transit expansion in Rio de Janeiro. Journal of Transport
Geography, 74, 321-332. https://doi.org/10.1016/j.jtrange0.2018.12.005

Peres-Neto, P. R., Jackson, D. A., & Somers, K. M. (2005). How many principal components? Stopping rules for
determining the number of non-trivial axes revisited. Computational Statistics & Data Analysis, 49(4),

974-997. https://doi.org/10.1016/j.csda.2004.06.015

Dimensiones sociales y espaciales del transporte publico 228



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Pfannenstein, B., Jaramillo, J. O. M., Herrera, E. E. A., & Villalobos, S. S. (2019). Planificacién urbana y la
influencia de las urbanizaciones cerradas: El Area Metropolitana de Guadalajara, México. Economia
Sociedad y Territorio, xviii(59), 1087-1117. http://dx.doi.org/10.22136/est20191278

Pinzén, T. M., & Arias, J. J. (2013). Contaminacién vehicular en la conurbacién Pereira-Dosquebradas. Revista
Luna Azul, 37, 101-129.

Pitsiava-Latinopoulou, M., Basbas, S., & Gavanas, N. (2013). Implementation of alternative transport networks
in university campuses: The case of the Aristotle University of Thessaloniki, Greece. International
Journal of Sustainability in Higher Education, 14(3), 310-323. https://doi.org/10.1108/1JSHE-12-2011-
0084

Politis, I., Fyrogenis, ., Papadopoulos, E., Nikolaidou, A., & Verani, E. (2020). Shifting to Shared Wheels: Factors
Affecting Dockless Bike-Sharing Choice for Short and Long Trips. Sustainability, 12(19), 8205.
https://doi.org/10.3390/su12198205

Preston, J., & Rajé, F. (2007). Accessibility, mobility and transport-related social exclusion. Journal of Transport
Geography, 15(3), 151-160. https://doi.org/10.1016/j.jtrange0.2006.05.002

Pritchard, J. P., Tomasiello, D. B., Giannotti, M., & Geurs, K. (2019). Potential impacts of bike-and-ride on job
accessibility and spatial equity in S3o Paulo, Brazil. Transportation Research Part A: Policy and
Practice, 121, 386-400. https://doi.org/10.1016/j.tra.2019.01.022

Pucci, P., Vecchio, G., Bocchimuzzi, L., & Lanza, G. (2019). Inequalities in job-related accessibility: Testing an
evaluative approach and its policy relevance in Buenos Aires. Applied Geography, 107, 1-11.
https://doi.org/10.1016/j.apgeog.2019.04.002

Qazi, M.Y.S., Niazi, M. H. K., & Niazi, A. R. K. (2021). Environmental and Social Challenges for Bus Rapid Transit
(BRT) Peshawar, Using Culture as a Moderator: An Empirical Study in Peshawar Khyber-Pakhtunkhwa.
Journal of Managerial Sciences, 15, 170-186.

Quintero-Gonzalez, J. R., & Quintero-Gonzalez, J. R. (2019). Sustainable Transit-Oriented Development
(STOD). A prospective for Colombia. Bitdcora Urbano Territorial, 29(3), 59-68.

https://doi.org/10.15446/bitacora.v29n3.65979

Dimensiones sociales y espaciales del transporte publico 229



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Rau, A,, Tian, L., Jain, M., Xie, M., Liu, T., & Zhou, Y. (2019). Dynamic Autonomous Road Transit (DART) For
Use-case Capacity More Than Bus. Transportation Research Procedia, 41, 812-823.
https://doi.org/10.1016/j.trpro.2019.09.131

Ricciardi, A. M., Xia, J., & Currie, G. (2015). Exploring public transport equity between separate disadvantaged
cohorts: A case study in Perth, Australia. Journal of Transport Geography, 43, 111-122.
https://doi.org/10.1016/j.jtrangeo.2015.01.011

Rodrigues, P. F., Alvim-Ferraz, M. C. M., Martins, F. G., Saldiva, P., S4, T. H., & Sousa, S. I. V. (2020). Health
economic assessment of a shift to active transport. Environmental Pollution, 258, 113745.
https://doi.org/10.1016/j.envpol.2019.113745

Rodriguez, J. J. (2019). Reestructuracion productiva en los espacios urbanos de la zona metropolitana de
Guadalajara, Meéxico. Carta Econdmica Regional, 31-123.
http://cartaeconomicaregional.cucea.udg.mx/index.php/CER/article/view/7632

Rogers, R. (1995). Cities for a small planet. Philip Gumuchdjian.

Rojas-Rueda, D. (2021). Health Impacts of Urban Bicycling in Mexico. International Journal of Environmental
Research and Public Health, 18(5), 2300. https://doi.org/10.3390/ijerph18052300

Rosas Gutiérrez, J., Chias Becerril, L., Rosas Gutiérrez, J., & Chias Becerril, L. (2020). Los BRT ¢nuevo paradigma
de la movilidad urbana mundial? Investigaciones geogrdficas, 103.
https://doi.org/10.14350/rig.60045

Rosas-Satizabal, D., Guzman, L. A., & Oviedo, D. (2020). Cycling diversity, accessibility, and equality: An analysis
of cycling commuting in Bogota. Transportation Research Part D: Transport and Environment, 88,
102562. https://doi.org/10.1016/j.trd.2020.102562

Schlickmann, M. P., Martinez, L. M., & de Sousa, J. P. (2017). A tool for supporting the design of BRT and LRT
services. Transportation Research Procedia, 27, 1171-1178.
https://doi.org/10.1016/j.trpro.2017.12.101

Schwanen, T., Lucas, K., Akyelken, N., Cisternas Solsona, D., Carrasco, J.-A., & Neutens, T. (2015). Rethinking

the links between social exclusion and transport disadvantage through the lens of social capital.

Dimensiones sociales y espaciales del transporte publico 230



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Transportation Research Part A: Policy and Practice, 74, 123-135.
https://doi.org/10.1016/j.tra.2015.02.012

Secretaria del Medio Ambiente y Desarrollo Territorial, J. (Ministry of the E. and T. D. (2014). ProAire Jalisco
2014—2020 (p. 257). Secretaria de Media Ambiente y Desarrollo Territorial (SEMADET, Jalisco).
https://semadet.jalisco.gob.mx/medio-ambiente/calidad-del-aire/programa-para-mejorar-la-
calidad-del-aire-del-estado-de-jalisco-2014

Secretaria del Medio Ambiente y Desarrollo Territorial, J. (Ministry of the E. and T. D. (2018, abril 18). Datos
Abiertos: Estaciones SIMAJ [Text]. https://datos.jalisco.gob.mx/dataset/bases-de-datos-historicas-
de-la-calidad-del-aire/resource/5b68f6ee-b8bf-4d96-865b

Secretaria del Medio Ambiente y Desarrollo Territorial, J. (Ministry of the E. and T. D. (2021). Sistema de
Monitoreo Atmosférico de Jalisco (SIGA). https://semadet.jalisco.gob.mx/medio-ambiente/calidad-
del-aire/sitio-de-sistema-de-monitoreo-atmosferico-de-jalisco

SEDATU, S. de D. A., Territorial y Urbano, México (Ministry of Agrarian, Territorial and Urban Development
(Ministry of Agrarian, Territorial and Urban Development), Mexico, GIZ, Ministerio Federal de Medio
Ambiente, Proteccion de la Naturaleza y Seguridad Nuclear de la Republica Federal de Alemania, &
Banco Interamericano de Desarrollo. (2018). Anatomia de la movilidad en México. Hacia dénde
vamos (p. 106). SEDATU. https://leerlaciudadblog.files.wordpress.com/2016/05/anatomc3ada-de-
la-movilidad-en-mc3a9xico.pdf

SEP, S. de E. P. (Public E. S. (2020). Principales Cifras del Sistema Educativo Nacional 2019—2020 (p. 134).
http://www.planeacion.sep.gob.mx/

SEU, S. E. u. (2001). Preventing  Social  Exclusion. Social Exclusion Unit-SEU.
http://www.bristol.ac.uk/poverty/downloads/keyofficialdocuments/Preventing%20Social%20Exclu
sion.pdf

SEU, S. E. U. (2003). Making the Connections: Final Report on Transport and Social Exclusion (p. 147). Office of
the Deputy Prime Minister. https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---emp_policy/-

--invest/documents/publication/wcms_asist_8210.pdf

Dimensiones sociales y espaciales del transporte publico 231



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

Shirahige, M., & Correa, J. (2015). La desigualdad en el acceso al transporte publico en el area metropolitana
de Santiago: Andlisis mediante la aplicacion delmodelo PTAL en campamentos y villas de blocks.
Revista CIS, 12(18), 55-89.

Shogrkhodaei, S. Z., Razavi-Termeh, S. V., & Fathnia, A. (2021). Spatio-temporal modeling of PM2.5 risk
mapping using three machine learning algorithms. Environmental Pollution, 117859.
https://doi.org/10.1016/j.envpol.2021.117859

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (s. f.). BRT Mi Macro. Recuperado 23 de agosto de 2021, de
http://www.siteur.gob.mx/index.php/sistemas-de-transporte/mi-macro

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2019, junio 21). INFOMEX 04124919. Datos técnicos de
transporte [Comunicacion personal].

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2020a). BRT ficha del indicador 2020. SEPLAN.
https://seplan.app.jalisco.gob.mx/mide/panelCiudadano/detalleindicador/1607?dimension=&tema
=&dependencia=&nivel=&periodo=&sentido=&sortBusqueda=1&vista=1&palabraClave=sitren&for
mat=&max=10&offset=0&subsistema=1&accionRegreso=busqueda

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2020b). LRT ficha del indicador 2020. SEPLAN.
https://seplan.app.jalisco.gob.mx/mide/panelCiudadano/detalleindicador/1432

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2020c). SITREN ficha del indicador 2020. SEPLAN.
https://seplan.app.jalisco.gob.mx/mide/panelCiudadano/detalleIndicador/1607?dimension=&tema
=&dependencia=&nivel=&periodo=&sentido=&sortBusqueda=1&vista=1&palabraClave=sitren&for
mat=&max=10&offset=0&subsistema=1&accionRegreso=busqueda

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2021a). SITEUR | Sistema de Tren Eléctrico Urbano.
http://www.siteur.gob.mx/

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2021b, agosto 25). INFOMEX 2782021. Datos técnicos de
transporte. BRT, ingresos totales franja horaria 2019.

http://www.infomexjalisco.org.mx/InfomexJalisco/

Dimensiones sociales y espaciales del transporte publico 232



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

SITEUR, S. de T. E. U. (Urban E. T. S., Guadalajara). (2021c, agosto 25). INFOMEX 2782021. Datos técnicos de
transporte. BRT, ingresos totales franja horaria 2019.
http://www.infomexjalisco.org.mx/InfomexJalisco/

Soltani, A., Allan, A., Nguyen, H. A., & Berry, S. (2019). Students’ commuting pattern from the viewpoint of
environmentalism: Comparing Australia with China. International Journal of Sustainability in Higher
Education, 20(1), 91-114. https://doi.org/10.1108/IJSHE-08-2018-0146

Souto Rodrigues, D., Rodrigues Ramos, R. A., & Sales Tobias, M. G. (2016). A spatial multicriteria model for
urban accessibility mapping. Proceedings of the Institution of Civil Engineers, 169(DP2), 91-103.
http://dx.doi.org/10.1680/udap.15.00014

Stein, M. L., & Grigg, J. A. (2019). Missing Bus, Missing School: Establishing the Relationship Between Public
Transit Use and Student Absenteeism. American Educational Research Journal, 56(5), 1834-1860.
https://doi.org/10.3102/0002831219833917

Stepniak, M., Pritchard, J. P., Geurs, K. T., & Goliszek, S. (2019). The impact of temporal resolution on public
transport accessibility measurement: Review and case study in Poland. Journal of Transport
Geography, 75, 8-24. https://doi.org/10.1016/j.jtrangeo.2019.01.007

Suarez, M., Murata, M., & Delgado Campos, J. (2016). Why do the poor travel less? Urban structure,
commuting and economic informality in Mexico City. Urban Studies, 53(12), 2548-2566.
https://doi.org/10.1177/0042098015596925

Sullivan, R. C., & Pryor, S. C. (2014). Quantifying spatiotemporal variability of fine particles in an urban
environment using combined fixed and mobile measurements. Atmospheric Environment, 89, 664-
671. https://doi.org/10.1016/j.atmosenv.2014.03.007

Sun, C., Cheng, J., Lin, A., & Peng, M. (2018). Gated university campus and its implications for socio-spatial
inequality: Evidence from students’ accessibility to local public transport. Habitat International, 80,
11-27. https://doi.org/10.1016/j.habitatint.2018.08.008

Sun, Y., & Mobasheri, A. (2017). Utilizing Crowdsourced Data for Studies of Cycling and Air Pollution Exposure:
A Case Study Using Strava Data. International Journal of Environmental Research and Public Health,

14(3), 274. https://doi.org/10.3390/ijerph14030274

Dimensiones sociales y espaciales del transporte publico 233



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Tahmasbi, B., Mansourianfar, M. H., Haghshenas, H., & Kim, . (2019). Multimodal accessibility-based equity
assessment of urban public facilities distribution. Sustainable Cities and Society, 49, 101633.
https://doi.org/10.1016/j.scs.2019.101633

Talavera Garcia, R., Valenzuela Montes, L. M., & Soria Lara, J. A. (2018). Evaluating the influence of the quality
of walking distance on the coverage of light rail stops in Granada (Spain). Boletin de la Asociacion De
Geografos Espafioles, 79, 2472. https://doi.org/10.21138/bage.2472

Talavera-Garcia, R., & Valenzuela-Montes, L. M. (2018). Andlisis conceptual de la distancia peatonal al
transporte publico: Hacia un enfoque mas integrador. ACE: Architecture, City and Environment.
https://doi.org/10.5821/ace.13.37.5134

Talavera-Garcia, R., & Valenzuela-Montes, L. M. (2018). Conceptual Analysis of Walking Distance to Transit:
Towards a More Integrative Approach. Ace-Architecture City and Environment, 13(37), 183-204.
https://doi.org/10.5821/ace.13.37.5134

Taylor, B. D., Miller, D., Iseki, H., & Fink, C. (2009). Nature and/or nurture? Analyzing the determinants of
transit ridership across US urbanized areas. Transportation Research Part A: Policy and Practice,
43(1), 60-77. https://doi.org/10.1016/j.tra.2008.06.007

Teran-Hernandez, M. (2017). Accesibilidad espacial de los servicios de prevencién y control del cancer-
cervicouterino en San Luis Potosi | Investigaciones Geograficas. Investigaciones Geogrdficas, 94.
https://doi.org/10.14350/rig.56936

The promise of open-source intelligence. (2021, agosto 7). The Economist.
https://www.economist.com/leaders/2021/08/07/the-promise-of-open-source-
intelligence?itm_source=parsely-api

Toumi, O., Le Gallo, J., & Ben Rejeb, J. (2017). Assessment of Latin American sustainability. Renewable and
Sustainable Energy Reviews, 78, 878-885. https://doi.org/10.1016/j.rser.2017.05.013

UEA, A. de E. U. de B. (Urban E. A,, Spain). (2012). Guia metodoldgica para los sistemas de auditoria,
certificacion o acreditacion de la calidad y sostenibilidad en el medio urbano. Centro de publicaciones,
Secretaria General Técnica. Ministerio de Fomento. https://www.fomento.gob.es/areas-de-

actividad/arquitectura-vivienda-y-suelo/urbanismo-y-politica-de-suelo/urbanismo-y-sostenibilidad-

Dimensiones sociales y espaciales del transporte publico 234



o

UNIVERSIDAD
DEGRANADA

IV. REFERENCIAS Y ANEXOS

urbana/guia-metodologica-para-los-sistemas-de-auditoria-certificacion-o-acreditacion-de-la-
calidad-y-sostenibilidad-en-el-medio-urbano

UITP, I. A. of P. T. (2019a). The global tram and light rail landspace (p. 8). UITP Advancing Public Transport.
https://www.uitp.org/publications/the-global-tram-and-light-rail-landspace/

UITP, I. A. of P. T. (2019b). Light rail and tram: The European outlook (p. 6) [Statistics Brief]. UITP Advancing
Public Transport. https://www.uitp.org/publications/light-rail-and-tram-the-european-outlook/

UITP, I. A. of P. T. (2020, septiembre 15). “Zero emission mobility for all’: How to achieve carbon neutrality.
UITP. https://www.uitp.org/news/zero-emission-mobility-for-all-how-to-achieve-carbon-neutrality/

UN-Habitat. (2012). Estado de las ciudades de América Latina y el Caribe 2012. Rumbo a una nueva transicion
urbana (p. 196). Programa de las Naciones Unidas para los Asentamientos Humanos.
https://unhabitat.org/estado-de-las-ciudades-de-am%C3%A9rica-latina-y-el-caribe-state-of-the-
latin-america-and-the-caribbean

UN-Habitat. (2013). Planning and Design for Sustainable Urban Mobility. 2013. Routledge.
https://doi.org/10.4324/9781315857152

UN-Habitat. (2018). Extended CPI Report. Aglomeracion Urbana de Guadalajara (p. 178). UN-Habitat.
https://unhabitat.org/sites/default/files/documents/2019-05/extended_cpi_report_-
_guadalajara.pdf

UN-Habitat. (2021, 01). Sustainable Development Goals Cities. https://unhabitat.org/programme/sustainable-
development-goals-cities

UN-Habitat, & Jalisco, G. del E. de J. (Government of the S. of J. (2017). Guadalajara-Metropolitana.
Prosperidad urbana: Oportunidades y propuestas.
https://www.onuhabitat.org.mx/libros/Guadalajara-Metropolitana.pdf

United Nations (UN). (2015). Sustainable Development Goals. United Nations Sustainable Development.
https://www.un.org/sustainabledevelopment/

USGBC, «(U.S. Green Building Council)», LEED. (2018). LEED _v4_ND.pdf.

https://www.usgbc.org/resources/leed-v4-neighborhood-development-current-version

Dimensiones sociales y espaciales del transporte publico 235



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Vasconcellos, E. A., & Mendoca, A. (2016). CAF Observatorio de Movilidad Urbana: Informe (p. 35). Banco de
Desarrollo de América Latina. https://www.caf.com/es/conocimiento/datos/observatorio-de-
movilidad-urbana/

Vecchio, G., Castillo, B., & Steiniger, S. (2020). Movilidad urbana y personas mayores en Santiago de Chile: El
valor de integrar métodos de analisis, un estudio en el barrio San Eugenio. Revista de Urbanismo, 43,
26-45. https://doi.org/10.5354/0717-5051.2020.57090

Vecchio, G., Porreca, R., & Jacome Rivera, D. (2020). Socio-Spatial Concerns in Urban Mobility Planning:
Insights from Competing Policies in Quito. Sustainability, 12(7), 2923.
https://doi.org/10.3390/su12072923

Vecchio, G., Tiznado-Aitken, I., & Hurtubia, R. (2020). Transport and equity in Latin America: A critical review
of socially oriented accessibility assessments. Transport Reviews, 40(3), 354-381.
https://doi.org/10.1080/01441647.2020.1711828

Venter, C., Jennings, G., Hidalgo, D., & Pineda, A. F. V. (2018). The equity impacts of bus rapid transit: A review
of the evidence and implications for sustainable transport. International Journal of Sustainable
Transportation, 12(2), 140-152. https://doi.org/10.1080/15568318.2017.1340528

Vergel-Tovar, C. E., Villegas Casquilla, M., Claudia Pefias, M., Toro Gonzalez, D., Canon Rubiano, L., Salas, E., &
Martinez, P. (s.f.). Collaborative Mapping of Urban Transport in Cartagena, Colombia. Mapaton
Cartagena.

Verma, D., Jana, A., & Ramamritham, K. (2019). Artificial Intelligence and Human Senses for the Evaluation of
Urban Surroundings. En W. Karwowski & T. Ahram (Eds.), Intelligent Human Systems Integration 2019
(pp. 852-857). Springer International Publishing. https://doi.org/10.1007/978-3-030-11051-2_130

Vicente, P., & Reis, E. (2018). Ex-regular Users of Public Transport: Their Reasons for Leaving and Returning.
Journal of Public Transportation, 21(2), 101-116. https://doi.org/10.5038/2375-0901.21.2.7

Vicufia, M., Orellana, A., Truffello, R., & Moreno, D. (2019). Integracion urbana y calidad de vida: Disyuntivas
en contextos metropolitanos. Revista INVI, 34(97), 17-47.

Vuchic, V. R. (2007). Urban Transit Systems and Technology (2016.2 ed.). John Wiley & Sons.

Vuchic, V. R. (2017). Transportation for Livable Cities. Routledge.

Dimensiones sociales y espaciales del transporte publico 236



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Wachs, M., & Kumagai, T. G. (1973). Physical accessibility as a social indicator. Socio-Economic Planning
Sciences, 7(5), 437-456. https://doi.org/10.1016/0038-0121(73)90041-4

Wegener, M. (2004). Overview of land-use transport models. Handbook of transport geography and spatial
systems, 5, 127-146.

Wegener, M., & Fuerst, F. (2004). Land-Use Transport Interaction: State of the Art. SSRN Electronic Journal.
https://doi.org/10.2139/ssrn.1434678

Whannell, P., Whannell, R., & White, R. (2012). Tertiary student attitudes to bicycle commuting in a regional
Australian university. International Journal of Sustainability in Higher Education, 13(1), 34-45.
https://doi.org/10.1108/14676371211190290

Williams, K. (2005). Spatial Planning, Urban Form and Sustainable Transport: An Introduction. Ahsgate.

Wilson, B. (2020, noviembre 24). The problem for the 21st century isn’t that we’re too urban—It’s that we’re
not urban enough. Fast Company. https://www.fastcompany.com/90579332/the-problem-for-the-
21st-century-isnt-that-were-too-urban-its-that-were-not-urban-enough

World Economic Forum. (2020). Guidelines for City Mobility. Steering towards collaboration. World Economic
Forum. https://www.weforum.org/reports/guidelines-for-city-mobility-2020

World Health Organization. (2021). Air pollution. https://www.who.int/westernpacific/health-topics/air-
pollution

Wou, H., & Levinson, D. (2020). Unifying access. Transportation Research Part D: Transport and Environment,
83, 102355. https://doi.org/10.1016/j.trd.2020.102355

Xia, J., Nesbitt, J., Daley, R., Najnin, A., Litman, T., & Tiwari, S. P. (2016). A multi-dimensional view of transport-
related social exclusion: A comparative study of Greater Perth and Sydney. Transportation Research
Part A: Policy and Practice, 94, 205-221. https://doi.org/10.1016/j.tra.2016.09.009

Xia, N., Du, E., Guo, Z., & de Vries, W. (2021). The diurnal cycle of summer tropospheric ozone concentrations
across Chinese cities: Spatial patterns and main drivers. Environmental Pollution, 286, 117547.

https://doi.org/10.1016/j.envpol.2021.117547

Dimensiones sociales y espaciales del transporte publico 237



: g ~ UNIVERSIDAD
i DEGRANADA IV. REFERENCIAS Y ANEXOS

Xiao, C., Goryakin, Y., & Cecchini, M. (2019). Physical Activity Levels and New Public Transit: A Systematic
Review and Meta-analysis. American Journal of Preventive Medicine, 56(3), 464-473.
https://doi.org/10.1016/j.amepre.2018.10.022

Xiaobin, J., Ying, L., Wei, S., Yuying, L., Xuhong, Y., & Jingxian, T. (2017). Evaluating cities’ vitality and identifying
ghost cities in China with emerging geographical data. Cities, 63, 98-109.
https://doi.org/10.1016/j.cities.2017.01.002

Xu, P., Dong, N., Wong, S. C., & Huang, H. (2019). Cyclists injured in traffic crashes in Hong Kong: A call for
action. PLOS ONE, 14(8), e0220785. https://doi.org/10.1371/journal.pone.0220785

Xu, X., Xie, S., Wong, S. C., Xu, P., Huang, H., & Pei, X. (2016). Severity of pedestrian injuries due to traffic
crashes at signalized intersections in Hong Kong: A Bayesian spatial logit model. Journal of Advanced
Transportation, 50(8), 2015-2028. https://doi.org/10.1002/atr.1442

Yenisetty, P. T., & Bahadure, P. (2020). Measuring Accessibility to Various ASFs from Public Transit using Spatial
Distance Measures in Indian Cities. ISPRS International Journal of Geo-Information, 9(7), 446.
https://doi.org/10.3390/ijgi9070446

Yigitcanlar, T., Rashid, K., & Dur, F. (2010). Sustainable urban and transport development for transportation
disadvantaged: A review. The Open Transportation Journal, 4, 1-8.

Yu, Z., Zhu, X., & Liu, X. (2022). Characterizing metro stations via urban function: Thematic evidence from
transit-oriented development (TOD) in Hong Kong. Journal of Transport Geography, 99. Scopus.
https://doi.org/10.1016/j.jtrange0.2022.103299

Zhou, J., Yang, Y., Gu, P., Yin, L., Zhang, F., Zhang, F., & Li, D. (2019). Can TODness improve (expected)
performances of TODs? An exploration facilitated by non-traditional data. Transportation Research
Part D: Transport and Environment, 74, 28-47. https://doi.org/10.1016/j.trd.2019.07.008

Zuk, M., Tzintzun Cervantes, M. G., & Rojas Bracho, L. (2007). Tercer almanaque de datos y tendencias del aire
en nueve ciudades mexicanas (N.° 3; Almanaque de datos y tendencias del aire en ciudades
mexicanas, p. 116). Instituto Nacional de Ecologia. https://sinaica.inecc.gob.mx/pags/informes.php

1.

Dimensiones sociales y espaciales del transporte publico 238



gy

UNIVERSIDAD
DE GRANADA

Dimensiones sociales y espaciales del transporte publico 239





