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ABSTRACT

The study analysed the technical fare of the Integrated Transport Model ‘Mi Transporte’ on Trunk Road 05. Lopez
Mateos in the Guadalajara Metropolitan Area (AMG). Using a quantitative and econometric methodology, the
cost structure, revenue and demand elasticities of the system were characterised. The analysis revealed that,
with a current fare of MXN $9,50, daily revenues of MXN $707 128 were generated, which covered operating
costs with a 15 % margin for transport operators. However, the economic evaluation showed a negative Net
Present Value (NPV) and an Internal Rate of Return (IRR) below the Minimum Acceptable Rate of Return (MARR),
so investment in the configurations analysed (diesel or CNG) was not recommended. The research also estimated
differentiated social fares based on user income, showing that a large part of the population spends between
13 % and 48 % of their income on transport, evidencing a disproportionate burden on low-income households.
Furthermore, it was concluded that the route-company model, although more efficient than the old ‘man-
truck’ scheme, requires subsidies and more equitable fare policies to ensure sustainability and accessibility.
Finally, the adoption of progressive fares based on ability to pay was proposed, and the need to continue urban
mobility studies to support public policy decisions that improve the quality of life in the AMG was emphasised.

Keywords: Technical Tariff; Urban Mobility; Public Transport; Subsidy; Equity.
RESUMEN

El estudio analiz¢ la tarifa técnica del Modelo Integrado de Transporte “Mi Transporte” en la Troncal 05. Lopez
Mateos del Area Metropolitana de Guadalajara (AMG). A través de una metodologia cuantitativa y econométrica,
se caracterizo la estructura de costos, ingresos y elasticidades de demanda del sistema. El analisis revelo que,
con una tarifa vigente de $9,50 MXN, se generaban ingresos diarios de $707 128 MXN, lo que permitié cubrir
los costos operativos con un margen del 15 % para los transportistas. Sin embargo, la evaluacion econéomica
arrojo un Valor Presente Neto (VPN) negativo y una Tasa Interna de Retorno (TIR) por debajo de la Tasa Minima
Aceptable de Rendimiento (TMAR), por lo que no se recomendo la inversion en las configuraciones analizadas
(diésel o GNC). La investigacion también estimo tarifas sociales diferenciadas segun los ingresos de los usuarios,
mostrando que una gran parte de la poblacion destina entre el 13 % y el 48 % de su ingreso al transporte,
evidenciando una carga desproporcionada para los hogares de bajos recursos. Ademas, se concluyo que el
modelo ruta-empresa, aunque mas eficiente que el antiguo esquema “hombre-camion”, requiere subsidios y
politicas tarifarias mas equitativas para garantizar sostenibilidad y accesibilidad. Finalmente, se propuso la
adopcion de tarifas progresivas basadas en la capacidad de pago y se subrayoé la necesidad de continuar con
estudios de movilidad urbana para apoyar decisiones de politica publica que mejoren la calidad de vida en el
AMG.

Palabras clave: Tarifa Técnica; Movilidad Urbana; Transporte Publico; Subsidio; Equidad.
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INTRODUCTION

Climate change has brought to the forefront the need to reevaluate the current model of resource and
energy production and consumption in the economy. An example of this is public transportation, which is
usually subsidized and whose increased technical efficiency, understood as the relationship between service
production and resource consumption, can help improve public budget management.®

Thus, the variables to be quantified are the provision of services (outputs) and the resources consumed
in producing those services (inputs). In this sense, the objective of this study is to characterize the technical
aspects of the so-called Integrated Transportation Model, “Mi Transporte,” under the route-company scheme in
the Guadalajara metropolitan area, specifically Troncal 05. Lopez Mateos (T05) route.

The study analyzes various studies on the technical fare for public transportation, ranging from the
international and local context, as well as information obtained from secondary sources such as data from
the 2016 National Household Income and Expenditure Survey (ENIGH), prepared by the National Institute of
Statistics, Geography, and Informatics (INEGI); as well as data from the Final Report for the Approval of Technical
Fares for Collective Passenger Transport Services for Routes-Companies in the Guadalajara Metropolitan Area
(AMG), the Integrated System of the City of Puerto Vallarta, and the User Satisfaction Survey for the AMG, the
latter issued by the now defunct Institute of Mobility and Transportation of the State of Jalisco (IMTJ) between
2016 and 2018, which will enable the analysis of urban mobility, transportation, and territory.®

In addition, using a quantitative methodology, the study provided an analysis of demand elasticities and
indicators of metropolitan urban transport services to determine the impact of public transport fares on users
and the sector during the 2018-2019 period. In addition, an economic evaluation of the trunk public passenger
transport corridors of the General Transport Program of the State of Jalisco (PGT) was carried out, developing
a model based on three criteria: 1) Evaluate the operating cost structure generated by the production of the
service; 2) Calculate and measure the income obtained from the production of the service; and 3) Assess the
three primary financial indicators.®4

This provided a theoretical and technical contribution that made it possible to answer the research
questions: How does the so-called “Mi Transporte” Integrated Transport Model, under the route-company
scheme, contribute to achieving a technical, fair, and sustainable fare for public transport in the Guadalajara
metropolitan area, in the case of Trunk Line 05? Lopez Mateos? What is the cost structure of the “Mi Transporte”
Integrated Transport Model, which operates under the route-company scheme in the Guadalajara metropolitan
area, in the case of Troncal 05? Lopez Mateos? And how do demand, competition, and public urban mobility
and transportation policies influence the fare of the “Mi Transporte” Integrated Transportation Model, which
operates under the route-company scheme in the Guadalajara metropolitan area, in the case of Troncal 05?7
Lopez Mateos?

Elasticity is a crucial indicator for both the public transport sector and the State. This indicator enables the
anticipation of market behavior in response to changes in factors such as fares.®

In this sense, the results obtained allow decision-makers and public transport operators to understand better
how to set fair and sustainable technical fares, as well as to analyze the main challenges in the sector that
should be considered in future urban mobility, transport, and land use projects in the Guadalajara Metropolitan
Area (AMG).

Figure 1. Units on the Troncal 05 route
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Figure 2. Troncal 05 bus stop. Lopez Mateos

Problem statement

In the early 19th century, following the Industrial Revolution, Mexico’s metropolises began to implement
tram systems to meet the public transportation needs. However, the boom in rail systems, both urban (trams)
and interurban (railways), was gradually replaced by the automobile.?% In other words, while the road
network spread throughout the country, in cities, the tram declined as a basic system, a trend that accelerated
during the 1930s. However, the need for mobility was quickly replaced by buses.®

Bus networks are certainly easier and less expensive to implement than rail networks, due to the purchase
of rolling stock, flexibility in line design, and the installation of stops.“*¢ On the other hand, tram, metro, light
rail, and heavy rail networks require more careful planning, greater investment in rolling stock, maintenance,
and infrastructure, and place a significant burden on public administrations.® Meanwhile, buses are currently
competing with trams and light rail systems in terms of efficiency and quality of service.®* Along with electricity
and water supply, solid waste collection, and street and avenue maintenance, bus services are one of the
primary services required by the population.”#® In short, urban public transport, provided by buses, is a tool for
various activities, including work, training, shopping, and leisure.®

According to Islas et al.®, in Mexico, the nature of the public transport service offered is often deficient.
This has led to the formation of public monopolies or concession systems, which ultimately reduce competition
and lead to lower service quality. Furthermore, research on this topic has rarely analyzed fares in depth; that
is, it has focused mainly on the technical aspects of operation.®'"') Hence, the importance of identifying the
socioeconomic aspects of users in the search for solutions to transportation problems is evident. (121314

In 1925, according to Alvizo”), Guadalajara saw the birth of its first bus transport cooperative. The company,
founded by Miguel Colunga, Agustin Zifiga, and several drivers, began operations with second-hand vehicles,
covering three main routes: Centro-Colonias, Oblatos-Centro, and Mexicaltzingo-Mezquitan. Subsequently, the
Compaiiia Occidental de Transportes acquired the electric trams and replaced them with internal combustion
buses'(15,16,17)

Moving forward to 1963, Cardenas® notes that the first major infrastructure works were carried out to
establish the Collective Transportation System (STC). By 1971, almost 1,7 million passengers, representing 85 %
of the city’s total users, traveled daily on 1858 buses owned by private concessionaires.'® These buses carried
an average of 911 passengers per day, which was favorable for business owners but problematic for users due
to the high fares.®

Due to the growing complexity of the STC, SISTECOZOME was established in 1976 as a decentralized agency
responsible for managing public transportation. From its inception, this agency functioned poorly, and according
to El Informador, it only managed to transport between 1,5 % and 7 % of the city’s total users. This situation
highlighted the need for state intervention in financing transportation in the Guadalajara Metropolitan Area. %2122

In this regard, given the historical evolution of the public transportation system in Guadalajara, it is clear
that the issue of fares has been a persistent point of contention between business interests and societal needs.
Since the 1970s, when private buses transported the majority of users at an increasingly high cost, the need for
government intervention in setting fares has been evident.?3242 As fares increased, the impact on low-income
users became more palpable, highlighting an uncomfortable reality: business profitability and social welfare
are often conflicting goals in the field of public transportation.
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In this context, government subsidies for transportation fares emerge as a viable and necessary solution to
balance this equation. A subsidy would alleviate the financial burden on users, especially the most vulnerable,
without compromising the economic viability of transportation operators. This type of intervention is not only
desirable but imperative to ensure an efficient, inclusive, and, above all, fair public transportation system for
all citizens. 26.27,28)

The case of Guadalajara reinforces the premise that public transportation is an essential service that requires
careful regulation and financial support from the state to function optimally.®*3%3" In short, fare subsidies are
a key strategy for reconciling business demands with social needs, ensuring that public transport continues to
be a driver of mobility and, therefore, of development for the entire city. 23334

In Brussels, for example, according to Ferri®?, the public transport operator in the metropolitan area allows
all children under the age of eleven to travel free of charge, offers discounts to students and even non-students,
as well as loyalty bonuses. In short, Belgian workers enjoy an annual pass valid for the entire rail network, co-
financed by their company. Part of the cost of the metro operator’s pass is subsidized by the worker’s company,
with a contribution that can cover the entire price. Lujan® mentions that RATP (the French acronym for the
company that manages public transport in the Paris metropolitan area) allows all children under the age of four
to travel for free and children up to the age of ten to travel at half price. Students under the age of 26 are also
entitled to a 47,63 % discount on standard pass prices with a special pass called Imagine R.?53637

Currently, in Jalisco, specifically in the Guadalajara Metropolitan Area (AMG), the second largest in terms
of population in Mexico, there are ten municipalities:®83%49 Guadalajara, Zapopan, San Pedro Tlaquepaque,
Tonala, El Salto, Tlajomulco de ZUhiga, Ixtlahuacan de los Membrillos, Juanacatlan, Zapotlanejo, and Acatlan
de Juarez. Economic conditions require the rational use of public funds. The public transport system is a
sector that requires significant investments and whose service provision is overburdened. In addition, the old
“man-truck” public transport model had several weaknesses in its management, including customer service,
user information, human resources, operations, maintenance, operating costs, and service management
administration. “142:43)

In this regard, to prevent transport companies from demanding public investment, the functional and
technical efficiency of transport must be increased. This can be achieved by optimizing the relationship
between service production and resource consumption, thereby enabling better budget management for the
sector.“4*) Therefore, to improve urban mobility, a methodology must be developed to evaluate the functional
and technical efficiency of public transport companies, specifically those operating routes in the AMG.“®

In 2013, the Jalisco State Road, Traffic, and Transportation Services Act was replaced by the Jalisco State
Mobility and Transportation Act. In this vein, the transition from the man-truck model to the route-company
model sought to improve mobility, benefiting the quality of life for the inhabitants of the AMG.“4®

However, mobility problems in the AMG have substantially reduced the quality of life of its citizens. This is
caused by the high rate of motorization resulting from inadequate urban development and mobility policies
promoted by the authorities, generating a significant number of negative externalities (air pollution, climate
change, accidents and fatalities, congestion, and noise).“%» Therefore, it is believed that as the transport sector
manages to respond to the new challenges of physical, operational, fare, and subsidy integration, progress and
improvements can be achieved not only at the business level, but also at the social and environmental levels. 52

According to the Jalisco Institute of Statistical and Geographic Information (lIEG), in 2019, Jalisco was
considered the fourth-largest state economy in Mexico. According to data from the National Population Council
(CONAPOQ), in 2019, the state had a total population of nearly 8,4 million inhabitants, of which approximately
61 % (5 million inhabitants) are concentrated in the AMG.®%*3¥ This ranks second among the most populated
metropolitan areas in our country.

On the other hand, according to data from the Metropolitan Land Use Plan (POTmet), various industrial,
commercial, and cultural activities are carried out in the urban area of the AMG, making this population
center one of the most important in the country.®>%) However, this phenomenon presents multiple mobility
and sustainability challenges, as the expansion has been significantly removed from the existing mass public
transport structure.™

Contrary to the above, Guzman et al.¥ argue that public transport systems have been characterized by
demanding growth parallel to that of cities.

Based on the above arguments, it appears that the mobility problems that have accumulated since the 1970s
remain unresolved.®7:%5% Although it can be said that the Jalisco government has never neglected this area,
its decisions have been overtaken by urban growth and, above all, the intensive use of cars. It is necessary to
provide references to support this argument. 6.6 |n the first scenario, these trends generate what are known
as urban mobility externalities, i.e., traffic congestion, high accident rates, environmental pollution, and
noise pollution, as well as the deterioration of public spaces.®>¢4%) In turn, urban mobility problems have also
had a direct impact on a society’s ability to access essential activities, such as work, education, culture, and
recreation, which are crucial for promoting the comprehensive development of citizens. 667,68
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According to the Multimodal Travel Demand Study for the ZMG!"®, 3 042 719 inhabitants made 9 752 652 trips
daily, resulting in 2,48 visits per capita. In this regard, mobility in the Guadalajara Metropolitan Area (ZMG)4 in
2007 was as follows: 37,4 % of trips were made on foot, 28,3 % by public transport, 27,2 % by private transport,
2,2 % by bicycle, 1,1 % by staff transport, 0,9 % by taxi, 0,5 % by school transport, 0,5 % by motorcycle, and 1,7
% unspecified. 707

However, for 2015, the INEGI intercensal survey shows that the modal share in the ZMG changed, with mass
public transport now gaining ground. Private vehicles are the second most commonly used means of transport
for commuting to work (32 % of trips) and the third for school trips (21 % of trips), with public transport or
walking being the most critical options."2737) Moreover, for 2019, according to data from the study “Getting
Around in GDL. Report on the results of the Citizen Perception Survey on Quality of Life conducted by Jalisco
Cémo Vamos in the Guadalajara Metropolitan Area in 2016, with a focus on mobility,” by the Jalisco Como
Vamos group, revealed that 60 % of people in Guadalajara mainly use public transportation. (7>

In addition, according to the National Survey of Household Income and Expenditure in Mexico conducted by
INEGI"”) households in the AMG spend an average of 14,30 % of their income on public transportation. However,
lower-income households, which are in the lowest decile, spend nearly 48 % of their income on housing.

Likewise, in European cities such as Madrid and London, mass mobility has not only become an effective
model for comprehensive transformation, but also an indispensable instrument of public policies aimed at
human and sustainable development. However, managing a new urban mobility model in a comprehensive and
participatory manner also represents a challenge for citizens and their government. 76777879

De Rus et al.® argue that choosing an alternative public transportation system is not relevant unless it leads
to a substantial reduction in operating costs. However, capital costs are equally crucial; in the field of mass
transportation, infrastructure spending is a decisive factor in decision-making.®%8.82.3% For example, in the Man
Truck model, where each licensee manages capital and infrastructure costs individually for their buses, it is not
easy to achieve the efficiency derived from the economies of scale offered by a Route-Company model. #48.86.87)
The latter allows for a reduction in capital and infrastructure costs, which, from a financial and operational
perspective, is essential to ensure the economic viability of the routes. ©88:%)

Based on the above, it is clear that the AMG suffers from the following problems: rapid and scattered urban
growth, growth of the vehicle fleet, frequent unacceptable pollution levels and significant damage to overall
health; increased traffic and travel times, as well as longer travel distances, ©®'92%3% low population density, and a
disjointed and obsolete transport model (the “man-truck” model), which the route-company model is currently
replacing in an attempt to take advantage of some of the management and efficiency benefits of BRT. ¢>%97:%)

L ShaaJiNe 2 s |
Figure 3. Complementary route units during the pandemic

As a result, in 2019, the Jalisco government reorganized its transportation system through the Ministry of
Transportation (SETRAN) with the General Transportation Program of the State of Jalisco (PGT), which includes
the implementation of 18 trunk corridors.©®%10.101102) Based on a non-probabilistic sample, trunk corridor
05, Lopez Mateos, was selected to obtain detailed information because, in the Guadalajara Metropolitan
Area, 1931 this corridor has been identified as a critical axis for public transportation. (19106107198 This corridor
serves a considerable population and connects multiple municipalities with downtown Guadalajara, an urban
center with a high concentration of employment.(19:110.111.112) However, the efficiency and effectiveness of the
current service are suboptimal due to fragmented management of existing routes and the lack of integrated
infrastructure. (113:114,115,116)
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Additionally, the fragmented management and inadequate public transport infrastructure on the Troncal
05 Lopez Mateos route are not effectively meeting the mobility needs of the population or capitalizing on
the area’s economic potential.""7118119.120) Thijs raises the need to evaluate the economic factors that justify
selecting this trunk line as a priority project.(121,122,123,124,125)

According to the Jalisco State Institute of Mobility and Transportation (IMTJ) for 2014,(126.127.128) 13 public
transportation routes operated on the Troncal 05 corridor. Lopez Mateos (T05) had 13 public transport routes, of
which nine originated in the municipality of Tlajomulco de ZUhiga and used Lopez Mateos Avenue as their main
corridor to reach their destinations, which were mainly concentrated at the Old Bus Station in the municipality
of Guadalajara. The remaining routes originate from the north of the Guadalajara Metropolitan Area, with
three routes coming from Huentitan and one from Zapopan Norte.

Table 1. Routes in operation in the Troncal 05
Corridor. Lopez Mateos, 2014

No Route

1 2

2 79

3 182 Lomas del Sur

4 182 Balcones

5 182A Ojo de Agua

6 183 Lomas de San Agustin

7 183A Hacienda de Santa Fe - Santa Anita
8 186 Eucalyptus Trees - La Noria

9 186 Valley of the Emperors

10 186 (382) Lopez Mateos (La Noria)
11 258

12 258A

13 258D

The Corridor of Route Troncal 05. Lopez Mates is approximately 25,86 km long and 32,80 km wide, covering
59 neighborhoods in Guadalajara, 75 neighborhoods in Tlajomulco de Zuiiga, six neighborhoods in San Pedro
Tlaquepaque, and 70 neighborhoods in Zapopan. It also connects with lines 1 and 2 of the light rail system at
the Macrobus and MIBici stations, as well as with bike lanes.(129130,131,132)

Likewise, according to data from the IMTJ"”) and the INEGI Population and Housing Census, the Corridor of
Route Troncal 05. Lopez Mateos, with a coverage radius of 400 meters, serves around 738 836 inhabitants who
travel to the center of the municipality of Guadalajara, which has 430 744 sources of employment, making it a
trunk line that generates a large number of work-related trips. (133134.135,136)

Figure 4. Work-related trips to the center of the municipality of Guadalajara
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Research questions
e How does the so-called “Mi Transporte” Integrated Transport Model, under the route-company
scheme, contribute to achieving a technical, fair, and sustainable fare for public transport in the
Guadalajara metropolitan area? Case Troncal 05. Lopez Mateos?
e What is the cost structure of the “Mi Transporte” Integrated Transport Model, which operates
under the route-company scheme in the Guadalajara metropolitan area? Case Troncal 05. Lopez Mateos?

General objective
e To characterize the technical, fair, and sustainable fare for public transportation known as the
“Mi Transporte” Integrated Transportation Model, under the route-company scheme in the Guadalajara
metropolitan area, specifically Troncal 05. Lopez Mateos.

Figure 5. Electric vehicles

METHOD

This research was conducted through the implementation of a methodological and instrumental proposal. It
consisted of applying a utility model designed to characterize fair and sustainable technical fares. The sample
was selected using a non-probabilistic method, opting for convenience and availability of operational data,
which led to the choice of Trunk Route 05, known as Lopez Mateos.

The methodology used to achieve the objectives established in this thesis was divided into four stages. Each
of these stages was aligned with the objectives mentioned in Chapter I, sub-section 1.5 “Objectives of this
thesis.”

Etapa Descripcion

1. Revision bibliografica y documental sobre el Modelo Integrado de Transporte "Mi
Transporte" y el esquema ruta-empresa en la Troncal 05. Lopez Mateos.

2. ldentificacion y analisis de las principales varnables que influyen en la determinacion
Etapa 1: de la tanfa técnica, como costos de operacion, infraestructura, demanda de usuarios y

Caracterizacion de la | politicas piblicas.

tarifa técnica, justa y | 3. Recopilacion y analisis de datos historicos y actuales sobre tarnfas técnicas y tanfas
sostenible aplicadas en la Troncal 05. Lopez Mateos y ofras troncales del modelo "Mi

Transporte”.

4. Comparacion de tanfas técnicas y aplicadas en distintas troncales y sistemas de
transporte para identificar posibles patrones y areas de mejora.

1. Identificacion de componentes clave de los costos de operacién del Modelo
Integrado de Transporte "Mi Transporte” en la Troncal 05. Lopez Mateos, incluyendo
combustible, mantenimiento, persona, seguros, entre otros.

Etapa 2:
Dimensionamiento
del comportamiento

de los principales | 3. Analisis de tendencias y comrelaciones entre los costos de operacion y las tarifas
costos de operacion | aplicadas a lo largo del tiempo.
4. |dentificacién de factores externos que puedan afectar los costos de operacion,
como variaciones en el precio del combustible o cambios en politicas
gubemamentales.

2. Recopilacion y analisis de datos historicos y actuales de los costos de operacion en
la Troncal 05. Lopez Mateos.

1. Investigacion y descripcion del esquema tarifario vigente en el Modelo Integrado de
Transporte "Mi Transporte” del AMG, incluyendo estructura de precios, subsidios,

Etapa 3: Explicacion | tarifas diferenciadas y mecanismos de actualizaciéon.
del esquema tarifario

2. Analisis del impacto del esquema tarifario en diferentes grupos de usuarios,
considerando aspectos socioeconomicos, geograficos y demograficos.
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3. Comparacion del esquema tarifario del AMG con esquemas de otras ciudades o
sistemas de transporte similares, resaltando similitudes y diferencias.

Etapa 4: Elaboracion
del modelo
econométrico y de
evaluacion
econdmica

1. Seleccion de varniables relevantes para el modelo econométrico, incluyendo costos
de operacion, demanda de usuarios, indicadores de servicios de transporte y vanables
macroeconomicas, entre ofras.

2. Recoleccion y procesamiento de datos necesarios para alimentar el modelo
econometrico, asegurando su calidad y representatividad.

3. Estimacion de elasticidades de demanda y otros parametros relevantes utilizando
técnicas economeétricas apropiadas, como regresion multiple o modelos de series
temporales.

4. Calculo de la tarifa tecnica, justa y sostenible para la Troncal 05. Lopez Mateos,
utiizando el modelo econométrico desarrollado y los resultados de las elasticidades de
demanda e indicadores de servicios de transporte.

5. Realizacion de analisis de sensibilidad para evaluar la robustez del modelo y
explorar posibles escenarios futuros segun varnaciones en las vanables clave.

6. Comparacion de resultados del modelo con las tarfas técnicas y aplicadas en la
Troncal 05. Lopez Mateos y ofras troncales del modelo "Mi Transporte”.

7. Proposicion de recomendaciones para la implementacion de una tarifa técnica, justa
y sostenible en la Troncal 05. Lopez Mateos y, si es aplicable, en otras troncales del
Modelo Integrado de Transporte "Mi Transporte” del AMG.

Figure 6. Stages of the methodology

Diagrama de flujo que representa la metodologia propuesta

Etapa 1

Estapa 2 Etapa 3 Etapa 4

Caracterizacion de la
tarifa técnica, justa y

sostenible

Elaboracion del
modelo economéatrico
y de evaluacion
aconomica

Dimenslonamients
del comportamiento
de los principales
costos de operaclon

Explicacin del
esquema tanfano

A J

Andlisis de
sensibilldad

A 4
oy

Comparacion de
resultados con tartas
actuales
W 0000 S

A J
( FRecomendaciones
para la
implementacion de
taritas técnicas,
ustas y sostenibles

Figure 7. Flow chart of the proposed methodology

The flowchart illustrates a sequential and structured process that follows each stage of the methodology,
from characterizing the fare to developing recommendations. At each stage, specific analyses were carried
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out to inform the subsequent stages. This approach ensured that the methodology efficiently and effectively
addressed the objectives set out in the thesis.

Additionally, its implementation provided relevant and detailed information on the technical, fair, and
sustainable fare for Trunk Line 05. Lopez Mateos and, potentially, on other trunk routes of the General
Transportation Program (PGT) of the AMG’s SETRAN™, The study’s results could help inform decision-makers
about potential adjustments to fare and public transportation policies.

Stage 1: Characterization of the technical, fair, and sustainable fare
General Transport Program Offer

In 2019, the Jalisco government reorganized its transportation system through the Transportation
Secretariat (SETRAN) with the General Transportation Program of the State of Jalisco (PGT), which includes the
implementation of the following trunk corridors: Trunk 01. 18 de Marzo, Trunk 02. Artesanos, Trunk Line 03.
Belisario, Trunk Line 04. Lazaro Cardenas, Trunk Line 05. Lopez Mateos, Trunk Line 06. Pablo Valdez, Trunk Line
07. Enrique Diaz de Leon, Trunk Line 08. Américas, Trunk Line 09. Circunvalacion, Trunk Line 10. Mariano Otero,
Trunk Line 11. Rio Nilo - Guadalupe, Trunk Road 12. Vallarta, Trunk Road 13. Solidaridad, Trunk Road 14. 8 de
Julio, Trunk Road 15. Prolongacion Alcalde, Trunk Road 16. Juan Gil Preciado, Trunk Road 17. Patria and Trunk
Road 18. Washington. This offer is described in the following table with its specific characteristics:

Longitud Tiempo Frecuencia
Troncal Modalidad {?jelta Y cr::.corrido de_ paso en Eza?:lﬁar gr:;i;adas
(Km) (Min.) (Min.)
L{:ﬁo 18 98| 1roncal 01 413 151 8.0 25 7
Troncal 02 35.0 128 71 18 8
TOZ. Artesanos -
Alimentador 02-02 23.1 a7 216 4 11
TO03. Belisario Troncal 03 449 163 6.5 25 6
Troncal 04 42.4 155 31 50 ]
To4. Lézaro | Alimentador 04-01 B86.7 241 10.0 24 4
Cardenas Alimentador 04-02 64.0 231 82 28 4
Alimentador 04-03 27.1 101 84 12 10
Troncal 05 62.2 224 43 48 4
Troncal 05 A 76.4 275 72 49 4
Alimentador 05-01 59.3 214 11.9 1 5
TOS. Lépez | Alimentador 05-02 39.1 143 72 7
Mateos Alimentador 05-03 438 160 10.0 6
Alimentador 05-04 54.0 196 9.8 15 5
Alimentador 05-05 24.1 90 7.5 2 11
Alimentador 05-06 45.2 155.2 7 12 5
Troncal 06 412 150 50 30 7
To6. Pablo | Alimentador 06-01 256 96 8.0 12 10
Valdez Alimentador 06-02 36.5 134 79 17 7
Alimentador 06-03 28.4 105 70 15 g
Troncal 07 586 212 35 60 5
TO7 Enrique Alimentador 07-01 36.8 135 52 26 7
Diaz de Ledn Alimentador 07-02 36.2 133 102 13 7
Alimentador 07-03 221 83 49 17 12
TO8. Américas Troncal 08 395 144 42 34 7
TO9. Troncal 09 Circuito 1 50.7 184 4.0 46 5
Circunvalacion | Troncal 09 Circuito 2 36.3 133 39 34 7
Troncal 10 336 124 41 30 8
gtg&o Mariano | »jimentador 10-01 479 174 79 22 6
Alimentador 10-02 238 89 8.1 11 11
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Troncal 11A 31.2 115 41 28 9
Alimentador 11A-01 382 140 10.0 14 7
Alimentador 11A-02 40.2 147 10.5 14 7
T11. Rio Nilo - | Alimentador 11A-03 430 157 104 15 5]
Guadalupe Troncal 11B 357 131 47 28 8
Alimentador 11B-01 437 159 14.5 11 6
Alimentador 11B-02 15.1 58 73 8 17
Alimentador 11B-03 255 o5 7.9 12 10
Troncal 12 43 4 158 59 27 6
T12. Vallarta Alimentador 12-01 533 193 77 25 5
Alimentador 12-02 26.0 97 6.1 16 10
Troncal 13 715 257 15 169 4
Troncal 13 A 62.9 227 3.0 76 4
Troncal 13 B 50.4 183 37 50 5
Alimentador 13-01 511 185 6.2 30 5
Alimentador 13-02 206 78 97 8 13
T13. Troncal | Alimentador 13-03 29.0 107 6.0 18 9
Solidaridad Alimentador 13-04 29.4 109 217 5 g
Alimentador 13-05 38.0 139 15.5 9 7
Alimentador 13-08 46 4 169 15.3 1 6
Alimentador 13-07 353 130 11.8 1 8
Alimentador 13-08 14.9 58 96 6 17
Alimentador 13-09 295 109 9.1 12 9
Troncal 14 558 202 2.4 85 5
Alimentador 14-01 21.0 79 6.1 13 13
) Alimentador 14-02 56.4 204 10.2 20 5
T14.-8dedulio 1 entador 14-03 207 78 56 14 13
Alimentador 14-04 447 163 65 25 6
Alimentador 14-05 146 56 9.4 6 18
Alimentador 14-06 26.3 o8 6.1 16 10
Alimentador 14-07 12.4 49 4.9 10 20
Alimentador 15-01 377 138 6.9 20 7
Alimentador 15-02 29.9 111 5.0 22 9
T15. y Alimentador 15-03 241 o0 6.0 15 11
Prolongacion -
Alcalde Alimentador 15-04 26.7 99 83 12 10
Alimentador 15-05 35.9 132 6.0 22 8
Alimentador 15-06 326 120 5.0 24 8
Troncal 16 427 156 3.0 52 6
Alimentador 16-01 441 161 5.4 30 6
Alimentador 16-02 358 131 10.1 13 8
T16. Juan Gil | Alimentador 16-03 351 129 107 12 8
Preciado Alimentador 16-04 396 145 14.5 10 7
Alimentador 16-05 39.3 144 8.0 18 7
Alimentador 16-06 476 173 7.9 22 6
Alimentador 16-07 60.6 219 122 18 5
Troncal 17 A 559 202 4.4 46 5
Alimentador 17A-01 38.4 141 33 42 7
17 Patia Alimentador 174-02 442 161 73 22 6
Alimentador 17A-03 22.0 a2 11.8 7 12
Troncal 17 B 32.1 118 9.1 13 8
Alimentador 178-01 287 106 97 1 9
T18. Washington Troncal 18 Circu?to 1 543 197 4.1 48 5
Troncal 18 Circuito 2 555 201 40 50 5

Source: Jalisco State Institute of Mobility and Transportation®®
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The vehicles offered by the public passenger service in the Guadalajara Metropolitan Area, which the Jalisco
State General Transport Program refers to as “Trunk and Complementary,” will be vehicles in segments “B” and
“C” as described in the current General Technical Regulations (NGCT). These vehicles are shown in figure 9.

i TIPO DE -
TIPO DE VEHICULO SEGMENTO SERVICIO CARACTERISTICAS
PESO BRUTO VEHICULAR
. : SEGMENTO & 5.000 kg. miximo
[—1 CUENCA DE SERVICIO |CAPACIDAD NOMINAL
= 9 Pa53j2MDE COMO MINIME 20 COMG MAXME -NGAIYE CoNUCtor- T0006 D=ber I E2ntados
" COMBUSTIBLE
Bas0ina / Deesel
, PESO BRUTO VEHICULER
D SEGMENTO B 10,400 g - 14,000 kg
= .o ALIMENTADORA -
750af50m CUENCA DE SERVICIO |CAPACIDAD NOMINAL
= 50 a 75 Pasajercs
| | e o TELE
B o 535 natural comprmion [GNC) / Dlesal
PESO BRUTO VEHICULAR

14,000 kg a 18,600 kg

i e e CAPACIDAD NOMINAL
A TRAMEAEY 100 pasaieros como maximo. No 62 permite persanas de ple en area Inmediata al conductor nil en area de
] e o. 4 851a1250m FECENSD Y 0

COMBUSTIELE

G35 Natural comprimico (GMC) / Dissal Uira Bajo 3zufre (UVA)
PESO BRUTO VEHICULAR

14,000 kg 3 15,600 kg
jra— CARATERISTICAS

. SEGMENTO C zalfin i CAPACIDAD NOMINAL
? 102031250 m Desde 37 hasta £5 pasajercs con igual nimen de aslentos, no se penmite qua parsonas viajen de pie
A TRONCALES -

CORREDORES COMBUSTIGLE
Gasolina / Diesal ulira Dajp azufre (UVA)
—_— - PESO BRUTO VEHICULAR

13,000 kg. maximo
. [+ [+ SEGMENTO D TROMCALES CAPACIDAD NOMIMAL

100 3 110 pas3jers coma maximo. Mo se permite parsonas de pie en area Inmediata al conductor nl en

9.51- 1250 m ared 08 SSCENS0 ¥ BESCENSD.
EI:I;ZEU]II:_D} oM LE
s Lo i i Troletas: Enengla Elecinca . Hibnoos: Diesel 0 a5 ¥ enengla elecinca

PES0 BRUTO VEHICULAR

"T’J 1770 = SEGMENTO E E1:30,500KgmMax.  EZ 39,500Kg max.
. - 1850m - 25m CORREDORES CAPACIDAD NOMINAL

= E1: 165 pasajeors  E2 240 pasajerts como mendmo. No se permite personas de ple en area inmeadiata al
. conducion nl en Afea de 3scenso Y descenso
FEEE DFFIIT‘:U]U = ’—v—
{ o EB:'r.m o -] xm::;m LAY
Source: Jalisco State Institute of Mobility and Transportation®®
Figure 9. Vehicle types and characteristics required by the NGCT for the operation of trunk and complementary routes

It should be noted that both segment “B” and “C” vehicles, which will make up the trunk and complementary
routes, must have 10 % of their units equipped with ramps for people with disabilities. Likewise, the nominal
capacity of vehicles (cnv) in segment “B” is 75 passengers and 60 passengers with a ramp, and for segment “C”,
it is 92 passengers and 77 passengers with a ramp.

In this regard, according to studies carried out by the Jalisco State Institute of Mobility and Transportation
(IMTJ) during 2018, it was determined that the average working time of public transportation units is 15,5 hours
per day (HrTd), which is equivalent to 5657,5 hours worked on average per year and an average travel speed
of 16 km/hr for the AMG.

Trunk Road 05. Lépez Mateos
Delimitation of the study area of T05. Lépez Mateos

According to the Guadalajara Metropolitan Area Planning and Development Management Institute (IMEPLAN),
the TO5 Lopez Mateos trunk route was updated for 2019 and now covers the municipalities of Guadalajara,
Zapopan, San Pedro Tlaquepaque, and Tlajomulco de Zdniga.

The update includes simplifying the existing network by creating two trunk routes. The first starts in the
municipality of Tlajomulco de Zlniga and uses Lopez Mateos Avenue to reach its destination, the Old Bus
Station. The second trunk route originates from the municipality of Guadalajara (Huentitan) and also passes
along Av. Lopez Mateos to reach its destination in Santa Ana Tepetitlan (Zapopan). In addition to these trunk
routes, there are also four feeder routes in the south (Tlajomulco) and two feeder routes in the north, as well
as a complementary route from the north of Zapopan.
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@ Troncal 05A

© Coredor Lopaz Maleos None
— Alimentador LOpez Maleos Norte
— plimentador Lpaz Mateos Sur
— Complemantaria (Propuesta)

Estructura Urbana Metropolitana

o Cenfralidad Metropolitana
0 Cenlralidad Periférica

e Centralidad Satélite

Source: IMEPLAN(?
Figure 10. Municipalities involved in Trunk Road 05. Lopez Mateos. 2019 update

imepla

| i i S

Source: IMEPLAN("
Figure 11. Trunk route 05. Lopez Mateos. 2019 update

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

13  Estrada Meza RU

Routes of the T05 Lépez Mateos
According to the IMEPLAN"® update of T05. Lopez Mateos, the following operational data corresponding to
the routes were obtained, as shown below:

Trunk Road TO5 North (Based on Route 258)

Outbound: 25,68 km

Manuel de J. Aréchiga - Joaquin Amaro - Calz. Juan Pablo Il - José Maria Lozano - Av. Belisario Dominguez
- Industria - Independencia - Venustiano Carranza - San Felipe - Andrés Teran - Av. México - Av. Adolfo Lopez
Mateos - Camino a Santa Ana Tepetitlan - Aquiles Serdan - Aldama - Galeana - Dr. Mateo de Regil - Javier Mina
- Abasolo.

Return: 32,80 km

Guadalupe Victoria - Aquiles Serdan - Camino a Santa Ana Tepetitlan - Av. Adolfo Lopez Mateos - Prol. Adolfo
Lopez Mateos - Av. Adolfo Lopez Mateos - Av. México - Chapultepec Avenue - Juan Manuel - Federacion - Jarauta
- Pablo Valdez - Aquiles Serdan - Juan Pablo Il Boulevard - Joaquin Amaro - Silvestre Vargas - Ignacio Camarena
- Manuel de J. Aréchiga.

Trunk Line TO5 South (Based on Route 186)

Outbound: 37,84 km

Camino al Mirador - Prol. Escobedo - Higuera - Vallarta Oriente - Vallarta Poniente

- Av. Pedro Parra Centeno - Carr. a Morelia - Prol. Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Av.
Mariano Otero - Calz. Lazaro Cardenas - Mariano Otero - Circunvalacion Santa Edwiges - Av. Washington - Héroes
Ferrocarrileros - Nicolas Bravo - Calz. Gonzalez Gallo - Analco.

Return: 38,59 km

Av. 5 de Febrero - Av. Constituyentes - Calz. del Aguila - Circunvalacién Santa Edwiges - Mariano Otero - Calz.
Lazaro Cardenas - Av. Mariano Otero - Ahuizotl - Av. Adolfo Lopez Mateos - Prol. Adolfo Lopez Mateos - Carr. a
Morelia - Av. Las Flores - Begonia - Carr. a San Isidro Mazatepec - Av. Pedro Parra Centeno - Prol. Constitucion -
Constitucion Poniente - Constitucion Oriente - Higuera - Prol. Escobedo - Camino al Mirador.

To 05-01 (Based on route 182A Balcones)

One way: 18,36 km

Camino a La Loma - Calz. Santa Anita - Camino a La Loma - Prol. 16 de Septiembre

- 16 de Septiembre - Morelos - Allende - Francisco I. Madero - Camino Real de Colima - Ramon Corona - Prol.
Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Av. Plaza del Sol.

Return: 20,74 km

Mariano Otero Avenue - Ahuizotl - Adolfo Lopez Mateos Avenue - Adolfo Lopez Mateos Extension - Road to
Morelia - Ramoén Corona - Camino Real de Colima - Francisco |. Madero - September 16 - September 16 Extension
- Road to La Loma - Santa Anita Boulevard - Road to La Loma.

To 05-02 (Based on route 182 Lomas del Sur)

One way: 28,51 km

From La Providencia - Av. de La Fortuna - Camino Lomas de Tejeda - La Concepcion

- Lomas de Luxemburgo - Av. Lomas de Ginebra - Blvr. Lomas del Sur - Carretera Tlajomulco-San Sebastian -
Carretera a Tlajomulco - Vicente Guerrero - Emiliano Zapata - 20 de Enero - Zaragoza - Graciano Sanchez - 16
de Septiembre - Prol. 16 de Septiembre - 16 de Septiembre - Morelos - Allende - Francisco |. Madero -

Camino Real de Colima - Ramon Corona - Prol. Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Av. Plaza
del Sol.

Return: 30,94 km

Mariano Otero Avenue - Ahuizotl - Adolfo Lopez Mateos Avenue - Adolfo Lopez Mateos Extension - Carr. a
Morelia - Ramon Corona - Camino Real de Colima - Francisco |. Madero - September 16 - Prol. September 16
- September 16 - Graciano Sanchez - Zaragoza - 20 de Enero - Emiliano Zapata - Vicente Guerrero - Carretera
a Tlajomulco - Carretera Tlajomulco - San Sebastian - Blvr. Lomas del Sur - Av. Lomas de Ginebra - Lomas de
Luxemburgo - Camino Lomas de Tejeda - La Concepcion - Av. de La Fortuna - Av. de La Felicidad - Av. del Azar.

To 05-03 (Based on route 183 Lomas de San Agustin)

One way: 28,27 km

Av. de Los Abedules - Loma del Valle - Loma Cerrada Ote. - Loma Escondida Norte

- Loma Real Boulevard - Camino a La Pedrera - Chapala Lake - Cam. a Lomas de San Agustin - Chapala Lake
- Lagunitas - Ant. Cam. Real de Colima - Camino Real de Colima - Nicolas R. Casillas - Carr. a Morelia - Prol.
Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Av. Nifios Héroes - Av. de Los Arcos - Av. Nifios Héroes - 16 de
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Septiembre - Colegiales.

Return: 28,24 km

Corona Avenue - Comercio - La Paz Avenue - 16 de Septiembre - Niflos Héroes Avenue - Los Arcos Avenue
- Nifios Héroes Avenue - Adolfo Lopez Mateos Avenue - Prol. Adolfo Lopez Mateos - Carr. a Morelia - Aldama -
Matamoros - Camino Real de Colima - Ant. Cam. Real de Colima - Lagunitas - Lake Chapala - Cam. a Lomas de
San Agustin - Lake Chapala - Camino a La Pedrera - Blvr. Loma Real - Loma del Valle - Av. de Los Abedules.

To 05-04 (Based on route 186A Lépez Mateos)

One way: 29,70 km

Paseo de La Noria - Camino al Mirador - Prol. Escobedo - Higuera - Vallarta Oriente - Vallarta Poniente - Av.
Pedro Parra Centeno - Carr. a Morelia - Prol. Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Lateral Periférico
- Periférico - Lateral Periférico - Periférico.

Return: 29,43 km

Periférico - Lateral Periférico - Av. Adolfo Lopez Mateos - Prol. Adolfo Lopez Mateos - Carr. a Morelia - Av.
Las Flores - Begonia - Carr. a San Isidro Mazatepec - Av. Pedro Parra Centeno - Prol. Constitucion - Constitucion
Poniente - Constitucion Oriente - Higuera - Prol. Escobedo - Camino al Mirador - Paseo de La Noria.

To 05-05 (Based on the northern section of route 258A)

Outbound: 13,50 km

Francisco Pastor - Manuel Santa Maria - Ignacio Solis - Mariano Olivares - Maria Luisa Martinez - Onofre Gémez
Portugal - Panfilo Natera - Joaquin Mucel - Jerénimo Balleza - Periférico - José Maria Chavez - Soto y Gama -
Angel Martinez - Monte San Elias - Monte Colli - Av. Normalistas - Fray Junipero Serra - Av. de Los Maestros

- Fray Junipero Serra - Jesus Garcia - Av. Adolfo Lopez Mateos.

Return: 13,37 km

Adolfo Lopez Mateos Avenue - José Maria Vigil - Juan N. Cumplido - JesUs Garcia - Fray Junipero Serra - Los
Maestros Avenue - Fray Junipero Serra - Normalistas Avenue - Monte Lisboa - Monte San Elias - Angel Martinez -
Eutimio Pinzon - Fernando Franco - Soto y Gama - Juan José de La Garza - Periférico - Jerénimo Balleza - Joaquin
Mucel - Panfilo Natera - Onofre Gomez Portugal - Maria Luisa Martinez - Mariano Olivares - Juan Carrasco.

A 05-06 (Based on the southern section of Route 258D)

One way: 21,87 km

Prol. Quinceo Volcano - Puerto Pajaritos - Puerto Mexico - Francisco |. Madero - Paseo de La Primavera
- Belisario Dominguez - Tepeyac Avenue - Dr. Mateo de Regil - Tlalpan - Colonos Unidos - Playitas - Colonos
Unidos - Periférico - Lateral Periférico - Av. Adolfo Lopez Mateos - Av. La Paz - Circ. Agustin Yafez - Emilio
Castelar - Lerdo de Tejada - Juan Ruiz de Alarcén - Lerdo de Tejada - Colonias - Libertad - Calz. del Federalismo
- Prisciliano Sanchez - Calz. Independencia - Federacion.

Return: 23,34 km

Belisario Dominguez - Ejército - Valentin Gomez Farias - Calz. Independencia - Francisco I. Madero - Calz.
del Federalismo - Av. La Paz - Circ. Agustin Yanez - Adolfo Lopez Mateos Avenue - Galileo Galilei - Mariano Otero
Avenue - Periférico - Colonos Unidos - Playitas - Benito Juarez - Tlalpan - Dr. Mateo de Regil - Tepeyac Avenue
- Belisario Dominguez - Paseo de La Primavera - Francisco |. Madero - Puerto México - Puerto Pajaritos - Mango
- Prol. El Colli - Av. Guadalupe - Priv. Guadalupe.

Complementary (Same route as route 24)

Outbound: 34,74 km

Camino Antiguo a Tesistan - Valle de Tesistan - Av. Valle de Tesistan - Calz. Federalistas - Valle de Las Palmas
- Valle de Atemajac - Av. Acueducto - Av. Santa Margarita - Camino a Tesistan - Constitucion - Bellavista - Hidalgo
- Av. de Los Laureles - Prol. de Las Américas - Av. Adolfo Lopez Mateos - Camino a Santa Ana Tepetitlan - Aquiles
Serdan - Aldama - Galeana - Dr. Mateo de Regil - Javier Mina - Abasolo - Guadalupe Victoria - Aquiles Serdan -
Camino a Santa Ana Tepetitlan - Av. Adolfo Lopez Mateos - Prol. Adolfo Lopez Mateos.

Return: 27,56 km

Prol. Adolfo Lopez Mateos - Av. Adolfo Lopez Mateos - Prol. de Las Américas - Av. de Los Laureles - Hidalgo -
Bellavista - Constitucion - Camino a Tesistan - Av. Santa Margarita - Av. Acueducto - Valle de Atemajac - Valle de
Las Palmas - Calz. Federalistas - Valle de Tesistan Avenue - Old Road to Tesistan - Air Base Bypass.

Intermodal transport around the T05. Lopez Mateos

The T05. Lopez Mateos has connections with other modes of mass and non-motorized transport. It has
intermodality with lines 1 and 2 of the Light Rail, with the Macrobds stations.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

15  Estrada Meza RU

imeplan
Py | s s v
conXionEs con TRDS oD
e | RS RS TomaAb
h‘k\-\, Simbologia
S —
e
N
p
«:’;’
(’f 2
P £ -
A e !

i s ; =
ff m‘* e . :
/ 23 !? %

¢ ; 8 E g

e s :‘q,. %

\

|

Figure 12. T05. Lopez Mateos with connections to other modes of mass and non-motorized transport

Source: IMEPLAN®®

Ruta Conexiones o Estaciones | Cantidad Nombre de Estaciones
Tren Ligero (L1) 1 Refugio
Tren Ligero (L1) 1 San Juan de Dios
Troncal TO5. Norte [ Macrobus/Mi Macrocalzada 2 San Juan de Dios, Alameda
MiBici 63
Ciclovias 17
Tren Ligero (L1) 1 Washington
Troncal TO5. Sur Macrobus/Mi Macrocalzada 2 Nifios Héroes, Agua Azul
MiBici 12
Ciclovias 10
Alimentador 05-01 | MiBici 1
Ciclovias 3
Alimentador 05-02 | MiBici 1
Ciclovias 4
Tren Ligero (L1) 1 Mexicaltzingo
- La Paz, Nifos Héroes
Alimentador 05-03 Macrobus/Mi Macrocalzada 3 Bi oentén ario !
MiBici 40
Ciclovias 10
Alimentador 05-04 | Tren Ligero (L1) 1 Periférico
Ciclovias 3
) Tren Ligero (L1) 1 Mezquitan
Alimentador 05-05 MiBici 24
Ciclovias 11
Tren Ligero (L1) 2 Mexicaltzingo, Juarez
Juarez, Plaza Universidad,
Tren Ligero (L2) 4 San Juan de Dios, Belisario
Alimentador 05-06 go"‘j‘gueg =
. an Juan de Dios,
Macrobus/Mi Macrocalzada 3 Bicentenario, Alameda
MiBici 72
Ciclovias 13
Complementaria MiBici 40
Ciclovias 15

Source: IMEPLAN®
Figure 13. Toncal 05. Lopez Mateos with connections to other modes of mass and non-motorized transpor

Demand for service on T05. Lépez Mateos IV.1.1.2.4.1 Population in the T05 corridor. Lopez Mateos
According to IMEPLAN®® data, within the 400-meter coverage radius of the corridor, the population was
calculated per block based on the INEGI population and housing census corridor, the population per block was
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considered based on the INEGI"? population and housing census, which shows that the entire corridor has 738
836 inhabitants, with a notable concentration of population on the outskirts of the metropolis, indicating that
these areas will generate more trips, contributing to the dynamic in which downtown Guadalajara is the main
attraction for travel.

imeplair

Source: IMEPLAN(?
Figure 14. Population covered in the T05 corridor. Lopez Mateos

Jobs in the T05 corridor. Lopez Mateos

IMEPLAN® estimated the number of jobs within a 400-meter radius of the trunk corridor, arriving at an
estimate of 430 744 jobs, with a notable concentration in the center of the municipality of Guadalajara, which
contrasts with the distribution of inhabitants.

imeplan

Source: IMEPLAN()
Figure 15. Concentration of jobs in the T05 corridor. Lopez Mateos

Income from the T05. Lépez Mateos

According to data from the Multimodal Travel Demand Study conducted by AU Consultores™, 2 772 373
trips are made daily on public transportation in the AMG. However, according to data from the Guadalajara
Metropolitan Area Planning Institute (IMEPLAN), 4,4 million trips were made daily on public transportation in
2019. This last figure is crucial for understanding the demand for public transportation services.

The total revenue generated by the Troncal 05 Lopez Mateos route is one of the main variables in the
public transportation market. To achieve this calculation, demand data generated in the specialized transport
planning software model, TransCAD5, corresponding to Troncal 05. Lopez Mateos was used to validate the
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model for the economic evaluation of Stage 4 of the methodology employed in this thesis. The following
algebraic expression was used:

Y=(Pax*t)+ (Ptr+t1)

Where:

Y: daily revenue per trunk line for service production
Pax: daily passengers per trunk line

t: normal fare

Ptr: daily passengers per trunk line for transfers

t1: transfer fare

Figure 16 below shows the calculation of daily revenue (Y ) for Trunk Line 05, Lopez Mateos. This calculation
was based on the current fare for the route-company model, which is $9,50 MXN for a full fare (t) and $4,50
MXN for a transfer fare (Ptr ).

| Y(Pax=t) | Y(Ptr=t1)

Troncal Pax | Ptr | _¢950 £1=$4.50 Y
TRONCAL 05. Lopez Mateos | 33,301 | 346 $316,360 $1557 | $317.917
Norte (258)
TRONCAL 05.02 Lopez Mateos | 25,000 | 302 $237,500 $1359 | $238,859
Sur (186)
A 05-01 373 0 $3.544 $180  $3.724
A05-02 1277 | 43 $12.132 $194 | $12.325
A05-03 2604 | 261 $24.738 $1.175| $25.913
A05-04 2896 | 0 $27.512 $0.00| $27.512
A05-05 710 0 $6.745 $0.00|  $6.745
A05-06 7760 | 92 $73.720 $414 | $74134

TOTAL $707,128

Figure 16. Calculated daily revenue from Troncal 05. Lopez Mateos generated by service production
Note: Amounts in MXN/day

The Troncal 05. Lopez Mateos route corridor, consisting of two trunk routes and six feeder routes, generates
$707 128 MXN per day. It is important to note that to calculate the daily revenue for the following trunk routes,
it is necessary to replicate the aforementioned algebraic expression.

Stage 2: Sizing the behavior of the main operating costs
Operating costs

All expenses related to the operation of the service, i.e., the cost of the factors of production for its
provision, are defined as operating costs of public passenger transport. For the purposes of this model, all costs
will be standardized in terms of average operating cost per kilometer traveled (Cmokm ) for a vehicle of typei
, which will be determined by the following algebraic expression:

Cmokm, = (Cdkm , +Cikm , +Gokm , +Bdkm )

Where:

Cmokm,: average operating cost per kilometer traveled by the vehicle i
Cdkm,: direct cost per kilometer traveled by the vehicle i

Cikm,: indirect cost per kilometer traveled by the vehicle i

Gokm,: operating expense per kilometer traveled by the vehicle i
Bdkm,: discount ticket per kilometer traveled by the vehicle i

According to the baseline information taken from the “Final ruling for the approval of technical rates for
collective passenger transport services for the Routes-Company of the Guadalajara Metropolitan Area and the
Integrated System of the City of Puerto Vallarta, issued by the Institute of Mobility and Transport of the State
of Jalisco,” published in August 2018, they were updated to current prices; that is, to 2019 prices, the main
basic inputs necessary for the production of the transport service, which are as follows: fuel (diesel and natural
gas), oil, tires, and vehicles, which are presented in figure 17.
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Insumo 2018 2019 Variacion (%)
Precio de combustible Gas Natural ($/1) $8.49 $9.99 17.6%
Precio de combustible diésel ($/) $19.58 $20.74 5.92%
Vehiculo segmento C1 sin rampa $2,800,000.00 $2,909,226.70 3.90%
Vehiculo segmento C1 con rampa $3=066v350'00 $3=123,224-52 1.85%
Vehiculo segmento B sin rampa $1,830,500.00 $1,905,520.69 4.10%
Vehiculo segmento B con rampa $2=096-85’0-00 $2=1 19,518.51 1.08%
Precio aceite ($/1) $59.58 $61.04 2.45%
Precio de una llanta incluyendo $4.811.00 $4.944.00 2.76%
mantenimiento ’ '
Costo del sistema de prepago por vehiculo $8,800.00 $9,134.40 3.80%
mensual

Source: Market prices from DINA, Energy Regulatory Commission (CRE), El Salto Natural Gas Distribution Plant S.A. de
C.V., LubTrac, Jasman, and Pasajero?7. January 11, 2019
Figure 17. Current prices of inputs necessary for the production of public passenger transportation services and growth
rate from 2018 to 2019

Direct costs
For this variable, the direct cost per kilometer traveled by the vehicle (Cdkm ) will be used, and the
algebraic expression will be used:

Cdkm, =Cckm , +Cakm , +Clkm ,

Where:

Cckm,: fuel cost per kilometer traveled by the vehicle i
Cahv,: oil cost per kilometer traveled by the vehicle i
Clhv,: tire cost per kilometer traveled by the vehicle i

Fuel cost

The calculation of fuel cost will depend on the type of vehicle (Cckm ) and the size of the fleet for each
trunk and/or complementary route, the price of fuel, the average fuel consumption, and the average operating
speed of the vehicle i. Its algebraic expression will be:

PrC =V = Fl

Cckm, =
rdc
Where:
Cckm,: fuel cost per kilometer traveled by the vehicle i
PrC: fuel price
V: average travel speed
Fl: fleet of the trunk or complementary route
rdc: fuel efficiency

Fuel price (S/L)

For Compressed Natural Gas (CNG), the value was taken at current 2019 prices, consulted by telephone on
January 11 of that year, from the El Salto Natural Gas Distribution Plant, which reported a price (PrC ) of $9,99
MXN per liter. For diesel, information published by the Energy Regulatory Commission (CRE) was consulted
regarding “National Average Daily Prices and Monthly Prices by State for Gasoline and Diesel” for 2019. The
price of diesel fuel (PrC ) in the state of Jalisco for January of that year was taken into consideration, which
was $20,74 MXN per liter.

Fuel efficiency (km/lt)

To calculate fuel efficiency (rdc ), in the case of vehicles that use CNG and based on the technical
specifications provided by the supplier consulted during the data collection and update, the figure is 1,8 km/
lt, and in the case of vehicles that use diesel, the figure is 2,1 km/lt.
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Oil cost
This direct cost represents oil consumption by vehicle type (Cakm ) per fleet on the main or complementary
route. Its algebraic expression is as follows:

Kml' FPria =1
KmCa‘] KmT ~ Fl

Where:

Cakm,: oil cost per kilometer traveled by vehicle i
PrAc: price of oil

KmT: kilometers traveled per year per vehicle

Fl: main or complementary route fleet

KmCa: kilometers of service between oil changes
I: Crankcase capacity

Oil price
This information was obtained from LubTrac by telephone. The price per liter of oil (PrAc) provided was
$61,04 MXN, considering large-scale purchases, i.e., in drums with a capacity of 208 liters.

Crankcase capacity
The crankcase capacity (I) according to the technical specifications provided by the vehicle supplier is 24
liters.

Hours between oil changes
According to the technical data sheets provided by the vehicle suppliers, consulted for the update, oil
changes (KmcCa) should be performed every 937 hours of service.

Cost per tire
To calculate this direct cost in the production of the public transport service, the following algebraic
expression will be used:

PrLl =nLl = Fl

Cliem., VeLlkm
Where:
Clkm,: Cost of tires per kilometer traveled by vehicle i
PrLl: Unit price of a tire including maintenance
nLl: Number of tires
Fl: Fleet of the trunk or complementary route
VeLlkm: Economic life of tires in kilometers traveled

Unit price of tires, including maintenance
According to information provided by Pasajero7 and Jasman, the unit price of a 11R/22,5 tire (PrLl ),
including maintenance, is $4944,00 MXN.

Fleet tire price for trunk or complementary routes

This direct cost is the product of the number of tires (nLl ) multiplied by the number of vehicles on the
trunk or complementary route (Fl ). It is important to note that this cost includes nine tires per unit (six tires
integrated into the vehicle, one spare, and two additional front tires for rapid wear), i.e., one and a half sets
per unit.

Economic life of tires in kilometers
The useful life of a complete set of tires (VeLlKm ) is 120 000 kilometers. It should be noted that one and a
half sets of tires per vehicle were quoted.

Indirect costs
For this variable, the concept of indirect cost per hour of vehicle use was used (Cikm ), and the following
algebraic expression was used:
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Cikm, = Cafkm, + Cskm, + Cmkm,

Where:

Cafkm,: cost per kilometer traveled by the vehicle under a financial lease i
Cskm,: insurance cost per kilometer traveled by the vehicle i

Cmkm,: maintenance cost per kilometer traveled by the vehicle i

Fleet and vehicle acquisition value

In this category of the cost structure, it is important to have an updated record of both the acquisition value
of the vehicle by typei and the value of the fleet for the main and/or complementary route, which will be
represented by the following variables: Prv, and PrFl , respectively. For this purpose, the acquisition value of
the vehicles was quoted by the company DINA on January 11, 2019 (Table 9). The price of the vehicle according
to type is as follows: Segment “C” vehicle without ramp, $2 909 226,70 MXN; Segment “C” vehicle with ramp,
$3 123 224,52 MXN; “B” segment vehicle without ramp, $1 905 520,69 MXN; and “B” segment vehicle with
ramp, $2 119 518,51 MXN. The following algebraic expression was used to calculate the value of the fleet:

PrFl = Prv, = Fl

Where:

PrFl: Acquisition value of the fleet

Prv,: Acquisition value of the vehicle i

Fl: Fleet on the main or complementary route

Cost per financial lease
The cost of the financial lease per kilometer traveled by vehicle type (Cafkm ) will be represented by the
following algebraic expression:

ke — I oy
Corflem, =212 z
_ - (z » KmS)365

Where:

r: annual interest rate

K: total loan payment

k: partial loan payment

n: loan term

z: economic life of the vehicle in years
vr: percentage of residual value

va: current value

Fl: main or complementary route fleet
PrFl: acquisition value of the rolling stock
Prv,: acquisition value of the vehicle i
KmS,: kilometers traveled in service per day per vehicle i

This indirect cost includes the annual interest rate (r) provided by DINA, which is 14,5 %. The total loan
payment (K) represents the sum of all payments made at the end of the loan term (n), which, according to
the information provided by the DINA group’s financial institution, Mercader Financial, is five years. Likewise,
based on the information provided by the aforementioned company, the percentage of the vehicle’s residual
value (vr) at the end of its useful life is 10 % for vehicles powered by Compressed Natural Gas (CNG) and 15 %
for vehicles powered by diesel.

To determine the economic life of the unit in years (z), the provisions of the General Technical Standard
specifying the characteristics that vehicles must have for urban, suburban, metropolitan, and suburban public
passenger transport services and special characteristics were taken into account. In the case of the State of
Jalisco, it is 10 years.
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Cost per insurance service

The calculation of the cost of insurance per kilometer traveled by the vehiclei per fleet (Cskm ) considers
the insurance premium factor (sg), which is established in Article 150 of the Regulations of the Mobility and
Transportation Law of the State of Jalisco for vehicles used for public transportation services, which is 3 % of
the total cost of the unit according to the mutual insurance company consulted (Qualitas) for the model. The
following algebraic expression will be used for the calculation:

Cokm = PrFl =sg
SEML ™ Km + 365

Where:

Cskm,: insurance cost per kilometer traveled by vehicle i

PrFl: acquisition value of the rolling stock

sg: insurance premium factor

Km: kilometers traveled per year per vehicle

Maintenance cost
To calculate the maintenance cost per vehicle typei per fleet (Cmkm), the annual maintenance percentage
will be considered and the following algebraic expression will be used:

fm = PrFl

Cmkm. =2 65

Where:

Cmkm,: insurance cost per kilometer traveled by vehicle i
fm: annual maintenance percentage

PrFl: acquisition value of the rolling stock

HrT: hours worked per year per vehicle

For this percentage, suppliers and carriers were consulted by telephone, and maintenance costs are
estimated at 10 % of the total cost of the unit.

Operating expenses
To calculate the operating expenses per hour for the vehicle typei (Gokm ), all expenses necessary to
operate each trunk line were considered, and the following algebraic expression was used:

Gokm, = Cpkm, + CPrkm, + Gakm. + Gikm,

Where:

Gokm,: operating expense per kilometer traveled by the vehicle i
Cpkm,: personnel cost per kilometer traveled by the vehicle i

CPrkm,: cost per service per kilometer traveled by the vehicle i
Gakm,: administrative expenses per kilometer traveled by the vehicle i
Gikm,: infrastructure expenses per kilometer traveled by the vehicle i

Personnel cost per kilometer and fleet

To estimate and calculate the cost of the personnel required to operate a trunk route under the business
model (Cpkm ), i.e., organized by administrative, operational, and maintenance areas, the following items
were calculated: monthly payroll cost (nm ), the average number of days per month7 (fdm ), and the number
of kilometers traveled per day (Kmd ). Given the above, the following algebraic expression will be used:

nm

PRM. = i « Kmd)

Where:
Cpkm,: personnel cost per kilometer traveled by the type of vehicle i
nm: monthly payroll
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fdm: average monthly days factor
Kmd: kilometers traveled per day per vehicle type i

To calculate the monthly payroll (nm ), a standard organizational chart was used for all trunk lines, consisting
of the following structure: Assembly, General Management, Legal Department, Administrative Department,
Operations Department, Maintenance Department, and Fuel Department. The following algebraic expression
will be used for the calculation:

Cnm * Fl * cnv
nm =
Pv

Where:

nm: monthly payroll

Cnm: monthly payroll cost

Fl: fleet of the trunk or complementary route

cnv,: nominal capacity for the vehicle i

Pv,: proportion of vehicles by typei tion of the entire General Transportation Program

To calculate the average number of days per month (fdm ), the factor established in Article 1429 of the
Income Tax Law (ISR) was used, i.e., 30,42 days, and for the kilometers traveled per day (Kmd ), the kilometers
traveled per vehicle per day were considered, plus the kilometers traveled empty per vehicle.

Cost of benefits per kilometer

To calculate this item (CPrhv), official parameters from the Mexican Social Security Institute (IMSS), the
National Workers’ Housing Fund Institute (INFONAVIT), the 2 % state payroll tax, and the Retirement Savings
System (SAR) per kilometer traveled per vehicle. Based on the above, it is estimated that this parameter
represents 30 % of the operating expense of a route-company. The following algebraic expression was used to
calculate this expenditure:

_ (nm= Ppr)
CPrikm, = o S (Kmd)

Where:

CPrkm,: cost of benefits per kilometer traveled by the type of vehicle i
nm: monthly payroll

fdm: average number of days per month

Ppr: percentage of benefits

Kmd: kilometers traveled per day per vehicle type i

Administrative expenses
This administrative expense (Gakm ) consists of the expenditure resulting from the operation of a prepaid
system and considers an outlay per vehicle and fleet. The following algebraic expression was used for this item:

Fl = Csir

Gakm, = uﬂ(md
fdm

Where:
Gakm,: administrative expenses per hour of the vehicle type i
Fl: fleet on the main or complementary route
fdm: average number of days per month
CsirV: cost of the interoperable collection system per vehicle type i
kmd: kilometers traveled per day per vehicle type i

It should be noted that, given that the supplier’s data was not available, the cost of the interoperable
collection system per vehicle (CsirV ) was calculated based on the 2018 cost established in IMTJ-532/2018/
DND issued by the Technical Committee for Fare Validation, plus the 2019 inflation increase, resulting in $9134
MXN per vehicle.
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Infrastructure expenses
The expenses generated by the operation of the facilities on each trunk or complementary route (Gikm )
were calculated using the following algebraic expression:

Past Tt tr[>a+p7)
HrTd

Gikm, =

Where:

Gikm,: infrastructure expenses per kilometer traveled by vehicle type i
Pas: daily passengers per vehicle type i

t: fare

tr: amount of discounted tickets per kilometer traveled by vehicle type i
ftr: transfer factor per trip

a: percentage of facility costs relative to trunk line revenues

B: percentage of control center cost relative to trunk line revenue

Kmd: kilometers traveled per day per vehicle type i

Discount tickets

In this section, it is important to note that since there is no official information provided by the transport
union or by the company that generates the discount ticket (Bdkm) known as “Mi Pasaje,” the percentage
established in Ruling IMTJ-532/2018/DND issued by the Technical Committee for Fare Validation in August 2018
was used, to what was known as Bienevale and Transvale. That said, the percentage of discounted tickets (o)
is 9,30 % per vehicle. To calculate the number of discount tickets and their cost per vehicle and per fleet, the
following algebraic expression was used:

o = Pas9@A#T)

Bdk =
. Kmd

Where:

Bdkm,: discount tickets per kilometer traveled by vehicle type i
o: percentage of discounted tickets

Pas: daily passengers per vehicle type i

ftr: transfer factor per trip

Kmd: kilometers traveled per day per vehicle type i

In conclusion, the cost structure of public passenger transport operating in the AMG is defined as follows:
Direct costs (fuel, oil, and tires); Indirect costs (bus price, financial leasing, interest rate, term, redemption
value, economic life, and maintenance); Operating expenses (personnel costs, benefit costs, administrative
expenses, and infrastructure expenses) and costs generated by discount tickets. For the social fare, the 2015
Intercensal Survey by INEGI was considered, as well as the 2016 User Satisfaction Survey for the Guadalajara
Metropolitan Area, conducted by the Jalisco State Institute of Mobility and Transportation, and the expenditure
categories of the National Consumer Price Index (INPC) for 2019.

Based on the above, it was possible to determine the percentage of daily and monthly expenditure on public
transport by area and income level. In addition, the data obtained was used to consider other variables such
as the percentage of users without a car, public transport users, and a possible determination of the social
fare for the “Mi Transporte” Integrated Transport Model. In short, the conditions required for obtaining a social
transport fare serve as a reference point for promoting new public transport policies with social pricing, which
is understood as measures to combat social exclusion.

Stage 3: Explanation of the fare scheme

The analysis of the current fare presents a more adverse picture, as total operating costs have increased
substantially in the provision of the service. The state government must therefore define the rules of the
game regarding public transport fares. With these rules, entrepreneurs can measure their capacity and jointly
determine a real public policy, where the costs and benefits for each member are known.

However, Jalisco continues to make unilateral decisions, and the government does not usually accurately
assess the consequences of continuing with a punitive or social fare policy without providing subsidies. Two
types of subsidies have been used for public transport in Jalisco: direct and indirect. The first is when the
government pays the subsidy percentage directly through its expenditure policy, and the second is when the
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cost of differentiated tickets is distributed among the total number of tickets sold. In summary, the following
types of fares can be defined:

a) Technical fare: this is when the price of the service covers all expenses and projected profits. In
this way, if the government decides to implement a technical fare that allows entrepreneurs to have
a healthy and efficient economy that depends solely on the payment for the service, it would then be
possible to eliminate any subsidy.

b) Zero-profit tariff: this is when the state provides the transport service, and only the costs of
providing the service are covered. In this sense, if the government decides to implement a “zero-profit”
tariff for government agencies whose objective is not to obtain economic benefits, private companies
(service providers) will receive the profit through a subsidy.

c) Social fare: this is when the State sets the fare price below operating costs. Here, suppose the
government decides to implement a so-called social fare for all service providers. In that case, it should
then include a significant amount for the payment of subsidies in its expenditure policy.

d) Weighted tariff: this is calculated by weighting the costs of different types of vehicles to facilitate
estimation.

e) Punitive fare: this is when the state reduces the price of the service to encourage transport
operators to improve the service they offer.

On the other hand, one way to increase the modal share of public transport is to introduce even more
competitive pricing compared to private car use. In this sense, having a socially fair fare means that users
perceive that they are receiving favorable treatment.

Regular users behave in a way that benefits society as a whole, since public transport reduces the social,
economic, environmental, energy, and health impacts of the massive and abusive use of private vehicles.

According to data from the SETRAN State Transport Registry there are currently approximately 5179 public
transport units in the AMG, with a current fare of MXN 9,50. Additionally, in November 2023, the Constitutional
Governor of Jalisco, Enrique Alfaro Ramirez, announced a subsidy of MXN 500 000 000,00, equivalent to
approximately 41 cents per passenger.

Stage 4: Development of the econometric and economic evaluation model
Application of the model to the cost structure

To formulate the econometric model in Stata 18 and apply it to the cost structure, the following items were
operationalized and updated for 2019: average operating costs per vehicle, direct costs per hour per vehicle,
indirect costs per hour per vehicle, operating expenses, and discount ticket costs.

To develop and apply this model, all costs were standardized in terms of average operating cost per kilometer
traveled (Cmokm) for vehicle type I, which was determined by the following equation:

Cmokm, = f5; + foCdkm, + BeCikm, + fcGokm, + foBdkm, + u,

Where:

Cmokm,: average operating cost per kilometer traveled by the vehicle i
Cdkm,: direct cost per kilometer traveled by the vehicle i

Cikm,: indirect cost per kilometer traveled by the vehicle i

Gokm,: operating expense per kilometer traveled by the vehicle i
Bdkm,: discount ticket per kilometer traveled by the vehicle i

u,: vehicle disturbance variable or error i

B: estimation coefficients i

- reg Cmokm Cdkm

Source 55 daf M5 Humber of cha = 84

E({1, E2) = 12.%92

Model 32.9052058 1 32.9052058 Pxgh > F = 0.0006

Residual 208.888065 82  2.54741543  R-aguarsd = 0.1361

A4l R-squarsd = 0.1256

Total 241.79%3271 83 2.91317154 Bont, MSE = 1.5961
Cmokam Coef. atd. Erm. T Prltl [95% Conf. Interval]
Cdkm .4474%66 .1245109 3.59 0.001 .1958048 .6951884
_cons 18.47278 1.047483 17.64 0. 000 16.38%9 20.55656

Source: PGT, 2019
Figure 18. Model estimation. Average costs vs. direct costs

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

25 Estrada Meza RU

Using the Ordinary Least Squares (OLS) method, the aforementioned model was applied with operating data

from the General Transportation Program trunk lines, as can be seen in figures 18 to 21.

reg Cmokm Cikm

Soures. a5 gf LR Yurbgr of cbs = 84
EL1, 82) = 0.61

Modal, 1_78756601 1 1.78756601 Brop > F = 0.4368
Besiduzl 240005705 g2 2.92689884 B-sguared = 0.0074
843 PR-sguarad = -0.0047

Total 241 733271 83 2.5131715%4 Bopk MSE = 1.7108
Cmokm Coaf. &kd- Err. t Pxlt] [55% Conf. Intervall
Cidan, .133788&5 . 2479684 0.78 0.437 -.2955017 .G6BT70747
_oons, 21 46136 . 9445942 22.72 0.000 19.58206 23.34066

Source: PGT, 2019
Figure 19. Model estimation. Average costs vs. indirect costs
reg Cogkm Cokm

Sgures. EE =4 ME Yupker of cbs = 84

EL1, 82) 47278

Modal, 206 055006 1 206.055006  Broh, > F = 0.0000
Residual 35.7382651 82 .435832502  R-zguared = 0.8522
L4j. R-gguarad = 0.8504

Total 241.793271 23 2.91317154 Boor, MSE = - 66018

Crokm, Coaf. Spd- Erxk. t P>lt| [55% Conf. Intervall

Gokm, 1.534779 0705853 2174 0.000 1.394362 1.675195

_coms, 8.093526 6520684 12.41 0.000 6.796354 9.390698

Source: PGT, 2019
Figure 20. Model estimate. Average costs vs. operating expenses
reg. Cmokm Bdkm

SRBEGE. 53 4f M5 Humber of aks = 84
E(1, 82) = 24.37
Model 55.3901387 1 55.3901387 PBroR > F = 0.0000
Residual 166.403132 82 2.273208%3 R-gauarsd = 0.2291
&di R-zguazsd = 0.2197
Total 241.793271 83 2.91317194 BEoorn, MSE = 1.5077
Cmokm Cref.- Srxd- Errn. T B>t [25% Conf. Interwval]
Edkm 2.235277 .4528296 4.94 0.000 1.334455 3.1361
_gons, 20.00957 .4704222 42 .54 0.000 19.07375 20.94539

Source: PGT, 2019

Figure 21. Model estimate. Average costs vs. discount ticket
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Tarifa técnica para vehiculos GNC
Tipo de . . . .
costo Insumo Pesos/Km Tipo de costo Coeficiente | Coeficiente por insumo
Gas Matural Comprimido 5.20 24%
CREm. Aceite 0.21 6.08 28% 1%
Llantas 0.68 3%
Arrendamiento financiero 047 2%
GlKm, Seguro 0.70 558 26% 3%
Mantenimiento 4.4 20%
Costo de personal 587 2%
Costo prestaciones 117 5%
GOKm, 9.22 42%
Gastos administrativos 1.04 5%
Gastos de infraestructura 1.14 5%
BdKm Boletos con descuento 0.84 0.84 4% 4%
Tarifa técnica P 2173 100% 100%

Source: PGT, 2019
Figure 22. Calculation of AMG public transport operating costs for the technical fare for CNG buses. 2019

Tarifa técnica para vehiculos de diésel
Tipo de Insumao Pesos/Km Tipo de costo Coeficiente Cue_ﬁr_:iente por
costo insumo
Diesel 8.30 36%
CdKm, Aceite 021 913 39% 1%
Llantas 068 3%
Arrendamiento financiero 031 1%
GiKm Seguro 0.70 441 19% 3%
Mantenimiento 340 15%
Costo de personal 544 23%
Costo prestaciones 1.09 5%
GoKm, 8.79 38%
Gastos administratives 0.96 4%
(Gastos de infraestructura 1.30 6%
BdKm. Boletos con descuento 0.96 0.96 4% 4%
Tarifa técnica $ 2334 100% 100%

Source: PGT, 2019
Figure 23. Calculation of AMG public transport operating costs for the technical fare for diesel buses. 2019

The costs shown in figures 24, 25, and 26 consider the entire public transport fleet operating in the AMG,
where the technical fare is the price that should be applied to all transport companies and for the provision
of services. However, the fare is measured in monetary units per unit of transport provided, in this case: $/
passenger; that is, $9,50 (about half a US dollar).
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Tarifa técnica para unidades articuladas BRT (Macrobus)
Tipo de costo Insurmo Pesos/Km Tipo de costo Coeficiente Coef. por insumo
DUBA 17.81 A%
CdKm, Aceite 0.35 19.06 44% 1%
Llantas 0.90 2%
Ammendamiento financiero 122 3%
Cikm Seguro 2M 12.04 28% 5%
Mantenimiento 8.61 20%
Costo de personal 53 12%
Costo prestaciones 1.06 2%
GoKm, 10.02 23%
Gastos administrativos 0.94 2%
Gastos de infraestructura 271 6%
BdKm Boletos con descuento 2 2 5% 5%
Tarifa técnica 5 4312 100% 100%

Source: PGT, 2019
Figure 24. Calculation of AMG public transport operating costs for the technical fare for articulated BRT units. 2019

In this case, AMG transport operators have a profit margin of approximately 15 %, which indicates that the

technical fare and passenger levels cover operating costs.
For the social tariff, Mexican families allocate a significant portion of their income (13,4 %) to transportation
services, which ranks third among the categories with the highest weight (figure 25).

Categoria/Consumidor Ponderacion en el INPC
Alimentos, bebidas vy tabaco 22.70%
Ropa, calzado y accesorios 5.60%
Vivienda 26.40%
Muebles, aparatos y accesorios domésticos 4.90%
Salud y cuidado personal 8.60%
Transporte 13.40%
Educacién y esparcimiento 11.50%
Otros servicios 6.90%
Total 100.00%
Source: INPC, 2019, INEGI
Figure 25. Percentage distribution of income for consumption
% de Usuarios E‘;sr?g Gasto Ingreso % gasto
usuarios . promedio | promedio por | mensual/ | Relacion | Tarifa
Grupo sin total;_-r; del pmren:dlo mensual en rango ingreso INPC social
automovil transporte transporte econdmico mensual
Sin ingresos 19.9 316,902 | 21.43 535.75
De0a2ysm 404 643,359 2260 565.00 34167 42| 13.6% 0.99 $6.92
2abysm 357 568,513 2398 59950 $6,826.19| B8.8% 1.53 $10.68
IMas de 5 ysm 40 63,699 27.42 685.50 $15,826.71 4.3% 3.09 $21.66
Totales 100 1,592,473

Source: INEGI® 2015 Intercensal Survey and the 2016 AMG User Satisfaction Survey
Figure 26. Economic analysis of social fares by economic bracket
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According to the 2015 INEGI Intercensal Survey, 13,6 % of the AMG population that uses public transportation
earns between 0 and 5 times the minimum wage (vsm); 8,8 % earn between 2 and 5 vsm, and 4,3 % earn 5
vsm or more per zone. Based on these data and those from the 2016 User Satisfaction Survey for the AMG, the
following social fare prices by economic range are obtained (figure 26).

The data in the table above show that the population belonging to the no-income group represents 19,9 %
of the AMG population and does not own a car, i.e., about 875 000 people, of whom only 316 902 are public
transport users. On average, they spend $21,43/day or $535,72/month. Based on the above, it can be inferred
that people belonging to this group receive support from a family member, such as the head of the household,
and can be placed in any segment of the AMG population.

For the group of users who earn between 0 and 2 times the minimum wage, they spend $565,00 per month
on average for transportation services, which is 13,6 % of their income and represents 40,4 % of people who do
not own a car (around 643 359 public transportation users). This group is eligible to pay a social fare of $6,92.
On the other hand, the group that earns between 2 and 5 times the minimum wage can pay a social fare of
around $10,68, and those in the group that earn more than 5 times the minimum wage can afford a social fare
of $21,66.

In this context, someone earning the minimum wage ($123,22/day) receives $3696. If that person makes
four trips a day (Monday through Saturday) on transportation that costs $9,50, then they spend $912 per month.
Furthermore, if this person belongs to a family of four who also make these trips, the household would spend
$3648. If the fare rises to 10 pesos, that person would spend $960/month. From this, a family of four would
spend $3840. This situation becomes unaffordable when considering that 64 % of the population in the state
earns less than three minimum wages.

According to INEGI"?, 8,6 % of the population of Jalisco earns less than one minimum wage; about 25 % earn
between one and two minimum wages; 30 % earn between two and three; 17,5 % earn between three and five;
6,7 % earn more than five; those with no income account for 4,1 %; and those not specified account for 8 %. In
total, those who earn less than three minimum wages represent 64 % of the employed population.

Economic evaluation of public transportation

This section describes the transport supply, demand, and the evaluation method that takes into account
the value of the income generated by the production of transport services over time, including the Internal
Rate of Return (IRR), Net Present Value (NPV), and the Internal Rate of Return (IRR). This stage is critical, as
it ultimately allows for the implementation of trunk routes to be decided; therefore, the investment decision
almost always falls on the economic evaluation.

Additionally, given that the initial investment may come from various sources, including individuals or
legal entities, it will incur an associated cost. Therefore, a Minimum Acceptable Rate of Return (MARR) will be
established to determine the minimum rate of return on the investment.

Furthermore, this assessment was conducted with a 10-year assessment horizon, and the daily income
generated in Section “IV.1.1.2.4.3 Income from T05. Lopez Mateos” was annualized to calculate the Net Cash
Flows (NCF). This annual operating income will be expressed with the variable Yn.

Minimum acceptable rate of return (MARR)
It should be noted that for the evaluation of trunk routes, since they do not involve public investment, the
discount rate of the Ministry of Finance and Public Credit (SHCP) was not used, and the MAR was chosen instead.
The following algebraic expression was used to calculate the minimum acceptable rate of return:

TMAR =ri+ f

Where:

TMAR: minimum Acceptable Rate of Return
ri: risk rate

f: inflation rate

In this regard, to define the value of the risk rate, the criteria of the “Industry Risk Methodology” carried

out by Standard & Poors in 2018 was used as a reference. The risk classification for this economic evaluation
model is as follows:
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Determinacién de la evaluacién global del riesgo de la industria
del transporte

Riesgo bajo DE 1 A 2%

Escala Riesgo medio DE 2 A 4%

deriesgo Riesgo alto DE 4 A 6%

Riesgo muy alto MAS DE 6%

Source: Standard et al."%
Figure 27. Risk classification scale for the transportation industry

For the purposes of evaluating trunk routes and conditions for the transportation industry as indicated in
the aforementioned methodology, a high risk rate of 6,20 % was applied. For the data corresponding to the
estimated annual inflation rate (f ) for 2019, the Bank of Mexico (BANXICO) was consulted, projecting a rate

of 3,8 %.

Therefore, the MAR used for the evaluation of trunk routes is as follows:

Tasa de Tasa de
Parametro riesgo inflacién TMAR
(ri) ()
Valor 6.20% 3.8% 10%

Source: BANXICO® and Standard et al.("'%
Figure 28. Minimum Acceptable Rate of Return for the evaluation of the PGT

Net present value (NPV)

The monetary figures obtained from the calculation of the income from the production of the trunk route
service under study must now be transformed into an economic profitability index. The figures used to calculate
these profitability indices are the initial investment, net cash flows, and the bus lease data provided by the
financial company “Mercader Financial” of the DINA group.

The Net Present Value (VPN ) indicates the change in the value of the money invested in the trunk routes
over time, i.e., how profits (if any) are obtained over the years. To begin the calculation, the Net Cash Flows
(FNE )10 were first quantified over a 10-year time horizon, as mentioned above. It should be noted that the
higher the net cash flows, the better the economic profitability. Figure 29 shows the annual operating cost data
expressed in the letters (COpN ) for trunk route 05, Lopez Mateos.

Next, to calculate the annual income (Yn ) from the provision of the service on the Troncal 05. Lopez Mateos
route, the daily income levels were multiplied by the number of days in the year, as shown in figure 30.

Escenario
Diésel Escenario GNC
CONCEPTO COpN ($ COpN (% anuales)
anuales)
Costo por arrendamiento financiero 21,008,365.61 28,675,424.89
Seguros 8,003,186.90 10,923,971.39
Mantenimiento 26,677,289.66 36,413,237.96
Combustible 159,331,859.99 108,770,531.94
Aceite 1,238,336.79 1,238,336.79
Llantas 9,466,305.88 9,466,305.88
Costo de personal 1,839,670.49 2,550,876.44
Costo de prestaciones 551,901.15 765,262.93
Gastos administrativos 15,345,623.83 15,345,623.83
Gastos de infraestructura 707,365.79 707,365.79
Costo por boletos de descuento 549,858.06 549,858.06

COSTO TOTAL

244,719,764.13

215,406,795.89

Source: PGT, 2019
Figure 29. Annual operating costs (COpN) for Troncal 05. Lopez Mateos
Note: Diesel scenario: Consists of two trunk lines (97 vehicles) and six feeders (43 vehicles) with a total fleet (FI ) of 140
diesel-powered units. CNG scenario: Consists of two trunk lines (97 CNG vehicles) and six feeders (43 diesel vehicles) with
a total fleet (FI ) of 140 units.

https://doi.org/10.56294/tms202359

ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 30

Y{Pax  t) Y(Ptr = t1) ¥ ¥n
Troncal Pax | Ptr t=$9.50 1=8450 | ($dia) ($ afio)

TROMNCAL 05. Lépez Mateos
Norte (258) 33,301 M6| § 316360 | 5 1557 | § 317917 | $116.039.523
gﬁﬂ?&? 05.02L6pezMateos | 5¢ 5 302| § 237500 | 5 1359 | § 238859 | $87.183.535
A 0501 373 W 5 354 5 80 § 3724 51359078
A 0500 7277 B 5§ 1232 | 5 94 5 a5 | 54498625
A 0503 7604 | § 24738 § 1175 5 %9458 063
A 0504 3896 0 5 27512 | 3 % o750 | 510041880
A 05-05 710 05 6745 3 5 6745 | 5246195
A 05-06 7760 @ § 73720 | § 44| S 74134 | 527058910

TOTAL | § 707128 | $258.101.538

Next, once the annual operating costs (COpN ) for both diesel and CNG-powered vehicles were obtained, as

Source: PGT, 2019
Figure 30. Annual revenue from Trunk Line 05. Lopez Mateos generated by service production
Note: Amounts in Smxn/year.

well as the annual revenue generated from service production, the net present values (FNE ) were calculated
for a 10-year horizon. These flows are represented by the following algebraic expression:

FNE =Yn — COpN

Where:
FNE: net Cash Flows

Yn: annual revenue generated by service production
COpN: annual Operating Costs

It should be noted that income levels from year 2 onwards, given that the data provided by the TransCAD

model are from 2014, will remain constant 11 until year 10, as shown in figure 31.

Costos de .
) operacion Ingresos FIu;os_ Netos de
ARo anuales (¥Yn) Efectivo (FNE)
anuales (COpN) $ $
$

0* -244,719,764 - -
1 245,731,284 258,101,538 12,370,253
2 245,731,284 258,101,538 12,370,253
3 266,739,650 258,101,538 -8,638,112
4 267,751,170 258,101,538 -9,649,632
5 285,758,340 258,101,538 -27,656,803
6 264,805,472 258,101,538 -6,503,934
7 264,605,472 258,101,538 -6,503,934
8 264,805,472 258,101,538 -6,503,934
9 242,585,586 258,101,538 15,515,951
10 242,585,586 258,101,538 15,515,951

Source: PGT, 2019
Figure 31. Net Cash Flows for Trunk Line 05. Lopez Mateos, diesel
Note: *Period “0” corresponds to the initial investment required to start up the trunk line project with the entire fleet of
diesel vehicles.

The figure above shows that the Trunk Line 05 project with diesel vehicles, from period 3 to 8, shows
negative cash flows. Next, the cash flows for the same trunk route are shown for CNG vehicles on the trunk lines
and diesel vehicles on the feeders.
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Costos de .
) operacion Ingresos FIulos‘._. Netos de
Ao anuales (COpN) anuales (Yn) Efectivo (FNE)
$

0* -215,406,796

1 216,787,473 258,101,538 41,314,065
2 216,787,473 258,101,538 41,314,065
3 245,462,898 258,101,538 12,638,640
4 246,843,575 258,101,538 11,257,963
5 271,422,510 258,101,538 -13,320,973
6 242,549,846 258,101,538 15,551,692
7 242,549,846 258,101,538 15,551,692
8 242,549,846 258,101,538 15,551,692
9 212,493,744 258,101,538 45,607,794
10 212,493,744 258,101,538 45,607,794

Source: PGT, 2019
Figure 32. Net Cash Flows for Trunk Line 05. Lopez Mateos, CNG and diesel for feeders
Note: *Period “0” corresponds to the initial investment required to start up the trunk line project with CNG and diesel
vehicles for feeders.

Trunk Line 05. Lopez Mateos has negative net cash flows in period 5 when it uses CNG technology on its trunk
lines and diesel on its feeder lines, as shown in figure 32.
The following algebraic expression was used to calculate the NPV:

5

VPN — Yns — COpNs
- :3'{1 + LMAR)"

Where:

Yn: total revenue in year t

COpN: total operating costs in year t

n: number of years in the evaluation horizon

TMAR: minimum Acceptable Rate of Return

t: calendar year, where year 0 will be the start of expenditures

Therefore, Trunk Route 05. Lopez Mateos has the following net present value (VPN):

Indicador Valor Unidad
VPN Troncales y Alimentadoras diésel -$250,984,830 $ mxn,
VPN Troncales GNC y Alimentadoras diésel -$73,851,123 $ mxn,

Source: PGT, 2019
Figure 33. Net Present Value of Trunk Route 05. Lopez Mateos
Note: NPV evaluation criteria: If the net present value (NPV) is > 0, the investment is accepted; if the net present value
(VPN ) is < 0, the investment is rejected

Based on the sum of the net cash flows and discounting the minimum acceptable rate of return, the net
present value for Trunk Route 05. Lopez Mateos (when its fleet includes diesel vehicles) has a net present
value (VPN ) of -$250 984 830 MXN. VPNIn the case where the trunk lines use CNG and the feeders use diesel,
the net present value is -$73 851 123 MXN. With the above values of the net present value (VPN ), it is not
recommended to accept the investment.

Internal rate of return (IRR)

The internal rate of return (IRR) is the discount rate at which the NPV equals zero, i.e., it is the rate that
equals the discounted cash flows to the initial investment. The IRR was calculated using the following algebraic
expression:

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 32

5
VPN — 2 Yn#—CO,t_JN#_n
Where:

Yn: total income in year t

COpN: total operating costs in year t

n: number of years in the evaluation horizon

TIR: internal rate of return

t: calendar year, where year 0 is the start of expenditures

It is important to note that IRR should not be used alone to compare alternatives for a transportation
investment project. The IRR for Trunk Route 05 is shown below:

Indicador Valor Unidad
TIR Troncales y Alimentadoras diésel -26 Porcentaje
TIR Troncales GNC y Alimentadoras diésel 1 Porcentaje

Source: PGT, 2019
Figure 34. Internal Rate of Return for Trunk Route 05. Lopez Mateos
Note: IRR evaluation criteria: If the IRR is greater than or equal to the discount rate, the investment is accepted.
However, the IRR should not be calculated alone.

Based on the results of the IRR (TIR) above, it is concluded that for Trunk Route 05. Lopez Mateos, both for
the diesel vehicle fleet and for the fleet that uses CNG in its trunk routes and diesel feeders, with IRR values of
-26 % and 1 %, respectively, it is not recommended to accept the investment.

Immediate recovery rate (TRI)

The Immediate Recovery Rate (TRI) is another profitability indicator that was used in the economic
evaluation of Trunk Road 05 and made it possible to determine the optimal moment for the investment project
to begin operations. Although the results of both the Net Present Value (VPN) and the Payback Period (TIR)
may be favorable, this indicator must be taken into account. This calculation was performed using the following
algebraic expression:

Ynsee — COpNza9
Is

TRI =

Where:

Yn: total revenue in year t

COpN: total operating costs in year t

I: total amount of the initial investment evaluated in year t
t: year prior to the first year of operation

t + 1: first year of operation of the trunk route

Tasa
Recuperacion
Inmediata
(TRI)

5.1%
5.1%
-3.5%
-3.9%
-11.3%
-2.7%
-2.7%
-2.7%
6.3%
10 6.3%

Monto total de
la inversion
inicial (I)

b g
=t
[=]

244,719,764
(Afio 0)

O 00| ~| O | B W R =

Source: PGT, 2019
Figure 35. Immediate Recovery Rate for Trunk Route 05. Lopez Mateos with diesel vehicle fleet
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The optimal moment for a transportation project to begin operations and see increasing benefits over time
should be the first year in which the operating margin (TRI) is equal to or greater than the operating ratio
(TMAR), i.e., equal to or greater than 10 %. However, for Trunk Route 05, in the scenario where the fleet
consists of diesel vehicles, a favorable TRI is not achieved, as shown in the figure 35.

RESULTS

Trunk Route 05. Lopez Mateos, consisting of two trunk routes and six feeder routes, with a full fare of $9,50
and a transfer discount fare of $4,50, generates an estimated daily revenue of MXN 707 128. This value serves
as a key reference for calculating daily revenue on subsequent trunk routes, highlighting the relevance and
economic potential that this corridor represents within the public transportation system in the Guadalajara
metropolitan area, Mexico. The need to replicate this algebraic formula to calculate revenue on subsequent
trunk lines underscores the importance of thoroughly understanding and evaluating the financial performance
of each corridor to achieve an accurate and equitable characterization of technical fares in the context of
public transportation in this region.

Transport operators in the Guadalajara Metropolitan Area (AMG) maintain an approximate profit margin of
15 %. This figure suggests that, with the established technical fare and passenger levels, they can effectively
cover the operating costs associated with providing public transport services.

On the other hand, in terms of the social fare, it can be seen that Mexican families allocate a significant
portion of their income, around 13,4 %, to the consumption of transportation services. This proportion falls
within the third-highest category in terms of consumption, highlighting the importance of transportation
spending within the family budget and its impact on the domestic economy.

The population without income and a car in the Guadalajara Metropolitan Area (AMG) constitutes
approximately 19,9 %, equivalent to about 875 000 people. Of this group, only 316 902 individuals are public
transportation users, spending an average of $21,43 per day or $535,72 per month. It is inferred that these
people receive financial support from a family member and can be found in various segments of the AMG
population.

Users who earn between 0 and 2 times the minimum wage, representing 40,4 % of people without a car
(approximately 643 359 users), spend an average of $565,00 per month on public transportation, which accounts
for 13,6 % of their income. For this group, a social fare of $6,92 is estimated. Those who earn between 2 and
5 times the minimum wage could pay a social fare of around $10,68, and those with incomes above 5 times
the minimum wage could bear a social fare of $21,66, $10,68, and those with incomes more than 5 times the
minimum wage could afford a social fare of $21,66.

Considering that an individual earning the minimum wage ($123,22/day) and making four trips per day
(Monday through Saturday) at a fare of $9,50 spends $912 per month. If that person belongs to a family of four
who also make these trips, the household would spend $3648 per month. If the fare increased to $10, these
expenses would rise to $960 and $3840, respectively. This situation is unsustainable, given that 64 % of the
population in the state earns less than three minimum wages, according to INEGI data.

These findings reveal the complexities of transportation spending for different socioeconomic strata in the
AMG, highlighting the need for more equitable social fare policies that are sensitive to the economic reality of
the population. They also highlight the magnitude of the population affected by these financial implications in
the context of public transportation in Guadalajara, Jalisco.

The resulting Net Present Value (NPV) for Trunk Line 05. Lopez Mateos, considering diesel vehicles, yields
an NPV of -MXN 250 984 830. In the scenario where the trunk lines use Compressed Natural Gas (CNG) and the
feeders use diesel, the NPV is -MXN 73 851 123. Both NPV values indicate that the investment should not be
accepted. After discounting the minimum acceptable rate of return and considering the net cash flows, it is
clear that these projects do not generate sufficient economic returns to justify the investment. These findings
underscore the importance of rigorously evaluating the financial and economic implications when considering
the implementation of technologies and fleet models in public transportation in the Guadalajara metropolitan
area, Mexico, providing key information for strategic decision-making in this area.

The Internal Rate of Return (IRR) results for the Troncal 05. The Lopez Mateos route, both with the diesel
vehicle fleet (-26 %) and with the combination of trunk lines using Compressed Natural Gas (CNG) and diesel
feeders (1 %), confirms that it is not recommended to invest in either scenario. These IRR values suggest that,
in both vehicle fleet configurations, the investment projects do not generate sufficient economic returns to
justify their viability. This information is essential for understanding the profitability of fleet options for public
transport on Trunk Line 05. Lopez Mateos in Guadalajara, Mexico, emphasizes the need to strategically reassess
investments based on the economic and financial viability of public transport projects in this metropolitan area.

In summary, a considerable gap is identified between the social fare and the technical fare proposed for
public transport on Troncal 05. While the technical fare is based on operating costs and service sustainability,
the social fare, designed to be accessible to low-income segments, reveals a considerable disparity in its
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application. This discrepancy suggests a potential limitation in equitable access to transportation for vulnerable
populations, which may lead to disparities in urban mobility.

The difference between the technical fare and the social fare has a significant impact on lower-income
households. Those who spend a significant proportion of their income on technical fare often experience financial
difficulties when using public transport, which can impact their quality of life and access to opportunities. This
situation underscores the need to review and adjust fare policies to alleviate the economic burden on the most
vulnerable socioeconomic groups, ensuring a balance between service sustainability and accessibility for all
sectors of society.

Regarding the technical fare for Troncal 05. Lopez Mateos, the following conclusions and results can be
drawn:

1. In the corridor of the Troncal 05. The Loépez Mateos route has a population of 738 836 inhabitants
and an estimated 430 744 jobs, with the highest concentration in the center of the municipality of
Guadalajara.

2. The demand for public transportation in 2019 was 4,4 million trips per day.

3. The Troncal 05 Lopez Mateos corridor, consisting of two trunk routes and six feeder routes,
generates MXN 707 128 per day.

4. Different types of fares are analyzed: technical fare, zero-profit fare, social fare, weighted fare,
and penalty fare.

5. Currently, the fare in force in the AMG is MXN 9,50, and a subsidy of MXN 500 000 000,00 has been
announced, equivalent to a subsidy of 41 cents per passenger.

6. The low-income population, which represents 19,9 % of the AMG population, spends an average of
$21,43/day or $535,72 per month on public transportation.

7. Sixty-four percent of the state’s population earns less than three times the minimum wage, making
public transportation a significant burden for these families.

8. The net present value (NPV) of Trunk Road 05. Lopez Mateos’ investment with diesel vehicles is
-MXN 250 984 830, while with CNG on trunk roads and diesel on feeder roads, it is -MXN 73 851 123,
suggesting that investment in both cases is not recommended.

9. The internal rate of return (IRR) for the Troncal 05. Lopez Mateos’ route is -26 % with diesel
vehicles and 1 % with CNG on trunk lines and diesel on feeder lines, which also indicates that the
investment should not be accepted.

10.  The first year in which the IRR is equal to or greater than the MARR (10 %) is the optimal time
for a transportation project to begin operation, but this is not achieved in the case of the Troncal 05
route with diesel vehicles.

Thus, the analysis presented on the technical fare and economic evaluation shows that public transport
demand is high in the Guadalajara metropolitan area and that public transport expenditure is a burden on low-
income families. Different types of fares are discussed, along with investments in Troncal 05. Lopez Mateos’
route is evaluated, but the results indicate that the investment should not be accepted in the scenarios
analyzed.

Finally, the above results can be related to the objectives of this study as follows:

1. Characterize the technical, fair, and sustainable fare for public transportation known as the “Mi
Transporte” Integrated Transportation Model, under the route-company scheme in the Guadalajara
metropolitan area, specifically Troncal 05. Lopez Mateos. The results show the cost structure of public
transport in the AMG, including direct and indirect costs, operating expenses, and the cost generated by
discount tickets. It also analyzes how the social fare could be determined considering different income
groups and their ability to pay. These results help to understand and characterize the technical, fair, and
sustainable fare for the public transport system in Guadalajara.

2. Assess the behavior of the main operating costs of the AMG’s “Mi Transporte” Integrated
Transportation Model. Case study: Troncal 05. Lopez Mateos. The total revenue generated by the
production of the Troncal 05 route service is analyzed, along with the operating costs associated with
the use of diesel and CNG vehicles. This information enables the measurement of the system’s main
operating costs and understanding how these costs impact its technical and sustainable performance.

3. Explain the fare scheme of the AMG’s “Mi Transporte” Integrated Transport Model. Different
types of fares are described, including technical fare, zero-profit fare, social fare, weighted fare, and
penalty fare. Additionally, the report examines Jalisco’s use of direct and indirect subsidies for public
transportation. These results provide a clear explanation of the current fare scheme and suggest ways to
improve it, ensuring a fair and sustainable fare.

4. Develop an econometric and economic evaluation model to calculate the technical, fair, and
sustainable fare using demand elasticities and transportation service indicators from the AMG’s “Mi

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

35 Estrada Meza RU

Transporte” integrated transportation model for 2019. Case Study 05. Lopez Mateos. The results of
the demand, cost, and revenue analysis made it possible to develop an econometric model (algebraic
expression 4,19, page 130) and an economic evaluation model that takes into account demand elasticities
and transport service indicators. Additionally, relevant information for constructing this model is provided,
including existing demand and the costs associated with different vehicle and technology options.

The results obtained therefore provide a solid basis for addressing the objectives set out in terms of
characterizing a technical, fair, and sustainable fare, the behavior of operating costs, the fare scheme, and
the development of an econometric and economic evaluation model for the “Mi Transporte” public transport
system in the AMG, specifically Trunk Line 05. Lépez Mateos.

CONCLUSIONS

The study of the public transport system in the Corridor of Troncal 05. Lopez Mateos, as well as the evaluation
of its efficiency and quality of service, is fundamental for the design and implementation of public policies and
intervention strategies that contribute to improving urban mobility and the quality of life of the inhabitants of
the AMG. Through the adoption of a comprehensive and participatory approach, it is possible to move towards
consolidating a more accessible, efficient, and sustainable public transport system that responds to the needs
and expectations of citizens and promotes human and sustainable development in the region.

This thesis demonstrates that technical, social, and sustainable aspects of public transportation fares are a
topic of interest to governments, transportation operators, researchers, experts, and users.

It also concludes that in the state of Jalisco, Mexico, the Mobility and Transportation Law regulates the
principles under which public transportation services must be provided and establishes standards and indicators
to evaluate service quality. The Declaration of Need for 18 trunk mobility routes and 86 complementary routes
for the General Transportation Program for the Integrated Public Transportation System in the Guadalajara
Metropolitan Area, Jalisco, is issued based on these principles and standards.

Currently, Mexico has the General Law on Mobility and Road Safety, and the State of Jalisco is expected to
harmonize and publish its New Law on Mobility and Road Safety in 2023.

In Guadalajara, Origin-Destination Studies (ODS) have been conducted at various times by different
government and private entities, although not as consistently as desired. However, urban mobility projects in
the Guadalajara Metropolitan Area (AMG) have been ongoing and justified by data collected in previous studies.
Among the most notable projects are:

For this reason, over the years, the issue of technical, social, and sustainable public transport fares has
been of great importance both globally and locally. Studies conducted in various regions have underscored the
necessity for an integrated fare policy that considers demand and the financial viability of public transportation.
In the specific case of the state of Jalisco and the city of Guadalajara, laws, regulations, and projects have
been implemented to enhance the quality, efficiency, and accessibility of the public transportation system.

As Guadalajara continues to grow and face urban mobility challenges, it is essential to maintain a focus on
updating and implementing appropriate and sustainable fare policies. In addition, it is necessary to continue
implementing and updating Origin-Destination studies to maintain the effectiveness of mobility projects and
ensure that public transport remains accessible and efficient for all citizens. In the long term, these efforts
can contribute to enhancing the quality of life for Guadalajara’s residents and promoting the city’s sustainable
development.

As a conclusion to the analysis of demand elasticities in Chapter Il, point 3, we can conclude that:

1. The elasticity of demand for public transport can be elastic or inelastic, depending on how the
quantity demanded responds to changes in the fare. Demand is elastic when the quantity demanded is
susceptible to changes in the fare, and inelastic when the quantity demanded varies little with the fare.

2. Anincrease in the fare may lead to a decrease in the quantity demanded and, therefore, a decrease
in the total revenue of the transport operator. On the other hand, a decrease in the fare may increase
the quantity demanded and, consequently, total revenue.

3. The demand for public transportation can be influenced by factors such as the proportion of
transportation expenditure in users’ budgets, the availability of substitute goods, the quality and comfort
of the service, and the rate of motorization.

4. Demand for services that represent a significant portion of users’ budgets tends to be elastic. In
contrast, demand for services that constitute a small portion of the budget tends to be inelastic.

5. Services with many substitute goods tend to have elastic demand, while services with few substitute
goods tend to have inelastic demand.

6. Long-term demand is usually more elastic than short-term demand, as users have more time to
adapt to changes in the fare.
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In this sense, the thesis describes how public transport demand in the AMG is affected by fare changes and
how various factors can influence demand elasticity. Understanding these dynamics can help inform fare and
policy decisions in the public transport sector.

As conclusions from the theoretical application to the case of the Troncal 05. Lopez Mateos route, we can
conclude that:

1. The technical fare, proposed by economist William Vickrey, seeks to cover the operating and
maintenance costs of public transport without generating profits for the transport company. Its objective
is to ensure the efficient and sustainable operation of public transport.

2. The application of technical fares can contribute to greater equity in the distribution of public
transport costs and ensure sustainable financing of the service. However, concerns exist about the
viability and social acceptance of technical fares, as well as issues with implementing and calculating
the actual costs of public transport.

3. The PGT trunk routes may resort to setting fares based on marginal costs rather than average
costs, especially in market situations that are far from perfect competition. Marginal pricing can
generate conflicts between modes of transport and companies, which may prompt the intervention of
the Transport Secretariat (SETRAN) in fare regulation.

4. Urban road pricing is an effective tool in public transport policy for improving sustainability in
large cities. However, one of the main problems for its implementation is low social acceptance.

5. It can be seen that social acceptance of the pricing system proposed in Chapter Il, section 4.2, is
based on two determining factors: the social perception of congestion as a priority problem to be solved
and the adequate level of availability of the transport system as a competitive alternative to the car. The
fare has high social acceptance because citizens recognize that greater use of public transport means
less pollution from private car use. This may be similar to the case of the city of Madrid, as Munoz et
al.(% explain.

About the social fare and as a contribution of this thesis, we can conclude that:

1. Equity in public transport fares is essential to ensure fair and equitable access for all citizens,
especially those with low incomes or living in disadvantaged areas.

2. A progressive fare system based on users’ ability to pay, as proposed by Vickrey*", can help
achieve greater access and equity in public transport.

3. There are various reduced and special fares, such as work, student, child, senior citizen, and night
fares, among others, which aim to improve equity and accessibility to public transport.

4. Defining a socially fair fare for AMG transportation is an important issue for authorities such as
SETRAN, IMEPLAN, and the Municipal Mobility Directorates that regulate mobility.

5. Research by Jaramillo et al.® reveals that there is a relationship between the speed of public
transport vehicles and the fare required to maintain a balance between the system’s costs and revenues:
the higher the speed, the lower the fare to be paid by the user. Therefore, SETRAN and IMEPLAN should
conduct studies or constant monitoring of routes and companies.

6. Optimizing the operating and maintenance costs of the Troncal 05. Lopez Mateos, as well as
reducing the number of kilometers traveled by each vehicle without affecting service levels, can result
in a reduction in the fare.

7. The procedures applied in the study by Jaramillo et al.®¥ can be replicated in the AMG, contributing
to the search for a socially fair public transport fare.

The theory of sustainability, which originated in the Brundtland report, has been adopted globally and
seeks to balance economic development, social equity, and environmental protection for long-term sustainable
development.

The sustainability approach applied to public transport considers the environmental, social, and economic
aspects associated with urban mobility, promoting less polluting, socially equitable, and economically viable
transport options. The AMG has the Mibi and civlovias system, a 100 % electric route, CNG buses, a trolleybus
route (hybrid), among others.

The United Nations Sustainable Development Goals (SDGs) establish a global framework for social and
environmental action, and sustainable urban mobility is a key aspect of achieving these goals.

Sustainable urban mobility involves meeting current mobility needs without compromising the ability of
future generations to meet their own needs, taking into account economic, environmental, and social aspects.

Research and experience in the field of sustainable urban mobility highlight the importance of shifting the
focus toward a model centered on public and non-motorized transportation, as well as urban planning and
investment in adequate infrastructure.

To achieve more sustainable and efficient urban mobility, the AMG must adopt comprehensive approaches,
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encourage citizen participation, and seek solutions tailored to its specific contexts.

A detailed study of the public transport system on the Troncal 05 route, Lopez Mateos, and an assessment
of its efficiency and quality of service are essential to understanding the dynamics of urban mobility. It is
suggested that the feasibility of implementing progressive and sustainable fares, adjusted to users’ ability to
pay, be investigated. This approach would contribute to a more equitable and accessible transport system for
all socioeconomic strata.

Additionally, the implementation of public policies aimed at establishing socially fair and sustainable fares
for public transportation is crucial for improving the quality of life and urban mobility in the Guadalajara
Metropolitan Area (AMG). A comprehensive review of fares is proposed, considering subsidies, differentiated
fares, and economic evaluation models to ensure a balance between the financial sustainability of the service
and accessibility for all citizens. Furthermore, it is recommended that studies such as the Origin-Destination
Studies (EOD) be continued to support public decisions and policies on urban mobility.

BIBLIOGRAPHIC REFERENCES

1. Cascajo R. Metodologia de evaluacion de efectos economicos, sociales y ambientales de proyectos de
transporte guiado en ciudades [tesis doctoral]. Madrid: Universidad Politécnica de Madrid, Departamento de
Ingenieria Civil: Transporte; 2004.

2. Zamorano C. Financiacion de sistemas ferroviarios urbanos y metropolitanos. Ing Territ. 2006;(76):24-31.

3. Valdés C, Lopez-Lambas ME. Del BRT al BHLS: un enfoque europeo de los sistemas de transporte masivo
en autobUs. In: Actas del IX Congreso de Ingenieria del Transporte; 2010; Madrid.

4. Novales M, Orro A, Conles E, Anta J. ;AutobUs de alto nivel de servicio o metro ligero? Reflexiones sobre
los criterios de decision. In: Actas del X Congreso de Ingenieria del Transporte; 2012; Granada.

5. Ministerio de Fomento. Encuesta de Movilidad de las personas residentes en Espafa, Movilia 2006/2007.
Madrid: Ministerio de Fomento; 2008.

6. Islas V, Garcia S, Zaragoza M, Osorno J, Martinez J. Caracterizacion de la movilidad (urbana e
interurbana) y el transporte de pasajeros en México. Sanfandila: Instituto Mexicano del Transporte, Secretaria
de Comunicaciones y Transportes; 2012. (Publicacion Técnica No. 377). ISSN: 0188-7297. https://imt.mx/
archivos/Publicaciones/PublicacionTecnica/pt377.pdf

7. Alvizo C. El transporte publico en Guadalajara: alianzas, actores y mecanismos, 1925-1953. Guadalajara:
El Colegio de Jalisco; 2010. p. 72.

8. Cardenas J. El Sistema de Transporte Colectivo de Guadalajara: Movilidad publica y crisis economica.
1970-1982. Guadalajara: Universidad de Guadalajara; 2019. https://www.academia.edu/43427793

9. H. Ayuntamiento de Guadalajara. Metro-Tran: Hacia un sistema de transporte colectivo en Guadalajara.
Comision de Planeacion Urbana; 1973. p. 10.

10. Ferri M, et al. Estudio sobre Politicas Tarifarias para Usuarios Habituales del Transporte Publico.
Propuesta de nuevos titulos de transporte publico. Espaia; 2009.

11. Lujan X. Estudio sobre politicas tarifarias para usuarios habituales del transporte publico. Madrid:
Centro de Referencia en Movilidad de ISTAS; 2009. http://istas.net/descargas/Estudio%20de%20sobre%20
pol%c3%adticas¥%20tarifarias®20para%20usuarios%20habituales%20del%20transporte%20p%c3%bablico.pdf

12. INEGI. Encuesta Nacional de Ingreso Gasto de los Hogares (ENIGH) 2016. México: Instituto Nacional de
Estadistica y Geografia; 2016. https://www.inegi.org.mx/programas/enigh/nc/2016/

13. IMEPLAN. Plan de Ordenamiento Territorial Metropolitano del AMG (POTmet). Guadalajara: Instituto
Metropolitano de Planeacion; 2016. http://www.imeplan.mx

14. Guzman S, Hernandez L. Sistemas de transporte publico, los motores para el desarrollo sustentable.

Revista Expansion. 2021 Aug 9. https://expansion.mx/opinion/2021/08/09/sistemas-transporte-publico-
motores-desarrollo-sustentable

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt377.pdf
https://imt.mx/archivos/Publicaciones/PublicacionTecnica/pt377.pdf
https://www.academia.edu/43427793
http://istas.net/descargas/Estudio de sobre políticas tarifarias para usuarios habituales del transporte público.pdf
http://istas.net/descargas/Estudio de sobre políticas tarifarias para usuarios habituales del transporte público.pdf
https://www.inegi.org.mx/programas/enigh/nc/2016/
http://www.imeplan.mx
https://expansion.mx/opinion/2021/08/09/sistemas-transporte-publico-motores-desarrollo-sustentable
https://expansion.mx/opinion/2021/08/09/sistemas-transporte-publico-motores-desarrollo-sustentable
https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 38

15. AU Consultores. Estudio de Demanda Multimodal de Desplazamientos de la Zona Metropolitana de
Guadalajara. Guadalajara: Gobierno del Estado de Jalisco; 2007.

16. Jalisco Como Vamos. Moverse en GDL. Informe de resultados de la Encuesta de Percepcion Ciudadana
sobre Calidad de Vida. Guadalajara: Jalisco Como Vamos; 2019. https://jaliscocomovamos.org/

17. INEGI. Censo de Poblacion y Vivienda 2010. México: Instituto Nacional de Estadistica y Geografia; 2010.

18. De Rus G, et al. Manual de Evaluacion Econdémica de Proyectos de Transporte. Washington, D.C.: Banco
Interamericano de Desarrollo; 2006.

19. SETRAN. Programa General de Transporte. Guadalajara: Secretaria de Transporte del Estado de Jalisco;
2019. https://setrans.jalisco.gob.mx/acerca/programas/busqueda

20. Instituto de Movilidad y Transporte del Estado de Jalisco (IMTJ). Dictamen final para la aprobacion de las
tarifas técnicas del servicio de transporte de pasajeros colectivo para las Rutas-Empresa del Area Metropolitana
de Guadalajara y del Sistema Integrado de la Ciudad de Puerto Vallarta. Guadalajara: Gobierno de Jalisco;
2018. Informe IMTJ-532/2018/DND.

21. Axhausen K. Smartcard data use in public transit: A literature review. Transp Rev. 2012;32(3):263-83.
https://doi.org/10.1080/01441647.2012.656417

22. Gonzalez A. Calidad y Rentabilidad en el Transporte PUblico de Guadalajara (Economia). México:
Universidad de Guadalajara; 2014.

23. Baca G. Evaluacion de Proyectos. 6a ed. México: McGraw Hill Interamericana Editores S.A. de C.V.;
2010. ISBN: 978-607-15-0260-5.

24. Banco Mundial. Tarifas técnicas y financiamiento del transporte publico urbano en paises en desarrollo.
Washington D.C.: Banco Mundial; 2010. https://openknowledge.worldbank.org/handle/10986/2412

25. Banco de México (BANXICO). Encuestas sobre las Expectativas de los Especialistas en Economia del
Sector Privado. Noviembre 2018. http://www.banxico.org.mx/publicaciones-y-prensa/encuestas-sobre-las-
expectativas-de-los-especialis/%7B8084E026-4B5E-5D05-08D1-69F8005AC602%7D. pdf.

26. Baranda B, et al. Hacia una Estrategia Nacional Integral de Movilidad Urbana. Movilidad Urbana
Sustentable. México: Instituto de Politicas para el Transporte y el Desarrollo (ITDP); 2014. http://www.itdp.org

27. Baumol W, Baer K. Decisiones de hacer o comprar y la proteccion de activos de propiedad publica: el
caso del transporte urbano en autobUs. Diario de Negocios. 1960;33(2):219-39.

28. Betancor O, et al. Evaluacion Economica de Proyectos de Transporte. Estimacion de los costes
del productor y del usuario en la evaluacion de proyectos de transporte. Espana: Centro de Estudios y de
Experimentacion de Obras Publicas (CEDEX), Ministerio de Fomento; 2009. p. 34-64.

29. Banco Interamericano de Desarrollo (BID). Tarifas técnicas y costos de operacion del transporte publico
urbano en América Latinay el Caribe. BID; 2012. https://publications.iadb.org/publications/spanish/document/
Tarifas-t%C3%A9cnicas-y-costos-de-operaci%C3%B3n-del-transporte-p%C3%BAblico-urbano-en-Am%C3%A%rica-
Latina-y-el-Caribe.pdf

30. Banco Interamericano de Desarrollo (BID). Tarifas de transporte publico en América Latinay el Caribe: Un
analisis de politicas en 26 ciudades. BID; 2017. https://publications.iadb.org/publications/spanish/document/
Tarifas-de-transporte-publico-en-America-Latina-y-el-Caribe-un-analisis-de-politicas-en-26-ciudades. pdf

31. Bielich Salazar C. La guerra del Centavo. Una mirada actual al transporte publico en Lima Metropolitana.
Lima: CIES, IEP; 2009. (Documento de trabajo, 155. Serie Economia, 49). ISSN: 1022-0356.

32. Bondorevsky D, Estupinan N. Quién, qué y como se financia el sistema de transporte publico en la
Region Metropolitana de Buenos Aires. Caracas; 2018. http://www.scioteca.caf.com

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://jaliscocomovamos.org/
https://setrans.jalisco.gob.mx/acerca/programas/busqueda
https://doi.org/10.1080/01441647.2012.656417
https://openknowledge.worldbank.org/handle/10986/2412
http://www.banxico.org.mx/publicaciones-y-prensa/encuestas-sobre-las-expectativas-de-los-especialis/{8084E026-4B5E-5D05-08D1-69F8005AC602}.pdf
http://www.banxico.org.mx/publicaciones-y-prensa/encuestas-sobre-las-expectativas-de-los-especialis/{8084E026-4B5E-5D05-08D1-69F8005AC602}.pdf
http://www.itdp.org
https://publications.iadb.org/publications/spanish/document/Tarifas-técnicas-y-costos-de-operación-del-transporte-público-urbano-en-América-Latina-y-el-Caribe.pdf
https://publications.iadb.org/publications/spanish/document/Tarifas-técnicas-y-costos-de-operación-del-transporte-público-urbano-en-América-Latina-y-el-Caribe.pdf
https://publications.iadb.org/publications/spanish/document/Tarifas-técnicas-y-costos-de-operación-del-transporte-público-urbano-en-América-Latina-y-el-Caribe.pdf
https://publications.iadb.org/publications/spanish/document/Tarifas-de-transporte-publico-en-America-Latina-y-el-Caribe-un-analisis-de-politicas-en-26-ciudades.pdf
https://publications.iadb.org/publications/spanish/document/Tarifas-de-transporte-publico-en-America-Latina-y-el-Caribe-un-analisis-de-politicas-en-26-ciudades.pdf
http://www.scioteca.caf.com
https://doi.org/10.56294/tms202359

39 Estrada Meza RU
33. Botdn K. Economia del transporte. Edward Elgar; 1985.
34. Botdn K. Economia y politica del transporte. Brookfield; 1992.
35. Botdn K, editor. Economia del transporte: Lecturas seleccionadas. Edward Elgar; 2005.
36. Burguefo O, Pittaluga L. El enfoque neo-schumpeteriano de la tecnologia. Quantum. 1994;1(3):5-32.

37. Breitenbiicher S, Geurs K, Bertolini L. Analisis de costo-beneficio para la evaluacion del transporte en
Europa: una revision de la literatura. Transp Res Part A Policy Pract. 2020;133:1-16.

38. Camelo M. Sobre el desarrollo de la teoria de los bienes publicos locales. Finanzas y Politica Economica.
2009;1(2):jul-dic. ISSN: 2011-7663.

39. Castells M. La cuestion urbana. 4a ed. México: Siglo XXI; 1974. p. 141.
40. Castells M. La sociedad red: una vision global. Madrid: Alianza Editorial; 2006.

41. CEIT. Una vision estratégica en la Zona Metropolitana de Guadalajara. In: Diaz R, editor. Guadalajara:
CEIT/ITESO; 2002.

42. CEPAL. Politicas tarifarias del transporte pUblico urbano en América Latina: El caso de siete ciudades.
Santiago: Comision Economica para América Latina y el Caribe; 2018. https://repositorio.cepal.org/bitstream/
handle/11362/43631/4/51800736_es.pdf

43. Cervero R. The Transit Metropolis: A Global Inquiry. Washington D.C.: Island Press; 1983.

44. Cervini H. Valor social del tiempo en México. México: CEPEP; 2007.

45. Cherry CR. Areview of smart cards in transportation planning. No date.

46. COEPO. Analisis Sociodemografico para la Zona Metropolitana de Guadalajara. 2009. http://www.
coepo.jalisco.gob.mx

47. CONAPOQ. Proyecciones de la Poblacion 2010-2050. México: Consejo Nacional de Poblacion; 2017. http://
www.conapo.gob.mx/es/CONAPO/Proyecciones_Datos

48. Comision Europea. Tarifas técnicas del transporte pUblico: Analisis y perspectivas internacionales.
2017. https://ec.europa.eu/transport/sites/default/files/tariff-technical-notebook-2017_es. pdf

49. Cook WD, Seiford LM. Data envelopment analysis (DEA) - Thirty years on. Eur J Oper Res. 2009;192:1-
17.

50. Comision Reguladora de Energia (CRE). Portal de la CRE. 2019. https://www.gob.mx/cre
51. CTS México. Macrobus, movilidad sustentable en Guadalajara. Movilidad Amable. 2008;(5):84-95.

52. Dan L. An empirical analysis of household choices on housing and travel mode in Boston. Berlin: Springer-
Verlag; 2009. doi:10.1007/s00168-009-0310-y

53. Daamen W, Van Oort N. Integrating smart card data for public transport and travel behaviour research.
In: Currie G, Delbosc A, editors. Public transport planning with smart card data. CRC Press/Balkema; 2016. p.
17-38. doi:10.1201/9781315374313-3

54. Dextre JC. Ciudades en movimiento: Innovacion y sostenibilidad en el transporte urbano. Barcelona:
Editorial Gustavo Gili; 2020.

55. De Palma A. La economia del transporte urbano. Madrid: Instituto de Estudios Fiscales; 1990.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://repositorio.cepal.org/bitstream/handle/11362/43631/4/S1800736_es.pdf
https://repositorio.cepal.org/bitstream/handle/11362/43631/4/S1800736_es.pdf
http://www.coepo.jalisco.gob.mx
http://www.coepo.jalisco.gob.mx
http://www.conapo.gob.mx/es/CONAPO/Proyecciones_Datos
http://www.conapo.gob.mx/es/CONAPO/Proyecciones_Datos
https://ec.europa.eu/transport/sites/default/files/tariff-technical-notebook-2017_es.pdf
https://www.gob.mx/cre
https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 40

56. De Palma A, Ben-Akiva M. Analisis de la demanda para la planificacion del transporte. Barcelona:
Universidad Politécnica de Cataluna; 1991.

57. De PalmaA, Lindsey R, Quinet E. Fundamentos de la economia del transporte. Barcelona: Antonio Bosch
Editor; 2018.

58. De Rus G, Campos J, Nombela G. Economia del transporte. Barcelona: Antoni Bosch; 2003.
59. DINA Camiones S.A. de C.V. Ficha Técnica Linner. 2019. https://dina.com.mx/

60. Ding C, Bradley M. Economias de escala y alcance en el transporte publico: una revision de la literatura.
Transp Res Part A Policy Pract. 2000;34(7):515-45.

61. Duque Escobar G. El transporte en la vida cotidiana. Introducciéon a la Economia del Transporte.
Colombia: Universidad Nacional de Colombia sede Manizales; 2007.

62. Duque Escobar G. Leyes economicas del transporte. Introduccién a la Economia del Transporte.
Colombia: Universidad Nacional de Colombia sede Manizales; 2007.

63. Eliasson J. The Value of Time in Public Transport: Time, Money, and the Importance of Travel Time
Variability. Transp Res Part A Policy Pract. 2016;91:65-76.

64. Elster J. Justicia Local. Barcelona: Editorial Gedisa; 1994.

65. Estrada R, et al. Analisis de ingresos y costos del transporte publico por autobls en Guadalajara,
2012. Guadalajara: Universidad de Guadalajara, Coordinacion de Investigacion, DER-INESER; 2012. ISBN: en
tramite. https://www.cucea.udg.mx/include/publicaciones/coorinv/pdf/Analisis_de_ingresos_gastos_del_
transporte_31_agosto_2012.pdf

66. Falavigna C. Metodologia para cuantificar accesibilidad y conveniencia de un sistema de transporte
publico masivo de pasajeros: aplicacion al caso de la ciudad de Cérdoba. Cérdoba: Universidad Nacional de
Cordoba; 2009.

67. Fielding GJ, Babitsky TL, Brenner ME. Performance Evaluation for Fixed-Routed Transit: the Key to
Quick, Efficient and Inexpensive Analysis. Irvine: Institute of Transportation Studies, University of California;
1983.

68. Gas Natural El Salto S.A. de C.V. Planta Distribuidora de Gas Natural “El Salto”. México; 2019. https://
gas-natura-el-salto.negocio.site/

69. Gehl J. Cities for People. Washington D.C.: Island Press; 2010.

70. Gihring T, Hirsch G. Revision de estudios recientes sobre funciones de costos de transito. Transp Res
Rec. 1980;775:1-6.

71. Gonzales E. The Social Value of Time in Public Transit Systems. Transp Res Part A Policy Pract.
2014;69:267-78.

72. Hensher D. Estructuras de costos de operadores de autobuses: algunas pruebas australianas recientes.
Transporte. 1990;17(1):33-55.

73. Hensher D. Modelado de eleccion de viaje aplicado. Oxford: Pergamon Press; 2001.

74. Hensher D. Economia del transporte. Cheltenham: Edward Elgar; 2007.

75. HensherD. Valuing Travel Time Savings in Public Transport. Transp Res Part APolicy Pract. 2008;42(1):55-67.
76. Hensher D, Button K, editors. Handbook of Transport Strategy, Policy and Institutions. Vol. 6. Oxford:

Elsevier; 2004.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://dina.com.mx/
https://www.cucea.udg.mx/include/publicaciones/coorinv/pdf/Analisis_de_ingresos_gastos_del_transporte_31_agosto_2012.pdf
https://www.cucea.udg.mx/include/publicaciones/coorinv/pdf/Analisis_de_ingresos_gastos_del_transporte_31_agosto_2012.pdf
https://gas-natura-el-salto.negocio.site/
https://gas-natura-el-salto.negocio.site/
https://doi.org/10.56294/tms202359

41  Estrada Meza RU
77. Hensher D, Button K. Manual de economia del transporte. Cheltenham: Edward Elgar; 2011.
78. Hunt J. Value of Time in Public Transport. Transp Res Rec. 2000;(1735):14-9.

79. IMSS. Patrones y empresas. México: Instituto Mexicano del Seguro Social; 2019. http://www.imss.gob.
mx/patrones

80. INEGI. Encuesta Intercensal 2015. México: Instituto Nacional de Estadistica y Geografia; 2015. https://
www.inegi.org.mx/programas/intercensal/2015/

81. INFONAVIT. Reglamento de Inscripcion Pago de Aportaciones y Entero de Descuentos. México: Instituto
del Fondo Nacional de la Vivienda para los Trabajadores; 2017 Sep 28.

82. Instituto de Movilidad y Transporte del Estado de Jalisco (IMTJ). Encuesta de Satisfaccion del Usuario
para el Area Metropolitana de Guadalajara 2016. Guadalajara: Gobierno de Jalisco; 2016.

83. ITDP. La tarifa técnica en el transporte publico de América Latina: Experiencias de 14 ciudades.
México: Instituto de Politicas para el Transporte y el Desarrollo; 2017. https://www.itdp.org/wp-content/
uploads/2017/04/La-Tarifa-Tecnica-en-el-Transporte-Publico-de-America-Latina_ITDP_Spanish. pdf.

84. Jaramillo W, Jacome L. Tarifa socialmente justa para el servicio de transporte publico urbano y su
relacion con los tiempos de recorrido e intervalos de despacho. INNOVA Res J. 2017;2(12):89-98. doi:10.33890/
innova.v2.n12.2017.312

85. Jasman Llantas. Los mejores precios en llantas. 2019. https://tienda.grupoloyga.mx

86. Kamargianni M, Givoni M. Smart card ticketing systems: Functionality, benefits, and implementation
challenges. Transp Rev. 2014;34(3):319-37. doi:10.1080/01441647.2014.895589

87. Kenworthy J. An International Sourcebook of Automobile Dependence in Cities, 1960-1990. Boulder, CO:
University Press of Colorado; 2011.

88. Camara de Diputados. Ley del Impuesto sobre la Renta (LISR). México: H. Congreso de la Unidn; 2013.
https://www.diputados.gob.mx/LeyesBiblio/pdf/LISR.pdf

89. Poder Legislativo del Estado de Jalisco. Ley de Movilidad y Transporte del Estado de Jalisco (LMTEJ).
2013. https://congresoweb.congresojal.gob.mx/bibliotecavirtual/leyesestatales.cfm

90. LubTrac. Empresa proveedora de lubricantes. 2019. http://www.lubtrac.com.mx

91. Manheim ML. Fundamentals of Transportation Systems Analysis. Volume 1: Basic Concepts. Cambridge,
MA: MIT Press; 1979.

92. Marshall A. Principios de Economia. México: El Consultor Bibliografico; 1890. Principios de Economia.
Espana: Aguilar; 1957. p. 90.

93. Martens K. Transport Justice: Designing Fair Transportation Systems. New York: Routledge; 2017.

94. McFadden D. Demanda de viajes urbanos: un analisis de comportamiento. Amsterdam: North-Holland
Publishing Co.; 1977.

95. McFadden D. La medicion de la demanda de viajes urbanos. Rev Econ PUblica. 1981;16(3):303-18.

96. McFadden D. El analisis econométrico de los sistemas de transporte. In: Manual de ciencia del transporte.
Saltador; 1994. p. 1-51.

97. Medina S, et al. Modelo de Implementacion de DOT en la Zona Metropolitana de Guadalajara. 1a ed.
México: ITDP; 2016. ISBN: 978-607-8288-19-9.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


http://www.imss.gob.mx/patrones
http://www.imss.gob.mx/patrones
https://www.inegi.org.mx/programas/intercensal/2015/
https://www.inegi.org.mx/programas/intercensal/2015/
https://www.itdp.org/wp-content/uploads/2017/04/La-Tarifa-Tecnica-en-el-Transporte-Publico-de-America-Latina_ITDP_Spanish.pdf
https://www.itdp.org/wp-content/uploads/2017/04/La-Tarifa-Tecnica-en-el-Transporte-Publico-de-America-Latina_ITDP_Spanish.pdf
https://tienda.grupoloyga.mx
https://www.diputados.gob.mx/LeyesBiblio/pdf/LISR.pdf
https://congresoweb.congresojal.gob.mx/bibliotecavirtual/leyesestatales.cfm
http://www.lubtrac.com.mx
https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 42

98. Mees P. A Very Public Solution: Transport in the Dispersed City. Melbourne: Melbourne University Press;
1992.

99. Mees P. Transport for Suburbia: Beyond the Automobile Age. London: Earthscan; 2009.

100. Meyer J, Kain J, Wohl M. The Urban Transportation Problem. Cambridge, MA: Harvard University Press;
1977.

101. Meyer J. La economia de los sistemas de transporte: una referencia para los profesionales. Cambridge,
MA: Harvard University Press; 1979.

102. Meyer J. Planificacion y analisis del transporte. Englewood Cliffs, NJ: Prentice Hall; 1984.

103. Meyer J. La economia de la competencia en las industrias del transporte. Dordrecht: Kluwer Academic
Publishers; 1991.

104. Muinoz Miguel JP, Anguita Rodriguez F. La tarificacion vial en el marco de las politicas de transporte
urbano. Un estudio empirico sobre su aceptabilidad social y eficacia en la ciudad de Madrid. Gestion y Politica
Publica. 2019;28(1):175-206. doi:10.29265/gypp.v28i1.545.

105. Nozick R. Anarchy, State, and Utopia. New York: Basic Books; 1974.

106. Nussbaum M. Creating Capabilities. The Human Development Approach. Cambridge, MA: Harvard
University Press; 2011.

107. Oliva C, Cantillo V. Costos de operacion en sistemas de transporte publico: una revision. Cuad Econ
(Latinoam). 2010;29(52):31-58.

108. Organizacion de las Naciones Unidas (ONU). Nuestro Futuro ComUn. Ginebra: Comision Mundial sobre el
Medio Ambiente y el Desarrollo; 1987. ISBN: 978-92-1-300220-8.

109. UN-HABITAT. Planning and Design for Sustainable Urban Mobility. Global Report on Human Settlements.
New York: Routledge; 2013.

110. Pasajero. Revista especializada en vehiculos comerciales para transporte de pasajeros y Movilidad
Urbana. México; 2019. http://www.pasajero7.com/

111. Pazos A. Desarrollo Sostenible y Economia: una mirada hacia el futuro. Macroecon Appl. 2007. http://
campus.usal.es/~ehe/anisi/MA/Laura/trabajos/Desarrollo_sostenible_y_economia.pdf

112. Pefalosa E, Hidalgo D. Ciudades para todos: Propuestas para disfrutar el espacio piblico. Washington
D.C.: Banco Interamericano de Desarrollo; 2008.

113. Plataforma Metropolitana para la Sustentabilidad. Declaracion de Guadalajara por una Movilidad
Sustentable. México; 2012. http://www.plataformametropolitana.org/

114. Puccia M. Metodologia: Riesgo de la industria. Criterios generales. Nueva York: Standard & Poor’s Global
Rating; 2018. http://www.standarandpoors.com

115. Rawls J. Teoria de la Justicia. 4a reimp. México: Fondo de Cultura Econdémica; 1995.

116. Sacristan J, CasorranS. Larevolucion de lamovilidad en bicicleta: Modelos y experiencias internacionales.
Barcelona: Ediciones Octaedro; 2017.

117. Sadik-Khan J, Solomonow S. Streetfight: Handbook for an Urban Revolution. New York: Penguin; 2015.
118. Sangurima WE, Jacome Galarza LR. Tarifa Socialmente Justa para el Servicio de Transporte Publico

Urbano y su Relacion con los Tiempos de Recorrido e Intervalos de Despacho. INNOVA Res J. 2017;2(12):89-98.
doi:10.33890/innova.v2.n12.2017.312

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


http://www.pasajero7.com/
http://campus.usal.es/~ehe/anisi/MA/Laura/trabajos/Desarrollo_sostenible_y_economia.pdf
http://campus.usal.es/~ehe/anisi/MA/Laura/trabajos/Desarrollo_sostenible_y_economia.pdf
http://www.plataformametropolitana.org/
http://www.standarandpoors.com
https://doi.org/10.56294/tms202359

43  Estrada Meza RU

119. SEMOV. Norma General de Caracter Técnico de la Calidad del Servicio de Transporte Plblico Masivo y
Colectivo del Estado de Jalisco. Guadalajara: Secretaria de Movilidad; 2016. https://periodicooficial.jalisco.
gob.mx/

120. Sen A. Development as Freedom. New York: Alfred A. Knopf; 1999.

121. Shoup D. The High Cost of Free Parking. Chicago: APA Planners Press; 2005.

122. Spieler C. Trains, Buses, People: An Opinionated Atlas of US Transit. Washington D.C.: Island Press;
2018.

123. Smeral E. La eficiencia del transporte publico masivo urbano: una revision critica de la literatura. Rev
Econ Polit Transp. 1970;4(3):235-58.

124. Sumalee A, Zheng Z, Pijanowska W. The role of smart card data in understanding travel behaviour. IET
Intell Transp Syst. 2013;7(3):272-81. doi:10.1049/iet-its.2012.0132

125. Tachet R, Cats O, Gonzalez M. Public transport planning with smart card data. In: Gonzalez MC, editor.
Urban Informatics. New York: Springer; 2017. p. 137-56. doi:10.1007/978-3-319-65316-4_8

126. UITP. Comprender el cobro técnico de tarifas: una revision global de las mejores practicas. Bruselas:
Union Internacional de Transporte Publico; 2019. https://www.uitp.org/publications/understanding-technical-
fare-collection/

127. Universidad de Chile. Tarifas técnicas de transporte publico: El caso de Santiago de Chile. Santiago:
Universidad de Chile; 2018. http://www.facso.uchile.cl/publicaciones/memoria/2018/11-2018/FS_Memoria_
[I_2018.pdf#page=191

128. Veblen T. La teoria de la clase ociosa: un estudio economico de las instituciones. New York: Macmillan;
1899.

129. Verhoef ET, Bliemer MCJ. The economics of smart cards in transport: Theoretical framework and cost-
benefit analysis. Transportmetrica. 2010;6(5):341-62. doi:10.1080/18128600903427087

130. Vickrey W. Tarificacion en el transporte urbano y suburbano. Econémica. 1992;59(233):457-73. http://
www. jstor.org/stable/1823886

131. Vickrey W. Principios de precios eficientes. Politica de Transporte. 1994;1(3):186-9.
132. Vickrey W. Subsidios al transporte publico: una critica. Rev Econ Polit Transp. 1994;28(2):139-54.

133. Vickrey W. Quince falacias fatales de la politica de transito urbano. Politica de Transporte. 1995;2(3):161-
83.

134. Vuchic V. Urban Public Transportation Systems and Technology. Englewood Cliffs, NJ: Prentice Hall;
1998.

135. Vuchic V. Urban Transit Systems and Technology. Hoboken, NJ: John Wiley & Sons; 2007.

136. Walker J. Human Transit: How Clearer Thinking About Public Transit Can Enrich Our Communities and
Our Lives. Washington D.C.: Island Press; 2012.

FINANCING
None.

CONFLICT OF INTEREST
None.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://periodicooficial.jalisco.gob.mx/
https://periodicooficial.jalisco.gob.mx/
https://www.uitp.org/publications/understanding-technical-fare-collection/
https://www.uitp.org/publications/understanding-technical-fare-collection/
https://doi.org/10.56294/tms202359

Transport, Mobility & Society. 2023; 2:59 44

AUTHORSHIP CONTRIBUTION
Conceptualization: Roberto Ulises Estrada Meza.
Data curation: Roberto Ulises Estrada Meza, Mario Gueadalupe Gonzalez Pérez.
Formal analysis: Roberto Ulises Estrada Meza.
Research: Roberto Ulises Estrada Meza.
Methodology: Roberto Ulises Estrada Meza.
Project management: Roberto Ulises Estrada Meza.
Resources: Roberto Ulises Estrada Meza.
Software: Roberto Ulises Estrada Meza.
Supervision: Roberto Ulises Estrada Meza.
Validation: Roberto Ulises Estrada Meza.
Visualization: Roberto Ulises Estrada Meza.
Writing - original draft: Roberto Ulises Estrada Meza.
Writing - review and editing: Roberto Ulises Estrada Meza.

https://doi.org/10.56294/tms202359 ISSN: XXXX-XXXX


https://doi.org/10.56294/tms202359

