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Autonomous vehicles have emerged as one of the most relevant applications 
of artificial intelligence in transportation and urban space; so much so that it 
is expected that, as has already happened with other technological innovations 
in mobility, they will bring social and physical transformations to many cities in 
the coming decades. Given this prospect, there is a need to assess their impact 
from different perspectives: urban form, traffic congestion, travel mode choices, 
accessibility to the transportation system, and social impacts. These aspects 
describe the spatial and social implications of such a technology, and taking 
them into account would allow us to exercise values of spatial justice and the 
right to the city for an ethical implementation of the technology. Nowadays, the 
effects of autonomous vehicles have been studied in high-income countries and 
planned urban environments, but there is no record of studies addressing them 
in Latin America. Our research evaluates the significance of autonomous vehicles 
as a high-impact artificial intelligence application in Latin American cities by using 
the Monterrey Metropolitan Area as a case study. The decline in the use of public 
transportation, a dispersed city model, social inequality and an overdependence 
on private automobiles present relevant conditions for this analysis. Based on 
the case study, and in addition to the literature review, this article also outlines 
scenarios for the implementation of this technology in order to improve mobility 
conditions in the urban periphery, as well as suggesting that the State should 
intervene in the development of public policies and invest in safe streets to close 
the socio-spatial gap in the territory.

Executive Summary
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1. Introduction

One of the artificial intelligence applications that will significantly affect our experience of the 
urban environment is the autonomous vehicle (AV), and they are considered so because of the 
technology involved: the use of Lidar sensors, vision and video processing, cloud computing, 
and pattern recognition to identify obstacles and calculate routes (Gerrish, 2018). However, due 
to the automation of the system and the costs of implementation and necessary infrastructure, 
this technology opens up a number of debates and ethical dilemmas about its impacts on social 
equity in the city. 

The arrival of AVs on the streets as a transportation solution is anticipated within 10 to 20 years, 
depending on adoption rates in different countries. In the Latin American and Caribbean region, 
it is estimated that by 2030 they will be available for purchase and by 2050 they will dominate 
50% of the vehicle fleet (Catalayud et al., 2020). Given their imminent arrival, it is necessary 
to assess their implications, especially in the context of Latin American cities characterized 
by institutional weakness, high inequality in income distribution, lack of urban planning, 
precariousness of public transportation, and slow adoption of information technologies in 
urban environments (Irázabal and Jirón, 2021); it is also essential to ask about the potential of 
this new technology and under what conditions of implementation it would be able to close 
urban inequality gaps. This article analyzes these dilemmas by taking the city of Monterrey in 
Mexico as a case study and exploring two prospective scenarios in the adoption of AVs that 
would have disparate social implications. 

The city of Monterrey is a useful case to build scenarios for the implementation of AVs and 
discuss their impact on the city’s equity and accessibility. This is due to the fact that, on the 
one hand, Monterrey is an archetypical Latin American city: it has a territorial growth marked 
by horizontal expansion, fragmentation of administrative boundaries, lack of planning and 
informality. On the other hand, it is a unique case: it has high public transportation costs and 
an accelerated decline in its use, unequal access to transportation, lack of quality public spaces, 
and dependence on private vehicles. Considering that AVs are a technology that would replace 
private vehicles and compete directly with public transport systems (Townsend, 2020), it is 
interesting to explore their implementation in this city that, with its combination of unique and 
archetypical elements (particularly the dependence on and decline of private transport), allows 
the outlining of possible implications in the Latin American context in general.

For their part, AVs have been a topic of research for academia in recent years. Attempts 
have been made to anticipate and quantify their impact on transport supply-demand and 
on the configuration of urban space; for example, Milakis et al. (2017) consider three levels 
of repercussions. In the first level, the authors break down the consequences of this new 
technology on travel costs, traffic congestion, and transportation mode choices. In the second 
level, they identify the consequences it would have on transportation infrastructure in cities; 
some other studies indicate that shared autonomous vehicles (SAVs) would reduce space 
dedicated to parking by up to 90% and free it up for other uses (Fagnant and Kochelman, 2014). 
And finally, at the third level, the authors encompass social implications and, even though they 
claim that AVs would have consequences on equity and social justice, these are still considered 
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to be uncertain (Milakis et al., 2017). Other research has found, for example, that AVs may 
cause an increase in the demand for transportation by people with reduced mobility, such as 
older adults and differently abled people (Harper et al., 2016; Zandieh and Acheampong, 2021). 
However, it has also been said that these population groups encounter more barriers to the 
use and adoption of technologies, especially in a context of poverty and social marginalization 
(Fischer et al., 2014, p. 624). Other authors have remarked on the aforementioned SAVs and 
multimodal integration as key to reducing social impact, as they would reduce transportation 
costs, take advantage of existing infrastructure and increase the supply of travel options (Owens 
et al., 2019; Creger et al., 2019).

Another set of consequences of this new technology will be related to the environment. Some 
authors claim that another important benefit would be reductions in energy consumption - up 
to 90% - and carbon emissions (Greenblat and Saxena, 2015; Harb et al., 2020), firstly because 
AVs technology is integrated with electric motors, thus introducing a new generation of more 
efficient vehicles; and secondly, because it is believed that SAVs would reduce congestion on 
the streets (Greenblat and Saxena, 2015; Owens et al., 2019). However, even if the technology 
itself is more efficient compared to internal combustion models, they could increase the energy 
expenditure required by dispersed cities. Some authors even warn that AVs will lead to an 
increase in vehicle kilometers traveled, which could further incentivize urban sprawl (Childress 
et al., 2015) and cause the metropolitan-scale effects to be counterproductive in the long term.
Considering all of the above, the objectives of this article are: 1) to analyze the implications of 
the adoption of AVs in the context of Latin American cities in general in terms of social impacts 
as a conditional element in the particular morphology of urban environments in the region; 
2) through the case study, to examine these implications in the city of Monterrey by exploring 
the ethical and social justice dimension while taking as focal points the relationship between 
the adoption of AVs and inequality, form and urban design; and 3) to generate prospective 
scenarios with public policy implications that contribute to minimizing the possible negative 
effects of their adoption and maximizing their benefits. In addition, with this case study we seek 
to outline implications that can serve as a reference or benchmark for the implementation of 
this technology in other Latin American cities. 

Finally, in order to address these objectives after having defined the general conceptual 
framework of the paper, we propose the following questions and methodology to answer them.

1.1. Research questions
The research outlines the following questions, organized along three thematic lines. The first 
line, focused on academic sources, presents us with the question: What has been studied in 
relation to the urban and social implications of the adoption of AVs in general and in the Latin 
American context in particular? The second line, related to spatial justice, considers that new 
technologies often present challenges in a context where the provision of public and pedestrian 
spaces is limited and of poor quality, especially in marginalized neighborhoods in the urban 
periphery (McGuirk, 2014), in addition to the fact that it is known that Latin American cities 
are unequal in spatial access to transportation, access to technology services, employment, 
schooling level, and housing. All of the above can be synthesized in this question: How and why 
the use of AVs in Latin American cities, characterized by fragmentation and social inequality, 
can have both negative and positive effects? And finally, the third thematic line seeks to study 
the issue of sustainability: while it is true that the literature outlines that the new technology will 
bring environmental and economic benefits, it also warns that the potential negative effects are 
still uncertain (Milakis et al., 2020); therefore, what kind of challenges, opportunities and risks 
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will arise in Latin American cities that intend to make a systemically sustainable and beneficial 
use of AVs?

1.2. Methodology
The proposed methodology includes three stages. The first stage consisted of reviewing the 
literature in relation to our research questions so as to understand the dilemmas identified by 
academia in the adoption of this technology in cities. Snowball sampling was used to find the 
most relevant articles. Among the key papers, the article by Milakis et al. (2020) was fundamental 
as it includes a literature review analyzing various social and public policy implications of AVs, 
including aspects of mobility, transportation infrastructure, land use, social equity, public 
health, safety and pollution. It is also worth noting the work of Harb et al. (2021), which includes 
an extensive review of scientific articles, academic and private sector reports published on AVs 
between 2011 and 2020. 

In the second stage, a case study was developed to address the implications of the adoption of 
AVs to the urban context in Latin America; this approach is used to investigate complex social 
phenomena and to understand the how or the why of such phenomena (Yin, 2009). The city 
of Monterrey was selected and the unit of analysis was its metropolitan area since travel and 
transportation decisions respond, precisely, to a metropolitan logic that connects residential 
areas with the employment and leisure offer dispersed in the city; thus, if the impact of AVs 
in the social dimension is to be evaluated to answer the research questions, the appropriate 
scale of analysis is a metropolitan area. In addition to taking into account inequality, urban 
form, transportation, mobility and the ethical implications of social justice in relation to spatial 
and demographic change for this analysis, the main challenges, opportunities and risks were 
detected as well and prospective scenarios with public policy implications were included. As we 
have already pointed out, the case study is intended to illustrate some general conditions and 
implications for other Latin American cities.

Finally, a third stage was devoted to the formulation and description of two scenarios for 
prospective analysis of the adoption of this technology, with the intention of assessing its 
potential for social change. The two scenarios selected respond to the two business models 
currently being considered: 1) a model in which the technology is only adopted for private use, 
and 2) a model in which, despite its use by private individuals, the SAVs service on demand is 
predominant.  

For these scenarios, the dependent variable was the degree of spatial justice achievable in a city; 
the independent variable was the adoption pattern of AVs under each scenario and the public 
policy implications they entail. In each scenario, the possible consequences were analyzed in 
5 areas that affect the degree of spatial justice: accessibility, transport modal split, regulatory 
policy, multisectoral alliances and urban form.
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To understand the relationship between AVs and unequal urban environments, the specialized 
academic literature presents us with four areas: (a) studies regarding the business model 
anticipated for these vehicles and the impact they would have on urban transportation systems; 
(b) a subfield that has addressed the social dimension of inequality in relation to the adoption of 
these technologies and their impact on vulnerable groups; (c) the theory of spatial justice, which 
will serve as a theoretical framework to evaluate the relationship between AVs and the social 
dimension in the analysis section; and (d) the area regarding public policy recommendations 
that would be relevant to adapt AVs in Latin American cities under a people-based city model. 
A brief review of these four bodies of literature follows. 

2.1. Business model and impact on public transport
In the mobility context, it is expected that one of the main adoption schemes of AVs will be 
mobility as a service or on demand, whereby users use platforms according to their specific 
needs, paying for the service and without the need to purchase the vehicle for exclusive use. 
The benefits of this scheme would be that it introduces a travel offer that is friendly, comfortable 
and adjusted to the user’s needs (Coppola and Silvestri, 2019; Golbabaei et al., 2020), in addition 
to the fact that this modality could solve the connectivity problem in the last mile, i.e., in the last 
leg of a trip (Lang et al., 2020).

Additionally, to promote the adoption of AVs from the inclusion aspect, it is recommended that 
ridesharing should be economically favored within the creation of public policies (Moavenzadeh 
and Lang, 2018). It is key that in this typology there exists the possibility of trip customization 
and transparency. The first attribute would allow each user to consume according to their 
needs and would favor the retention of the service by the users (Yamaji, 2020), while the second 
attribute would facilitate the availability of AVs, offering the possibility for passengers to better 
plan their trips, optimize routes and reduce travel times (Moavenzadeh and Lang, 2018). 

Regarding the impact on the supply and demand of public transport, the literature warns of 
possible opportunities and important challenges. Firstly, it is envisioned that AVs could extend 
the reach of public transport through a microtransit solution, thus managing to reach areas 
that lack good public transport infrastructure (Coppola and Silvestri, 2019; Yamaji, 2020); this 
possibility sounds particularly positive in the context of Latin American cities. But, on the other 
hand, the introduction of AVs threatens to reduce the demand for public transport, which, in 
turn, would reduce mobility options (Litman, 2020), increase the number of cars in circulation 
and, thus, affect travel times (Litman and Silvestri, 2019).

Finally, regarding the social dynamics related to the introduction of AVs, some authors have 
mentioned that they would make family schedules more flexible because children’s mobility 
would no longer depend on their parents’ schedule (Harb et al., 2021). With this greater 
independence gained, Zandieh and Acheampong (2021) anticipate a positive socialization 
impact on older adults or people with disabilities since shared vehicles could encourage the 
interaction of people.

2. Literature review
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2.2. Social inequality and AV dilemmas
Although the literature recognizes that autonomous vehicles have the potential to perpetuate or 
produce new forms of social inequality (Bissell et al., 2020; Adey, 2006; Lutz, 2014; Baerenholdt, 
2013), several authors assert that the introduction of this technology could improve accessibility 
for people who cannot afford to buy a car or drive in an on-demand model (Claypool et al., 2017; 
Holley-Morre and Creighton 2015; Dianin et al., 2021). However, other authors warn that the 
expansion of cities would be incentivized with this increased accessibility to peripheral areas, 
thus generating new social and environmental costs (Gruel and Stanford, 2016; Dianin et al., 
2021; Gelauff et al., 2019; Milakis et al., 2020). For his part, Sperling (2018) in particular remarks 
that, although automation could lead to safer, cleaner, more affordable and accessible mobility, 
this would only be achieved if it is combined with electrification and ridesharing. 

Dianin et al. (2021) also recognize this duality in transportation equity and in the distribution 
of accessibility in space and between social groups. On the one hand, they argue that this 
technology would exacerbate social inequalities: higher income sectors that are more attractive 
to the market would obtain greater benefits. On the other hand, they argue that its adoption 
would lead to a decrease in inequalities thanks to a greater balance in the distribution of 
accessibility between different social groups (by introducing high-level automated public 
transport or SAVs). 

Milakis et al. (2020) analyze the implications for three vulnerable groups: low-income people, 
people with physical and/or sensory disabilities, and the elderly, concluding that the benefit or 
detriment for them will depend on the automation component of the technology and the service 
and business model adopted for its implementation: private or shared AVs in the mobility as a 
service and on-demand scheme.

Since lower-income households rely more heavily on public transport, another recurring theme 
in the literature is the impact of AVs on said public transport (Milakis et al., 2020; Clewlow 
and Mishra, 2017; Ohnemus and Perl, 2016; Brown and Taylor, 2018; Vön Morner, 2019; Abe, 
2019; Coppola et al., 2018). The introduction of SAVs would definitely affect the public transport 
system by changing the accessibility/mobility of the groups that depend on it. Therefore, buffer 
policies would be required to contribute to a complementary system between AVs and existing 
public transport, e.g., by generating feeder public services with AVs to public transport lines.

2.3. Autonomous vehicles and spatial justice
There are a number of considerations that have not yet been explored in depth in this specialized 
literature that are related to the changes that AVs would promote in urban form, urban design 
and the relationship of these factors with social elements (Harb et al., 2021). Throughout the 
history of cities, changes in urban design and form are generated with each change in technology. 
Locomotives, for example, enabled the economic boom and rural-urban migration, the internal 
combustion vehicle favored suburbanization, and airplanes have facilitated globalized cities. 
Consequently, these technologies have created dilemmas that thinkers such as Soja (2013) and 
Harvey (2012) warn are the result and consequence of the injustice that exists in the production 
and social reproduction of space.

With the advent of AVs, questions remain as to how the way of life in cities will be transformed, 
how these changes will affect its physical form, and whether the results will reduce or increase 
current social inequalities. This can be seen with a direct connection between territory and 
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economic inequality, which tends to create a systemic structure of privilege and disadvantage, 
thus resulting in segregation and discrimination by class, race, gender, and age, among others 
(Soja, 2013).

Referring to urban sociology, we find the concept of spatial justice that reflects precisely on 
the geographic spatial dimension of a territorial distribution where the costs and benefits of 
economic development are more equitable (Soja, 2013). In other words, in the context of the city, 
it is a matter of the different neighborhoods having an adequate provision of public services, 
transportation, housing and access to employment, leisure and education opportunities. To the 
extent that our cities achieve this goal, the urbanization process will be more sustainable and 
possibly fulfill the promise of generating economic wellbeing for a majority of the population. 

Additionally, the right to the city is an idea that responds to the theory of spatial justice, stating 
that greater equity will only be achieved if socially disadvantaged populations gain some control 
and participation over the political and economic processes that generate unequal urban 
geographies (Fainstein, 2014; Harvey, 2012). Complementary to this, Marcuse (2012) describes 
how the right to the city is a common cause between groups favored and disadvantaged by the 
system to improve social justice in a spatial range.

Given the adoption of this new technology and considering these concepts, the criticism of the 
city model that orients the function of urban space to privilege travel by private automobile over 
other uses such as socialization, belonging, building a collective identity, green infrastructure 
housing and safety remains valid (Borja and Muxí, 2003). Under the current model, the 
consequences of the prioritization of the automobile have deteriorated the human quality of the 
city, especially for marginalized groups such as women, people with disabilities, the elderly and 
children. In order to reduce the gaps and maximize the social benefits of AVs, the development 
of policies based on the search for human dignity, together with factors that derive from the 
representativeness and value of the territory, will be fundamental (Iveson, 2011).

In summary, the impacts that the adoption of AVs will have on the spatial reconfiguration of 
cities are still uncertain, especially from the perspective of Latin American cities characterized 
by marked social inequality and the marginalization of vulnerable groups.

2.4. Public policies for the adoption of AVs 
The use of new technologies for transportation reaffirms the need for new legislative bases 
to regulate road behavior, guarantee safety and resolve market asymmetries. However, 
the progress in legislative and regulatory processes does not match that of technological 
development, which is generally faster (Catalayud et al., 2020). Given the ethical complexity of 
automated technology, since 2011 there have been regulations in the United States and the 
European Union to attribute civil liability within road traffic: it was determined that it would 
be given by the level of autonomy that the vehicle had, with the programming companies 
taking greater responsibilities the higher the level of autonomy (Myers, 2016). Over the years, 
international institutions such as the UN have begun to set the standard with safety parameters 
through maximum speed ranges, for example 30 km/h for vehicles with a higher level of 
autonomy. Controls have also been established that require disabling the autonomous system 
on pedestrian roads or roads shared with cyclists as a measure to protect these users. Other 
regulations have included having a cyber security system and a black box to help record actions 
(Fuentes, 2020).
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In 2020, the company KMPG ranked the 30 countries with the highest likelihood of implementing 
this technology and, taking into account consumer acceptance, infrastructure, technology and 
innovation as well as policies and legislation, created the “Autonomous Vehicle Readiness Index”. 
Due to the lack of specific regulations and the inability of the national government to adapt to 
changes, Mexico was ranked 28th. Other Latin American countries such as Chile and Brazil were 
ranked 27th and 30th, respectively (KPMG, 2020). These positions show that the challenge of 
adopting this technology is widespread for Latin American cities. Cremata (2016), for example, 
observes large legal gaps in the countries of the region, including the lack of definitions of moral 
and ethical responsibility in the event of a fatal accident; without the necessary infrastructure, 
accidents could go unpunished (McCulloug and Colle, 2016).

In addition to the abovementioned problems, there are neither regulations nor legislation that 
can foresee the possible consequences on urban form, territorial expansion or road congestion. 
In addition, AVs could promote social disarticulation by enclosing society in “automated bubbles” 
that do not interact with the environment, thus modifying sociability (Metz, 2018).

In summary, the literature review reveals that there is no academic work that brings together 
the four literatures referred to here. That is, to the best knowledge of the authors, there is no 
rigorous academic work that analyzes whether the contexts of the adoption of AVs in Latin 
American cities could increase or reduce inequality and spatial justice gaps. This is relevant 
because the literature review shows that several authors have extensively discussed the social 
and ethical dilemmas that the adoption of this technology may outline for our society, as well as 
the need to establish public policies aimed at minimizing risks. However, these authors analyze 
cases of highly industrialized countries without a direct link to the spatial and social context 
of other regions. The literature found refers to case studies in cities with high income levels 
and planned urban environments. There is no record of studies that address this issue in Latin 
America. This research paper seeks to fill some of these gaps in the literature by means of a 
case study.
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3.1. Urban Context of Latin American Cities 
Latin American countries are characterized by an unequal income distribution among their 
population; according to the Human Development Report of the United Nations Development 
Program, the richest 10% of the population concentrates 32% of the income, a figure higher 
than any other region on the planet (UNDP, 2013). Table 1 shows the Gini index of inequality: 
values close to 1 indicate greater concentration of wealth in fewer people. 

This inequality in income distribution is reproduced in the territorial and spatial context of the 
urban environment through economic segregation and the agglomeration of high concentrations 
of poverty in specific areas of the city known as ghettos or favelas. Spatial segregation has a 
negative impact on the creation of opportunities for socially disadvantaged households. Several 
authors have discussed the social effects of growing up in a ghetto and the way in which this 
reduces access to opportunities throughout life (Perlman, 2010; Sampson, 2012). 

Table 1. Comparison of income level, inequality and urbanization in Latin American 
countries

Country Per capita GDP 2020
Percentage 
of Urban 

Population

Percentage of Urban Population 
in Informal Settlements Gini Index

Mexico  $8,346.70 81% 16% 0.45

Colombia  $5,322.80 81% 28% 0.51

Peru  $6,129.90 78% 33% 0.41
Chile  $13,231.70 88% 9% 0.44

Brazil  $6,796.80 89% 16% 0.53

Source: prepared by the authors with World Bank data

In addition to inequality, Latin American cities manifest two other key elements in their 
development patterns: a high percentage of urban population and the prevalence of informal 
settlements. Between 1950 and 2010, the region’s urban population multiplied seven times 
from 69 million to 480 million. This occurred in an accelerated manner, fostered among 
several factors by the migration of rural residents to urban areas and improvements in 
sanitary conditions (Libertún de Duren, 2014). However, the inability to associate the pace 
of urbanization with productive activities generated an “over-tertiarization”, i.e., a growth of 
the tertiary sector and the informal sector of the economy, which aggravated socioeconomic 
polarization and territorial disintegration (Almandoz, 2008). In addition to this process, the 

3.  

Analysis of the case study
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institutional and financial weakness of the region caused the State to be unable to respond 
in a planned and anticipated manner to the rapid population growth, generating processes of 
informal occupation of the territory in irregular settlements lacking adequate basic services 
and facilities far from work centers (Trejo, 2019). Table 1 shows that, depending on the country, 
between 9 and 33% of households live in informal settlements (World Bank, 2021).

Trejo (2019) argues that the Anglo-Saxon literature on economic development associates 
higher rates of urbanization with higher rates of social welfare and economic growth. However, 
the same author states that Latin America is an exception, as it is a region with a very high 
rate of urbanization but with severe social lags and economic stagnation. In this region, high 
urbanization rates have not translated into improvements in the quality of life and welfare 
opportunities for most households; in most metropolitan areas, urban sprawl presents a 
landscape of informality, poverty and lack of basic services and infrastructure in the peripheries. 
In spatial terms, these conditions result in fragmented, disconnected cities with insufficient and 
poor quality public spaces (streets, parks and squares). This model again contrasts with the 
patterns observed in developed countries such as the United States, where urban sprawl is 
characterized by the creation of suburban residential areas for the middle or upper classes and 
where the greatest concentration of poverty is found in the central area (Lungo, 2001). In Latin 
American cities, the spatial pattern is the reverse: the most precarious areas are located in the 
urban periphery and impose challenges for the mobility of lower-income households living 
there (Lungo, 2001). 

3.2. Presentation of the Monterrey Metropolitan Area
With the context of the region having been provided, the case study of the Monterrey 
Metropolitan Area (ZMM), located in northeastern Mexico, is representative of the rapid 
urbanization process and a dispersed city pattern with peripheral areas devoid of basic services 
and marked by poverty. According to the latest INEGI census, published in 2019, the city has 
4.96 million inhabitants, making it the second largest metropolitan area by population size in 
the country after Mexico City. Thirty-six percent of its economy is related to the manufacturing 
and industrial sector and comprises an urbanized area of 18 municipalities, extending over an 
area of 1,011 square kilometers. In the last 30 years, the ZMM’s population has grown 1.7 times, 
but its territory has expanded 2.7 times. As a result, it has lost 39% of its population density.

According to our analysis of census data from 1990 to 2020, in 30 years the city registered a 
population loss in the central area of up to 250,000 inhabitants. Demographic and territorial 
growth is occurring in the urban periphery: in the absence of a national land policy, the provision 
of housing occurs where land is cheapest, i.e., in areas far from services, equipment and 
transportation. Consequently, Monterrey’s growth process has been marked by an increase 
in the fragmentation of urban space. On the one hand, lower-income households face the 
most adverse conditions for commuting because they live on the urban periphery in areas 
disconnected from the areas where jobs are concentrated. On the other hand, more affluent 
households with cars can pay to live in areas closer to jobs and leisure. These conditions, 
coupled with the continuing decline in the supply of transportation (which will be discussed 
in more detail in the next section), make this metropolitan area a relevant case for exploring 
patterns of AV adoption in the region. 

If we take into account some indicators of population, density and inequality (Gini Index), we 
can see that there are some relevant points of comparison between our case study and other 
Latin American cities. For example, Monterrey has a territorial extension comparable to Lima 
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and Santiago, but smaller than Sao Paulo and Mexico City; its population density is similar to 
Santiago de Chile and Sao Paulo; and the per capita GDP is comparable to Santiago and Mexico 
City (well above Bogotá). In terms of wealth distribution, Lima would be the least unequal city 
and Sao Paulo the most unequal in terms of income distribution.

Table 2. Comparison of Latin American cities in urban and income elements.

City Population (millions) Surface (km²) Urban Density (in-
habitants per km²)

Per capita GDP 
(Dollars 2018) Gini Index

Monterrey 4.96 1,011 5,535.71  $33,340.93 0.44

Mexico City 21.92 2,385 9,190.78  $ 24,041.38 0.53
Bogotá 11.17 562 19,875.44  $ 18,152.91 0.50
Lima 10.88 891 12,211.00  - 0.33

Santiago 6.81 1,147 5,937.23  $24,646.26 0.53
São Paulo 22.24 3,237 6,870.56  - 0.57

Source: prepared by the authors with data from Macrotrends, Demographia, OECD, 
ECLAC, CONEVAL, SEMARNAT, INEI, IBGE and the Mayor’s Office of Bogotá.

In summary, Tables 1 and 2 show that there is a certain convergence in the urbanization 
process in Latin America, an accelerated process accompanied by strong social disparities. They 
also illustrate that Monterrey is, in effect, a representative case of a metropolitan area that 
experienced rapid population and economic growth; and yet, it is marked by a lack of planning in 
the provision of necessary services and land use management to locate lower income housing in 
areas accessible to transportation and services. In the urban context, inequality and informality 
are expressed territorially and spatially through socio-spatial segregation and fragmentation of 
urban space by income level. It is precisely in this particular context of the region that we are 
interested in asking ourselves what would happen to inequality and access to opportunities in 
the event of the eventual adoption of AVs; to study whether this adoption would improve or 
worsen the livability of our cities; and to analyze whether they would promote results towards 
greater spatial justice.

3.3. Description of the case study
This section returns to the concepts previously addressed: the right to the city and spatial justice 
to link the particular elements of our case study with the attributes that affect the adoption of 
this new transportation technology. In order to organize them, we will start with the analysis of 
economic inequality, then we will mention the urban form and transportation, and finally the 
social and demographic implications.

3.3.1. Inequality

In the context of Mexico, some studies have already reported the relationship between inequa-
lity, purchasing power and access to health care: the most affluent households are those with 
access to private health care (Tamez and Eibenschutz, 2008). Therefore, the variable that quan-
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tifies population with private health insurance is a good approximation of the average income 
at the block level, which is why we use it; the census does not report the income variable at this 
level of geographic detail. 

Figure 1 illustrates the blocks in the urbanized area of the ZMM in which the more intense 
green color represents a higher concentration of the population that does have private health 
insurance. According to these data, the darker color indicates a higher concentration of affluent 
households.

Figure 1. Population affiliated with private health services at the block level.

  

Source: Prepared by the authors with data from the 2020 
INEGI Population and Housing Census.

It can also be observed that the darkest shades of green - denoting a higher density - are in the 
southwestern part of the metropolitan area and that, as we move towards the northeast, the 
population with private health services decreases, i.e., income decreases. There is a very clear 
pattern of spatial and social fragmentation in the city: the areas with the greatest affluence are 
located closer to the urban center, have a greater provision of services, better road infrastruc-
ture and a higher density of jobs in the tertiary sector of the economy. 

Population affiliated with private health services in blocks of the Monterrey Metropolitan Area

Population affiliated to health services in private institutions
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3.3.2. Urban Form

As we have seen, in general terms, the ZMM has a social distribution in which higher-income 
households live in functional zones with better access to employment and services, while 
lower-income households live predominantly in the urban periphery or in areas of adverse 
geography. In detail, the current urban form is composite polycentric: there is a dominant 
center in the concentration of employment, but new sub-centers of activity are beginning 
to consolidate in the periphery. However, this consolidation process has been gradual and 
uneven, with these new sub-centers of activity lagging behind in terms of social infrastructure 
and public transportation. Figure 2 shows the density of inhabitants per block: the darkest 
gradient corresponds to the highest densities. If we compare this map with the income map 
in Figure 1, it is possible to notice that the highest densities are located as we move to the 
northern and eastern periphery, coinciding with the least affluent areas. The highest density 
zones in the urban periphery correspond to new activity centers located in the municipalities 
of García, Escobedo and Apodaca. The central area of the municipality, which corresponds to 
the historic part of the city and is nowadays a commercial and government area, has the lowest 
densities of inhabitants.

Figure 2. Urban density and transportation at the block level (number of inhabitants per 
square kilometer)

Source: prepared by the authors with data from the INEGI Po-
pulation and Housing Census 2020.

Urban density and transportation at the block level in the Monterrey Metropolitan Area

Metro Line 1
Metro Line 2
Metro Line 3
Ecovía (BRT)
Avenues

Urban density per block (hab/km2)
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One of the challenges for Monterrey - and for most Latin American cities - is to bring jobs and 
public transportation to the urban periphery while generating a supply of affordable residential 
housing for lower-income households in the central area, which is generally better served by 
services and jobs. 

Consequently, urban form and social inequality are closely related to transportation. In other 
words, to the extent that the city offers safe and affordable mobility and transportation for 
the entire population, the possibilities of access to services and jobs increase even for lower-
income households. Figure 2 illustrates how this condition is not met in the ZMM, since there 
is a disconnection between the areas with the highest density per block and the location of 
the subway lines. In addition, when comparing census information by decade from 1990 to 
2020, the urban center of the city is in a process of population loss and an increase in the 
concentration of older adults, while in the peripheral areas there is a greater presence of young 
households without sufficient coverage of the transportation infrastructure.

3.3.3. Transportation and mobility

A relevant characteristic in Monterrey, typical of the dispersed city model and which makes it 
an exemplary case for the analysis of the possible adoption of AVs, is the inadequate supply 
of public transportation (López, 2021); this situation has repercussions on the preference for 
the automobile for commuting as travel times are shorter. According to the 2018 Así Vamos 
Nuevo León survey, the average round trip travel times to work for the ZMM by private car 
are 53 minutes, while by public transport are 103 minutes (Cómo Vamos Nuevo León, 2018), 
i.e., travel time is on average twice as long for a household without a private vehicle. This is 
without considering other additional factors such as weather, transfers, safety on the streets 
and the comfort of the units that could further incentivize car use. Lower-income households 
that do not own a private vehicle live mostly in the urban periphery. In other words, the most 
socially disadvantaged households face the highest costs of commuting to the areas where 
employment is concentrated. 

To illustrate this situation, let us look at Table 3: the average commuting time for residents 
of San Pedro Garza García (the most affluent municipality of the ZMM, well connected with 
highways and whose residents own private vehicles) is 53 minutes. In contrast, the average time 
of two peripheral municipalities with the highest proportions of lower income households and 
social housing, Juarez and García, is 95 minutes. These two figures show a marked inequality 
in transportation: traveling by private vehicle is faster than by public transportation; lower 
income households living in the urban periphery face longer travel times and lower levels of 
accessibility.

Table 3. Average travel time by municipality

Municipality Average Travel Time

San Pedro Garza García (central affluent zone) 53 minutes

Juárez (peripheral and socially disadvantaged zone) 95 minutes

García (peripheral dormitory town) 95 minutes

Source: prepared by the authors with data from Cómo Vamos Nuevo León, 2018.
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Evidently, shorter travel times make it more attractive to travel by private car to the detriment of 
the use of the public transportation system. According to data provided by the Comprehensive 
Plan for Sustainable Urban Mobility (PIMUS) in the ZMM in 2020, 47% of trips were made by 
automobile while 20% by public transport (Transconsult, S. A. de C.V., 2021, see Table 4). It is 
worth noting that from 2005 to 2020 there was a decline in public transport trips and an increase 
in the use of private cars: in 2005, more than 40% of trips were made by public transport and 
approximately 35% in private cars (Transconsult, S. A. de C.V., 2021).

Table 4. Modal split in 2005 and 2020.

Year Trips Made by Car in the ZMM Trips Made by Public Trans-
portation in the ZMM

2005 35% >40%

2020 47% 20%
   

Source: prepared by the authors with data from Transconsult, 2021.

In addition, the number of public transport trips went from representing 68% of all trips made 
in 1990 to 31% in 2019 (Lopez, 2021), and this drop in demand has been accompanied by a 
reduction in the supply of public transport. The number of units providing the service went 
from 6,600 to 5,255 in the period from 2009 to 2019 (Lopez, 2021). The loss of demand and 
the drop in supply generates a vicious circle: fewer transport units on the streets cause longer 
waiting times for passengers and encourage more people to consider switching to private 
vehicles. This results in fewer fares and less revenue for carriers, who, in turn, react by cutting 
routes, reducing quality standards and reducing the number of service units in circulation. The 
households most affected by this phenomenon are again those with lower incomes living in 
the periphery with young families, and who depend on this mode of transport to carry out their 
daily activities.

This change in the modal split shows us a city with a metropolitan area dependent on the 
private car as the main travel mechanism. The paradox is that lower income households that 
cannot afford it generally live in areas with less public transportation coverage, facing really 
adverse conditions to access employment, education, health and leisure opportunities. 

In addition, this vicious circle cascades into the current public transportation supply. The ZMM 
has a mass public transportation system: three subway lines and one Bus Rapid Transit (BRT) 
line. However, these systems are under-utilized and lack feeder lines to connect residential 
areas and commuter travel. For example, the BRT system, two years into service, “operated at 
50-60% of the originally planned demand” and, although the metro was planned to carry 15% 
of all trips in the ZMM, by 2020 it barely carried 2% (Lopez, 2021).

Furthermore, in a sparsely populated and dispersed city like Monterrey, the transportation 
economics are not adequate for the system to operate without economic subsidies. That is, 
having routes in the urban periphery is not profitable for concessioned carriers due to low 
density and spatial fragmentation. Thus, there is a lack of a feeder system from the concessioned 
service to the mass transit stations so that the subway can aspire to carry the 15% of trips for 
which it was planned. If this existed, the subway and BRT would be used to a greater capacity 
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and would return to a modal split with a greater presence of public transport. In short, the 
lack of a multimodal transport system exacerbates inequalities and discourages the use of 
public transport. Everything we have seen here illustrates that access to public transport in the 
context of the Latin American city is an issue directly related to social inequality and access to 
opportunities. 

It is worth pausing briefly to reflect on two possible contributions of AVs in this context. On the 
one hand, they could help with this crisis through shared fleets that feed the public transport 
system, generating better access to urban services and job opportunities. On the other hand, 
they could bring us closer - considering the concept of the right to the city - to an ideal of 
spatial justice to the extent that marginalized communities have the power to participate in the 
adoption of the technology in their communities and that this implementation contributes to 
solving their mobility needs without hindering them.

3.3.4. Social and demographic implications of spatial change

According to the literature on spatial justice, not only does the territory spatially translate 
unequal power dynamics between social agents - for example, manifested through inequality 
in the distribution of urban services - but also these inequalities are perpetuated in patterns of 
discrimination against social groups based on age, gender or identity (Young, 1990, p. 47 cited 
by Fainstein, 2014). In this sense, the analysis of the ZMM shows that there are practically no 
young households in the central area with greater coverage of urban services. Figure 4 illustra-
tes this spatial shift by showing the concentration of young households with children aged 0-14 
years in the periphery. The explanation for this phenomenon is that most households with chil-
dren move to places where they find an affordable housing supply. This particular geographic 
pattern outlines a series of challenges for the eventual adoption of autonomous vehicles becau-
se it is precisely in the periphery where there is a higher density of children and where there are 
greater challenges in terms of social infrastructure (including sidewalks and road safety) due to 
the rapid urbanization process that has occurred. 

Figure 4. Population from 0 to 14 years old per block. Source: prepared by the au-
thors with data from the 2020 INEGI Population and Housing Census.

Population from 0 to 14 years old in blocks of the Monterrey Metropolitan Area.

Population from 0 to 14 years old
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3.4. Conclusions to the case study
In summary, the way in which Monterrey exemplifies the conditions of the Latin American city 
experience has been illustrated: social fragmentation and a disorderly urbanization process 
that reproduces poverty and the lack of opportunities for access to services. We observe that in 
this growth process, the situation of public transportation is a downward spiral of deterioration, 
deficient and declining, its coverage is limited in the expansion zones and despite being 
subsidized by the government, it is underutilized and operating with a demand below what 
was planned when it was implemented. Likewise, newly formed households with children are 
forced to live on the periphery because that is where they can afford to live, in environments 
that are not very pedestrian-friendly, totally car-oriented and with little supply of services. The 
structural conditions of transportation, plus the distance of residential areas from employment 
centers, will force a proportion of these households to purchase a car.

This distribution of young households and by income follows an unbalanced geographic pattern 
that responds to a social hierarchy. Access to transportation is expressed geographically 
through socioeconomic criteria that determine the place of residence and the destination of 
trips. In other words, if a person is from an affluent household, they are more likely to own 
a private vehicle, live in an accessible area, be close to sources of employment and be well 
connected to the rest of the city. 

This urbanization context of Monterrey - and of Latin American cities - is very different from that 
discussed in the predominant AV literature, for which there is a large field of pending research. 
In the literature from the United States, Southeast Asia or Australia, road safety considerations 
and vulnerable populations are discussed in contexts of more egalitarian societies, a more 
generous welfare state and better planned cities. In a city like Monterrey, what role will AVs 
play in relation to the challenges of urbanization and inequality? What implications for spatial 
justice and the right to the city will autonomous vehicles have? We can anticipate that adoption 
rates of new technologies will be higher in higher income areas because new technologies are 
expensive (Udell and Potter, 1989). Based on these criteria, we would expect early adoption in 
residential areas located to the south and southwest of the city since these are affluent areas 
with good road infrastructure and whose residents currently rely on private vehicles as their 
primary mode of transportation. However, we are left with two questions: What can we expect 
to happen in the urban periphery with lower-income households? and How can we benefit from 
technology to achieve greater spatial justice? The answer to both involves two future scenarios: 
one in which AVs are adopted late in vulnerable communities, and one in which adoption takes 
place with the participation of suburban neighborhoods. In the following section, we will study 
both scenarios. 
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By this point of the argument it has already become clear that AVs have the potential to improve 
or worsen spatial equality and justice in cities, especially in those with deep spatial inequality 
gaps such as Monterrey, and that the final outcome will depend on the regulatory framework, 
business model and public policies that are implemented to maximize their benefits and 
mitigate their negative externalities.

However, due to the fact that the technological development and initial implementation of this 
technology has been carried out in cities in the United States, Europe and Asia, there are still 
no in-depth studies that can support recommendations grounded in the Latin American reality. 
For this reason, and based on the literature review and the data collected from the Monterrey 
case study, in this section we include some reflections on the opportunities and risks of AVs 
based on the assessment of two prospective scenarios. As mentioned at the beginning of this 
article, this evaluation will be based on 5 aspects: a) accessibility, b) transport modal split, c) 
regulatory policy, d) multi-sector alliances and e) urban form.

4.1. Scenario 1: business model in favor of AVs for private use
One possibility is that technological deployment will occur only with private-use vehicles: 
households will replace their car with a driverless car that will remain parked when not in use 
and its use will remain exclusive to the owner’s household. Let us evaluate the performance of 
this hypothetical scenario on the five selected variables.

4.1.1. Accessibility

The level of accessibility would improve, but only for the adopters of this technology; due to 
its high cost, higher income households - who generally do not live in the urban periphery - 
would be the ones who would see gains in their accessibility and mobility in the initial stages 
of adoption. These households would see an improvement in the flexibility that an AV would 
give them; they could consider more distant or infrequent travel alternatives to their routines 
with chauffeur-driven vehicles. However, this business model would not bring an accessibility 
benefit for lower-income households living on the urban periphery and with limited access to 
public transportation. Accessibility levels for these households remain unchanged. 

4.1.2. Modal split

For the city of Monterrey, we can anticipate an inertial scenario in the modal split, that is, in 
favor of private vehicles and to the detriment of public transportation. We know that public 
transport infrastructure does not have the territorial coverage to satisfy the travel needs of 
households in the urban periphery and, in a scenario of private vehicles, we can forecast a 
higher rate of motorization in the metropolitan area in general. Middle and lower income 
households will continue to be forced to purchase a private vehicle to meet their daily mobility 

4. Prospective analysis: challenges, risks and 
opportunities of AVs in Latin American cities
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needs. AVs would not be the cause of the decline in the use of public transport, but would 
reinforce this trend that has been observed for the last two decades in the city. Public transport 
would continue its downward spiral of precariousness, reduction of trips and feeder routes in 
the medium and long term. 

4.1.3. Regulatory policy

Regulatory policy concerns the private use of vehicles, in a similar way to what happens 
today with the formalities for a private vehicle to circulate on the streets. The most important 
regulations in this adoption model have to do with the adaptation of traffic regulations to settle 
civil and criminal liability in case of accidents involving AVs, a liability that includes the company 
that produces the vehicle and whoever has ownership rights over it.
Multi-sector alliances

In the case of the adoption of vehicles for private use, levels of coordination are expected 
between the vehicle distribution companies and the authorities that regulate urban space. This 
is due to the number of adjustments to intersections, traffic lights and roads that must be 
carried out to ensure that the technological deployment is safe in its initial phases.

4.1.4. Urban form

This scenario has strong territorial expansion pressures on the urban form. In AVs for private 
use, the marginal cost for an additional kilometer of travel is reduced because the capital 
investment in the vehicle has already been made and because the valuation of travel time 
occurs. By being able to perform another activity in the vehicle while traveling, such as reading 
or writing, users of this technology may be more willing to travel longer trip distances than they 
consider when having to drive themselves. Overall, there would be incentives to travel greater 
distances from home to work, increasing pressures on the territorial growth of the city and its 
expansion over the urban boundary.

4.2. Scenario 2: business model in favor of on-demand shared 
autonomous vehicles (SAVs)
As we have seen in the literature review, Milakis et al. (2020) state that one possibility for 
implementation is to offer an on-demand or mobility-as-a-service scheme. This would occur in 
a similar way to private transportation applications such as Uber, Lyft or Didi but with driverless 
vehicles circulating 24 hours per day in service fleets. In this scenario, on-demand SAVs are 
expected to be the predominant model in the city with private use of AVs playing a marginal 
role.

Let us assess the performance of this scenario on the five variables.

4.2.1. Accessibility

AVs have the potential to improve accessibility to transportation and opportunities for a wide 
swath of the population living in the urban periphery; an area of the city that concentrates 
lower-income households and young households, where mobility needs are not met and where 
the urban environment is not friendly to its residents. It is in these contexts where the adoption 
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of a mobility-as-a-service or on-demand business model would have a positive impact. The data 
we analyzed in this research show that lower-income households in the urban periphery are 
forced to purchase a private vehicle or face long and costly commutes. A shared fleet feeding 
into public mass transit would improve accessibility to employment, education and leisure for 
the most socially disadvantaged households, increasing spatial justice in the city. In a shared 
service model, higher income households living in the central areas of Monterrey would also 
see improvements in their accessibility levels by being able to count on an on-demand service 
that meets their mobility needs.

4.2.2. Modal split

The mass transit system does not have sufficient coverage to provide service to the most socially 
vulnerable areas of the urban periphery. In Monterrey, the mass transit system is underutilized 
due to the lack of feeder routes from the periphery. As a result, public transport loses passengers, 
to which corresponds a cutback of routes and units, thus worsening the situation and forcing 
more people to switch to private vehicles as their preferred mode of travel. AVs on demand 
could offer an affordable service in residential areas of the urban periphery without public 
transport coverage in shared units that feed the mass transit services of the subway and BRT. 
This would generate a positive effect, as demand would increase and the proportion of trips by 
public transport would increase. In this way, an increase in the modal split of public transport 
could be anticipated.

4.2.3. Regulatory policy

The state government has the authority to regulate public transport and the feeder routes of 
mass transit are concessioned to private companies, including fares. The state government 
has also regulated the operating permits of on-demand services such as Uber or Didi, charging 
fees to the platforms or their drivers in the form of licenses. Under an on-demand SAVs model, 
it is foreseeable that this regulatory framework will be adapted in order to concession feeder 
routes with autonomous vehicles to private companies. There are at least two models that 
would be an extension of the current situation: concessions to transportation companies that 
provide the service, or regulation to a technological platform whose drivers cover routes on 
demand and independently.

4.2.4. Multi-sector alliances

The government of the federal entity that regulates Monterrey does not have the financial 
capacity to provide on-demand service as a public service. Historically, mass transit feeder 
routes have been concessioned to private individuals due to the lack of financial capacity of 
the state coffers. It is foreseeable that the government will need public-private partnerships 
to provide a shared public vehicle model. There are already several partnership models 
that will need to be considered and evaluated; residents will need to be actively involved in 
building transportation solutions. There will be cases where residential density (demand for 
transportation) is not sufficient to cover the operating costs of a shared service. However, in 
these cases, the feasibility of a public subsidy should be analyzed, justifiable by the improved 
accessibility conditions it would provide to residents of the urban periphery.
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4.2.5. Urban form

Increased use of public transportation and less reliance on private vehicles can help to reduce 
miles traveled and slow expansionary pressures on the territory. In addition, the provision of 
better connectivity and improved levels of accessibility in the periphery can help the consolidation 
of new employment and service sub-centers in these areas, thus favoring densification and the 
transition to a polycentric city that reduces road congestion in the central area by new trips 
along corridors in the urban periphery. In an on-demand model with a charge per kilometer 
traveled, economic incentives would be generated to travel shorter distances and encourage 
this densification.

Table 5. Future scenarios and performance on five variables

Variables Scenario 1: Private Use Scenario 2: On-demand SAVs

Accessibility

Middle- to higher-income households 
- and those generally living in the best-con-
nected area - would see gains in accessibil-
ity and mobility. Accessibility levels for low-
er-income households remain unchanged.

A shared fleet that feeds mass transit 
would improve accessibility to employ-

ment, education and leisure for the 
most socially disadvantaged households, 

increasing spatial justice in the city.

Modal split

Lower-middle and low-income house-
holds will continue to be forced to 
purchase a private vehicle to meet 

their daily mobility needs.

On-demand AVs could provide an 
affordable service in residential 

areas on the urban periphery with-
out public transport coverage in 

shared units that feed into the metro 
and BRT mass transit services. 

Regulatory policy

The most important regulations in 
this adoption model have to do with 
the adaptation of traffic regulations 
to address civil and criminal liability 
in case of accidents involving AVs. 

The adaptation of the transportation 
regulatory framework in order to conces-
sion feeder routes with autonomous ve-
hicles to private companies is foreseen.

Multi-sector alliances

Levels of coordination between vehicle 
distribution companies and the authorities 
are anticipated in order to solve intersec-

tion, traffic light and roadway adjustments. 

It is foreseeable that the government 
will need public-private partnerships 

to provide a shared public vehicle 
model; in addition, residents will have 
to actively participate in the construc-

tion of transportation solutions. 

Urban form

There would be incentives to travel 
longer distances from home to work, 
increasing pressures on the territo-
rial growth of the city and its expan-

sion over the urban boundary.

With a per kilometer charge, eco-
nomic incentives would be gen-

erated to travel shorter distances 
and encourage densification.

Source: prepared by the authors.
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In summary, and as can be seen in the comparison in Table 5, the social benefits are greater 
under a scheme that prioritizes shared fleets over AVs for private use. However, a rigorous 
financial and business analysis is still needed to compare the adoption of both service models. 
In this sense, the role of the government is key so that the search for greater spatial equity 
favors means of transportation for lower-income households. A detailed analysis of this model 
would be a pending subject for future research. At this time, information about the possible 
fares or cost of vehicles is still incipient to build on this variable in both scenarios. Finally, the 
following section addresses the issue of road safety, which is independent of the adoption 
scenario and applies to both types of ownership models.

4.3. Road safety and public policies to ensure it: prioritization of 
pedestrians and non-motorized means of transport
Regardless of the service model with which the technology is adopted (shared vehicles on 
demand or with private vehicles), there is still a need to generate a safe and comfortable urban 
environment in the periphery for pedestrians and non-motorized mobility schemes. The latter 
will not be achieved by the market alone; the intervention of the public entity is required to 
regulate and carry it out. Let us remember that the 2020 Autonomous Vehicle Adaptation 
Index, created by the consulting firm KMPG, places Mexico in 28th place out of 30 countries, 
just behind Chile in 27th place and two places ahead of Brazil in the 30th place; these are 
the only three Latin American countries ranked. Of the four categories taken into account - 
Consumer Acceptance, Infrastructure, Technology and Innovation, and Legislation Policies 
- Mexico’s low scores stand out in three categories: Infrastructure, Policies and Legislation, 
and Technology and Innovation. This assessment is reflected in the indicator “Industrial and 
political agreements with new technologies”, in which Mexico received 0.0 points given the low 
adaptation of government entities to cutting-edge technologies. This means that our country 
will have to adapt much of its legislation and infrastructure for AVs. 

The literature indicates that, in the first place, the implementation requires a series of regulations 
and adaptations of the urban environment to make it safe in terms of road safety and to avoid 
accidents resulting from automation. These updates and adaptations should focus not only 
on solving the needs of the new technology, but also on taking advantage of the opportunity 
to generate more equitable urban environments in the urban periphery. For example, they 
represent the possibility of building sidewalks, improving the equipment of public spaces or 
enabling safe crosswalks, i.e., they can serve to improve existing and deficient environments 
due to the rapid urbanization process that has occurred in the periphery. However, these 
adaptations will not be solved by the market; the regulation and intervention of the public entity 
is required to incorporate a social and spatial justice agenda when dealing with the changes in 
the urban environment derived from the adoption of AVs.
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This research work has addressed the issue of AVs in the case study of Monterrey, an unequal 
city with declining public transportation and high dependence on private vehicles. Monterrey 
presents a pattern of socio-spatial segregation that can be found in other Latin American cities: 
a concentration of lower income households - with a majority of young households - in the 
periphery that face difficulties in mobility and access to services. In addition, the State has 
shown limitations in the provision of transportation and territorial management of the urban 
periphery, which is the area of greatest demographic growth, to ensure spatial equity and 
social welfare. In this context of urbanization, the technological deployment of AVs can either 
deepen these conditions of inequality or have a positive impact on lower income communities. 
The technology itself does not imply a social or ethical dilemma, but rather the business and 
regulatory model with which it is adopted and whether it will maximize its benefits and mitigate 
its challenges.

As documented in the literature review and in the case study of Monterrey, the ethical dilemmas 
that have to do with the changes that AVs would promote in urban form and design and their 
relationship with social elements have not yet been furthered (Harb et al., 2021), but we know 
that changes in urban design and form are generated with every technological change. With the 
advent of AVs, some questions remain: How will they transform the way people live in the city? 
How will these changes affect its physical form? and How will the results allow us to achieve 
values of social equity and the right to the city?

The market by itself will not necessarily help close the spatial and territorial justice gap 
because, in a city like Monterrey, the first adopters of AVs will be the residents of the most 
affluent areas. These early adopters will influence the business model to be established, and 
their communities will be the first to adapt their street and road infrastructure for this type of 
technology to circulate. For this reason, the State and citizen participation are very important 
so that the market and the AVs business model turn to look at the urban periphery to allow this 
technology to make an improvement in socially disadvantaged communities.

Based on what has been presented in this article, two aspects of the technology can be identified 
as having transformative potential to achieve a more equitable territorial development in the 
city: 1) adopting the scenario of on-demand SAVs, and 2) taking advantage of the changes in 
infrastructure that the new vehicles will require to improve the environments in the urban 
periphery. Regarding the former, an on-demand model can generate favorable conditions 
for leveraging existing public mass transit and optimizing accessibility for households in the 
periphery; this would occur by employing fleets of mass transit feeder AVs from residential 
areas to public transit stations. Regarding the latter, if AVs will require adjustments to the urban 
environment for their safe circulation, these future interventions should be used to generate 
more friendly environments for pedestrians and the vulnerable population in the periphery 
and not only to make adjustments to the existing environment for a new type of vehicle. To 
the extent that these two elements are met, AVs will have the potential to generate fairer cities. 
In addition, we must not forget that the right to the city and citizen participation are indispensable 
elements to materialize this opportunity offered by AVs. If this is not taken into account, we 
anticipate greater social disparity and spatial inequality increased by the differentiated access 

5.  Conclusion
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to opportunities given not only by the place of residence, but also by the type of vehicle and 
mode of transportation.

In conclusion, it is worth noting that future research is needed to define a regulatory framework 
for the adoption of AVs, analyze the implications for street design, conduct studies on the 
willingness of citizens to use this mode of transportation and further explore their needs, 
verifying that the proposed business model addresses their concerns. All of this in order to carry 
out simulations to determine the feasibility of the proposed solution and, finally, to establish 
cost schemes, public subsidies and investment plans. Perhaps the implementation will actually 
consist of a mix of the models, and a combination of elements of both forms will be discerned.
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