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Abstract
Autonomous vehicles of varying levels are already a reality for several major U.S. cities.
This technology has implications of an economic, ethical, and environmental nature, and
will likely disrupt the landscape of city and regional transportation planning processes for
years to come. This report builds upon existing literature on the predicted ramifications of
autonomous vehicles to identify similarities and discrepancies between autonomous vehiclerelated transportation planning documents for the San Francisco Bay Area and the personal
perceptions of planners themselves. This is done via document and interview analyses, based
on publicly available planning documents and the interviewing of four Bay Area planning
professionals. The research problem and its findings are framed with the theory on the multilevel perspective on socio-technical transitions, as a way of understanding how a technological
change comes about in society, particularly a technology which disrupts the current stable
regime of the gas-powered automobile. The results of this study show that of the planning
documents that cover autonomous vehicles, the content is predominantly in line with the
viewpoints of the planners, most evidently on the themes of autonomous vehicle technology
itself and its potential impacts on social equity and public transit. The future stable regime
of a new smart and sustainable mobility paradigm can be one of an equitable, safe, efficient,
and streamlined transportation system that leverages ICT to achieve regional goals, driven
by a shift in the landscape that is sparked by the autonomous vehicle. In this new paradigm,
it will not be the gas-powered automobile which characterizes the stable regime, but it will
likely not be characterized by the autonomous vehicle either - rather, the autonomous vehicle
must be but one well-functioning part of a revitalized entire transportation network.
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Chapter 1
Introduction
Today, more than half of the world’s population lives in cities, and by 2050, 2.5 billion
people, or 70% of the world’s population, are projected to move to urban areas covering
less than 2% of Earth’s surface (United Nations, 2018). From economic vitality to people’s
well-being and way of life, the way in which we design and build our cities lies at the heart
of these challenges. At the same time, urban growth and human behaviors formed from the
time of the first and second Industrial Revolutions have contributed to a massive climate
change, the effects of which are being felt all across the world. Increasing temperatures,
more extreme weather patterns, and rising sea levels are but a few of the severe impacts that
unsustainable human development has generated. Considering that transportation accounts
for the environmental impact of 28% of U.S. greenhouse gas emissions (U.S. EPA, 2018b)
and the interwoven nature of the transportation network into every city’s framework and
development in social well-being, sense of community, and connectedness, this makes for an
intriguing area for a deeper study of its current trends, challenges, and possible solutions.
From around the period of the second Industrial Revolution, the U.S. was beginning to develop rapidly with the introduction of the automobile, mass manufacturing, and electricity.
At the turn of the last century, the way in which cities were planned and designed transformed dramatically, as they catered to the personal vehicle. The revolution of the car made
it more attractive for people to live further away from their jobs, given their greater freedom
in mobility. However, the automobile, arguably more than anything else, changed our land
use patterns, leading to urban sprawl, low density development, and more highways. Today,
private car ownership levels have reached a high since 2008 (UMTRI, 2013), according to a
study performed by the University of Michigan Transportation Research Institute. At the
same time, public transit ridership decreased in 31 of 35 metropolitan areas in the U.S. in
2017 (Siddiqui, 2018), as was found by the New York-based TransitCenter advocacy group,
using data from the U.S. Department of Transportation’s National Transit Database. While
many connected factors are at play such as temporary dips in fuel cost, increased teleworking, and the rise of alternative modes such as ridesharing, there is no doubt that there is
a continued ripple effect of issues such as further pollution, traffic congestion, and mobility. These problems associated with urban sprawl continue in a feedback loop with current
urban development trends. It is well documented in urban planning literature that catering to private car only exacerbates congestion and urban sprawl, resulting in the question
of why traditional planning practices continue to invest in business-as-usual plans that are
proven not to work. This necessitates a new paradigm of planning, from the way city planning problems are understood, to the methods and processes carried out to execute solutions.
8
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Many governments around the world, from Songdo in South Korea, to Stockholm and London (Wakefield, 2013), are increasingly infusing technology into their city operations. Smart
cities leverage technology to serve people, are built for users, and start with an information
network designed to optimize resources and thereby promote sound, sustainable development.
With applicability from public transportation and power supply to IT connectivity and citizen participation, smart cities cannot be achieved by a patchwork approach, but rather, by
the adoption of well-thought-out incremental changes (Iqbal et al., 2018). Smart cities are
hyper-connected cities, technologically equipped with the development of new technologies
such as the internet of things (IoT) and artificial intelligence (AI) to offer a multi-faceted
solution to improve the lives of their residents.
In the current age of exponential technological growth, we are entering a second revolution.
Autonomous vehicles represent an “unknown” - they could be very beneficial to society, or
detrimental. Will this technology help to reduce the number of cars on the road? Will it reduce GHG emissions? Can they work successfully in conjunction with public transit? What
kind of cities do we want and how can AVs help us get there? There is extensive research
and ongoing discussions surrounding the technological and ethical obstacles and implications
of AVs, but there is minimal research on secondary impacts, namely, how AVs will impact
our cities, communities, and way of life. How AVs may affect land use, what parts of the
city we live in, neighborhood and street design, and mobility have far more significant and
compounding effects than the addition of a new technology in isolation.
The metropolitan region of the San Francisco Bay Area in Northern California is a leading
hub of technological innovation in the field of automated driving and AI (Marr, 2018),
giving rise to new opportunities and applications of technology to improving the efficiency
of transportation across this nine-county area. A major economy and driver for the Bay
Area’s recent exponential growth is Silicon Valley, located in the southern San Francisco
Bay Area and which serves as a global center for high-tech innovation and development.
With its dense concentration and reputation for entrepreneurship and technology, it can
be seen why this region plays a major role in predicting the future growth of the Bay
Area from a social, economic, and cultural standpoint (MTC, 2018). The unique setting
of the intersection of an environmentally progressive city with the surrounding technology
industry makes the Bay Area an interesting case to delve into how autonomous vehicles are
perceived and planned for. Additionally, the planning profession is one which in dealing with
long-lasting assets and infrastructure, is often typically characterized by business-as-usual
practices which do not too largely deviate from the status quo. This report serves to make a
comparative analysis between how autonomous vehicles are currently worked into long-range
transportation planning efforts for the Bay Area and the perceptions of individual planners
themselves. The methodology first consists of the analysis of publicly available documents
concerning the current regional planning efforts around autonomous vehicles, followed by the
collection of interviews with transportation planners in the Bay Area working directly with
this issue. The overarching research question that this report aims to answer is as follows:

1.1

Research Question(s)

How does the current integration of autonomous vehicles into regional transportation planning strategies in the Bay Area compare to the personal perceptions of transportation planChapter 1
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ners directly working on autonomous vehicles in practice?

1.1.1

Research Sub-Questions

1. What are the focal points on the topic of autonomous vehicles in Bay Area regional
transportation planning documents?
2. What are the focal points on the topic of autonomous vehicles as identified by Bay
Area transportation planners involved in their planning and research?
3. What common or counteracting themes can be drawn between what is found in the
regional transportation planning documents versus the perceptions of the individual
planners?
Through addressing the questions and topics raised above, it is hoped that this report provides a perspective on the value of considering the potential of the role of the planner in
future smart cities of which autonomous vehicles have a major presence. As AV technologies
and the concept of smart cities advance and become more widely accepted, along with the
evolution of contemporary planning practices, the findings of this study provide a simplified
description and analysis of the possible challenges of implementing a technology such as AVs
on a regional scale so that other agencies looking to test these technologies may do so with
vigilance.

1.2

Structure of the Research Report

This research report is structured around a central research question and three sub-questions,
as presented above. Following is the Motivations and Background for this research, describing
the inspirations for this study and interest in delving into the topic of autonomous vehicles
in regional transportation planning. The next chapter is the Literature Review, which bases
off of existing literature on the relevant topics surrounding the research question, and is
comprised of the following four sections: smart cities, the impacts of autonomous vehicles
on transportation planning, governance and a sharing economy, and urban mobility change.
Next is the Theoretical Framework, which focuses on the theory of the multi-level perspective on sustainable transitions to form the lens through which the methodology and analysis
are based. Then, the Methodology chapter justifies the case study as the chosen research
method, describing the data collection sources and analysis methods applied, as well as the
research design.
Prior to the analytical portion of the report, a chapter on the San Francisco Bay Area is
presented to give a brief overview of the region’s characterizations of demography, economy,
and transportation network. The Results chapter is the analytical portion of the research,
broken into three sections corresponding to the three sub-questions above, and are identified
as the sections of document analysis, interview analysis, and the comparisons between the
findings of the two. Finally, the Discussion chapter reports on the summary of the results
and their evaluation and interpretation in light of the relevant literature and theory, and the
Conclusion provides a closing statement on the research, and comments on possible areas
for further research.
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Chapter 2
Motivations and Background
The mention of autonomous vehicles triggers imaginations of a fantastical future, where one
can seamlessly go about their daily lives of commuting, traveling, and accessing services in
a comfortable, efficient, and safe vehicle on an un-congested roadway, all while enjoying the
economic and psychological benefits of abandoning private car ownership. While the realities of such an imagination are likely decades away, there is much research being done on
the technological advancements and ethical implications of autonomous vehicles of various
types in the near future. Despite this, there exist considerable gaps both in the academic
sphere and in the public discourse of how the current research on autonomous vehicles is
being addressed at city and regional levels. As with the original adoption of the automobile, the disruption of society, the urban, and people’s way of life that autonomous vehicles
will generate is amplified by the rapid pace of technological innovation today, coupled with
global impending issues of climate change and limited natural resources. Autonomous vehicles have the potential of increasing roadway safety and transportation access for those
unable to drive, and if planned for strategically, can help cities and regions to achieve Vision Zero and smart city goals. However, it is only with comprehensive, multi-disciplinary,
and collaborative planning that autonomous vehicles will likely be implemented in such a
way to realize such visions while mitigating the potential negative effects in our communities.
With these issues in mind, the inspiration for this research is to delve into how planning
agencies are currently discussing a future Bay Area with autonomous vehicles. A typical
comprehensive plan, or long-range plan, is intended to direct the growth and physical development of a community in the time frame of the next 20-30 years. The Metropolitan
Transportation Commission (MTC) and Association of Bay Area Governments (ABAG) in
San Francisco recently developed a new initiative, called Horizon, to explore the issues and
challenges concerning Bay Area residents today, looking forward through 2050. With this
initiative in mind, MTC and ABAG in 2017 finalized the Plan Bay Area 2040, which focuses
on transportation and land use strategies for the nine-county San Francisco Bay Area for the
next two decades, to grow the region into a more sustainable, equitable, and economically
vibrant future. Given this forward-thinking and mission-driven regional plan, it interested
me to understand how this plan includes autonomous vehicles in its vision and language.
Further, how do transportation planners themselves perceive autonomous vehicles in the
future Bay Area, and how do these views align with or differ from the publicized regional
planning documents?
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Chapter 3
Literature Review
The purpose of this chapter is to identify and explore the relationships between major concepts surrounding rising autonomous vehicle technologies and forward-thinking city and region urban development goals. In doing this, the chapter will establish the primary lines of
inquiry of integrating autonomous vehicles in the field of regional transportation planning.
This chapter is structured into four sections. In section one, the main outlines of smart
cities are reviewed through four aspects: mobility, connectivity, security, and sustainability.
In section two, the literature pertaining to the current developments in autonomous vehicle
technologies is discussed with an eye toward examining, among others, issues of technological
development and barriers, as well as the purported potential benefits and negative impacts.
Section three outlines looks into the role of governance in autonomous vehicles examining the
specific facets of equity and the current state of policy. Finally, in section four, it is outlined
how urban mobility change comes about, specifically, a more smart mobility paradigm. This
chapter ends with a final summary which describes the linkages between the four sections,
with the second purpose of introducing the theoretical framework this research adopts.

3.1

Smart Cities

Today, rapidly evolving technologies in transportation and communication have begun to
shape the pulses and pace of many cities and regions where the mission of sustainable development has driven changes in social, cultural, and economic life (Freudendal-Pedersen
et al., 2019). There is no one comprehensive definition for what constitutes a ”smart city”,
as there can be no single template for the framing of a smart city given the wide-ranging
levels of urban development and characteristics of cities in the world (Albino et al., 2014).
One possible reason for the ambiguity in definition of a smart city is that the term has been
generally applied to two different types of ”domains”: ”hard” domains such as buildings,
natural resources, and mobility where Information and Communication Technologies (ICTs)
can play a crucial role in the functioning of its systems, and ”soft” domains such as culture,
innovations in policy, and education where the uses of ICT are not usually conclusive (Albino
et al., 2014). Therefore, in the assessment of the smartness of a city, an assessment should
be customized to each city’s vision and priorities.
In many modern cities, there has long been the production and use of large datasets as a
result of ICT, that provide information about cities and their citizens, for instance in the
form of government records, national censuses, and geomatic surveys (Kitchin, 2014). V.
Albino et al. define a smart city as a city ”where investments in human and social capital
12
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and traditional transport and modern ICT communication infrastructure fuel sustainable
economic growth and a high quality of life, with a wise management of natural resources,
through participatory governance” (Albino et al., 2014,pg.6). It can be seen that it is in
how ICT is used in conjunction with human capital to leverage growth and effect urban
development to make a city ”smart”. For the purposes of this report, a smart city is defined
as the application of a wide range of electronic and digital technologies in order to leverage
ICT in a city’s infrastructure to enhance innovation, city operations, and quality of life.
This section of the literature review on smart cities is broken down into four points of focus
identified as particularly important for the purposes of the case study on the San Francisco
Bay Area: mobility, connectivity, security, and sustainability.

3.1.1

Mobility

Mobility is defined by Iqbal et al. as the moving of people, goods, and information effectively
and efficiently (Iqbal et al., 2018), and can be seen as the lifeblood of our cities. Thus, smart
cities must necessarily deal with the transportation network, where cities and regions are
grappling with the challenge of taking a century-old public transport network and bringing
it up to today’s standards, while also embracing the technological changes emerging and
transforming it into an inclusive, accessible public transport network that all people can
access regardless of socio-economic class, geographic location, or physical capabilities. High
quality and more efficient public transport which responds to a city’s economic needs and
connects labor with employment is considered a vital factor for city growth (Albino et al.,
2014). Smart mobility then can be defined as the use of ICT in modern transport technologies to improve traffic in urban contexts. Smart city technologies are enabling more
sustainable transport modes to become increasingly competitive, trending towards a shift
away from dependence on the privately owned car (Newman and Kenworthy, 2015). It is
evident that for many urban passengers, public transport only addresses one portion of their
daily commuting necessities, as they are also increasingly making use of new options such as
ridesharing, cycling, scooters, and demand-responsive travel modes in order to circumvent
last-mile issues and public transport delays (Nisenson, 2017). Mobility as a Service (MaaS),
is one smart city solution that is travel mode-agnostic, leveraging data to enable passengers
to choose from and use multiple forms of transport as a packaged service. Other forms of
new technologies that many cities have begun to introduce include autonomous vehicles,
ridesharing, and car-on-demand schemes (Meila, 2018). These trends alongside disruptions
in distributed power generation, urbanization, and investments in public transport are beginning to transform today’s mobility systems.
Managing urban mobility is one of the most complex challenges cities face today, as smart
transportation is not without its own obstacles. The digital information systems emerging
in cities have the potential to evolve cities away from automobile dependence, or otherwise
continue to perpetuate this dependence (Newman and Kenworthy, 2015). Even alternative
transport options such as ridesharing is not always the best solution, as it does not always
ensure optimal occupancy of vehicles and is often a source of conflict with regular local
transport operators (Meyer and Shaheen, 2017). As well-designed transportation networks
are a key factor in the economic welfare of major cities, the design and planning of these
systems necessitates a quantitative understanding of traffic patterns and human behaviors
(Silva et al., 2015). How mobility in future cities will look also depends on population
Chapter 3
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density, infrastructure, and the wealth of the inhabitants (Meyer and Shaheen, 2017). Additionally, it also hinges on the assimilation of technology trends, and how these work to their
best ability in each city. Therefore, regardless of the level of technology a smart solution
to mobility may advertise, there are repercussions such as continued dependence on fossil
fuels, induced traffic congestion, and a greater wealth disparity caused by the difference in
accessibility of mobility services that must also be considered.
Mobility in a smart city seems to be trending towards transportation as part of a sharing
economy, where in lieu of paying separately for public transit tickets, shuttles, bike-sharing,
and other forms of transit, consumers will be able to buy packaged mobility contracts from a
variety of service providers (Zavyalova, 2017). Continuing along this trajectory, the concept
of personally owning a vehicle and the necessity of a driver’s license to operate one may
become redundant. The autonomous vehicle is expected to be a major player in the new
mobility era, in which carmakers and software providers compete for market dominance,
which may bring about a further shift away from vehicles as owned assets (Krasniqi and
Hajrizi, 2016). In this sharing economy, ridesharing in an AV could potentially provide
an on-demand door-to-door service that is up to 60% cheaper than owning one’s own car
(Meyer and Shaheen, 2017). Advancements in technology for smart mobility are not limited
to connected vehicles and AVs, however, as new systems where active transport, transit,
and technology work cohesively together on a platform of optimized city design (Nisenson,
2017). For example, transport hubs in underserved urban communities designed to aggregate
mobility options widen the benefits of transit-oriented development to more areas. Designed
optimally, such hubs can increase accessibility to riders and reduce congestion by directing
traffic away from intersections.

3.1.2

Connectivity

Connectivity can be seen as the foundation of a smart city, with real-time data about people,
places, and their interactions collected on a large scale and stored on cloud servers to be
analyzed and used to make better-informed planning decisions (Krasniqi and Hajrizi, 2016).
A city cannot be considered ”smart” unless it is connected, and this consists of a system
that unites the utilization of ICT, an Internet of Things (IoT) network, and data analytics
(Iqbal et al., 2018). The IoT is changing much about the world and urban areas we live
in, where sophisticated sensors and chips embedded in the infrastructure and devices that
surround us communicate with each other and generate valuable data (Iqbal et al., 2018).
Park et al. broadly characterize IoT as the ability to provide valuable and useful information
through diverse user devices through wireless and wired Internet networks (Park et al., 2018).
Whether giving residents real-time updates on where to park or monitoring traffic incidents
on freeways, it is the common IoT platform that brings diverse information together and
provides the common language for the devices and apps to communicate with each other
(hoon Kim et al., 2017). As the IoT becomes more prevalent and as more things become
connected to the internet and each other, this will have significant implications for smart
city development. In looking at connected and autonomous vehicles, there is a connected
piece that requires both wireless and wired connectivity.
A smart city can be imagined as a future where vehicles talk to one another and to critical
infrastructure. In the 1970s, electronics only made up 5% of a vehicle’s content; today that
portion has risen to 40% and increases (DSM Engineering Plastics, 2017). Cars’ growing in14
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telligence is becoming synonymous with digital connectivity, and to keep up with this trend,
forward-thinking companies are developing new products with connectivity in mind. Connected vehicles aim to promote safer and more efficient driving through use of technologies
such as collision avoidance systems, on-board GPS, and remote diagnostics (Fang, 2015).
This connected vehicle technology can change our transportation system as we know it by
enabling safe and networked wireless communications between vehicles, infrastructure, and
personal communications devices. With the development of the autonomous vehicle, the
IoT transforms the automobile industry, and vice versa, as software developers are provided
a boost for innovation (Krasniqi and Hajrizi, 2016). Further benefits are achieved through
connected transportation systems and vehicle-to-Vehicle (V2V) communications, enabling
vehicles to ”talk” to one another to minimize hazards and the potential for accidents. The
National Highway Traffic Safety Administration (NHTSA) estimates that V2V technology
could prevent more than half a million accidents and save more than 1,000 lives each year
in the U.S. (NHTSA, 2016). While a future with fully autonomous vehicles may be decades
away, the possibility of connected vehicles to promote safer roads, decrease traffic, and reduce GHG emissions makes a case for further development of these technologies.
A smart city is also characterized by its physical connectivity, enabling a more seamless and
optimized environment for encouraging multi-modal behavior and shifts away from singleoccupancy vehicle (SOV) reliance. In the U.S., issues in physical connectivity of mobility
such as the first- and last-mile are being addressed with the assistance of local and federal
active transportation programs in response to public demand (Government Accountability
Office, 2018). As a result, many cities and metropolitan areas have made great improvements
by facilitating walking, access to public transit, bicycling, and shared modes. However, the
harsh reality is that for many people, driving as the main mode of commuting is still a
necessity, whether in terms of cost, time, or the practicality of alternative modes. For
this population, most cities’ transportation networks are greatly fragmented, and the cost
of re-creating the urban landscape for the automobile is prohibitive (Lioris et al., 2017).
Thus, the smart city approach to this gap lies in the investment of funds into a more fully
integrated transportation system using the provision of real-time data to travelers with
streamlined electronic payments across various modes of transit to make traveling around
the city cheaper, more efficient, and more convenient (Cardenas-Benitez et al., 2016).

3.1.3

Security

The delivery of services in a smart city requires the ability to understand the city and its
moving parts and to gather data on the environment, infrastructure, incidents, and residents.
Thus, a rise in the use of smart technology requires improvement of public and private security, data protection, and cyber-security (Mijac et al., 2017). However, with the benefits
of the spread of the IoT, inevitably brings risks to data security and privacy. Some of the
implications inherent to the IoT include vulnerability to hackers, concerns of user privacy,
and uncertainty as to the entirety of what given devices and technology are capable of doing.
According to AT&T’s Cybersecurity Insights Report, 85% of enterprises are either in the
process of or plan to utilize IoT devices (AT&T Business, 2019). Despite this, only 10%
are confident in their capability to secure devices against hackers. Bibri argues that it is up
to urban policy and governance practice associated with the ”design, development, deployment, and implementation” of smart technologies to ensure security measures are prioritized
(Bibri, 2018).
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Regarding the security of smart mobility solutions, connected cars and autonomous vehicles
can pose threats to privacy, not only from the data collected by the vehicles themselves,
but also to physical safety of the passenger when not properly secured. A 2016 Spireon
survey showed that despite an interest in connected cars among 1,000 participants, 54% of
participants said they had not actually used connected car features (Spireon, 2016). Any
attempt of unauthorized access, abuse of information, or malicious attack on infrastructures,
people, or facilities can greatly compromise the integration of smart city solutions. In the
end, the ability to secure the generation, delivery, and sharing of data requires organizations
to continuously identify and monitor how that data should be used (Kirby, 2017). For AVs,
it is not only the automobile manufacturers who hold the responsibility in guaranteeing
security, but also the dealership, developers of aftermarket services, and even the customer.

3.1.4

Sustainability

Sustainability is a major pillar of smart cities, as sustainable practices involving critical issues of transportation, economic stability, and natural resource consumption drive the need
for the innovative solutions that smart cities can offer. Cities inherently rely heavily on external resources, and the promotion of sustainability has often been interpreted through the
advocacy of natural capital stocks (Albino et al., 2014). More recent interpretations of urban
sustainability have promoted a more anthropocentric perspective, wherein cities are seen as
needing to respond to the needs of its people through sustainable solutions for social and
economic aspects (Turcu, 2013). In addition to sustainable planning of physical structures
such as public transportation, parks, and streets, the IT infrastructure must also be designed
to last and develop over time (Bibri, 2018). Thus, in order to handle global challenges in
diverse fields of energy, transportation, and public health, the IT infrastructure must be
tailored to promote collaboration across many different industrial and societal sectors.
When ICT for cities is planned for new development today, it is typically done actor-by-actor
or field-by-field, creating a patchwork of communication networks of various kinds with hindrances to collaboration or open competition(Isenhour et al., 2015). Truly smart cities are
instead built on shared infrastructures, even for ICT. Much like a typical road infrastructure
is built to carry vehicles of different kinds for varying purposes, an ICT infrastructure should
be capable of serving many different actors and providing services and technology for a multitude of reasons; one of the most evident advantages to parallel systems is a lowered cos from
development and construction, to deployment and even disposal (Bibri, 2018). This type of
infrastructure enables an environment of innovation, where collaboration and competition
is stimulated, and barriers for new actors to offer services are lowered significantly (Mijac
et al., 2017). Thus, the leading issues of the smart sustainable city involve facets of everyday
life and the processes that define a given urban problem, the interrelation of problems and
solutions to the function of a dynamic city, and the issues that emerge in relation to current
plans for possible improvements. The philosophy of sustainability in smart city planning
requires systems thinking in order to deal with this complexity, as well as making citizens
aware of upcoming changes by focusing on conscious behavioral change.
The mobility sector is a significant portion of the challenges cities face, as urban transformation coupled with aging infrastructure and its demand for capacity increases. With
goals of reducing carbon emissions, fighting climate change, and seeking alternative energy
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sources, many cities have begun to place a higher priority on active modes of transport as
a trend of shifting urban space back to the people (Gehl, 2010). Smart sustainable cities
take this a step further, leveraging ICT to match users with on-demand vehicles, enable
sharing of products and services such as bicycles and scooters, and advancements in the
synergy between land use, transport, and telecommunications systems (Meila, 2018). How
true sustainable mobility will look on an everyday basis is characterized by mobility which
is safer, more fluid, more convenient, more accessible, and friendlier to the environment. In
the U.S., a national program for GHG emissions and fuel economy standards for passenger
cars and trucks was developed jointly by the Environmental Protection Agency (EPA) and
the National Highway Traffic Safety Administration (NHTSA) (U.S. EPA, 2018a) to enable
the production of a new generation of clean vehicles. Researchers, planners, and financial
institutions are also contributing to this debate (Arup, 2014). Many cities agenda for smart
sustainable mobility is roughly based on three key concepts: First, encouraging soft travel
modes such as walking and cycling, so people can easily switch between transport modes
while also improving access to public transport. Second, improving connections between
different types of transport by using a common ticketing system and smart information systems that optimize multi-modal journeys. And finally, designing vehicles that consume and
pollute less, and are less dependent on fossil fuels (Iqbal et al., 2018).

3.1.5

Smart Cities Summary

In summary, smart cities, and more specifically, smart mobility is not only about technology. It is about leveraging technology to move people and goods in ways that are safer, more
efficient, and more enjoyable than the systems we now have in place. The interconnections
between mobility, connectivity, security, and sustainability are, as the preceding sub-sections
have indicated, complex and deeply entangled with one another. Urban development strategies towards smart cities must take into account that the relationships are not fixed, but
rather dynamic, and oftentimes highly unpredictable considering the factors of uncertainty
among the relations between the economic, social, political, and environmental systems.

3.2

Impacts of Autonomous Vehicles on Transportation Planning

The U.S. population is expected to grow by 78 million people by 2060, crossing the threshold
of 400 million by 2058 (Vespa et al., 2018), and to address this increased demand, it is essential to have greater collaboration in transportation planning. While the basic principles of
urban and regional transportation planning has remained generally unchanged for decades,
it has evolved into a more integrated process (Harding and Blokland, 2014). Transportation
planning typically sets short, medium, and long-term planning goals of roughly 5-10 years,
10-20 years, and 20-30+ years, respectfully, and growth projections and land use are used as
a basis for forecasting future transport demand (Bordenkircher et al., 2018). This demand is
then used to determine the required transport initiatives that address issues for each of the
included transport modes. The issue with this process is that future transport technology
and modes are generally assumed to be the same as they are today, without factoring in the
possible changes in travel pattern behaviors due to a disruptive change in transport technology, such as the introduction of autonomous vehicles. Much of the existing literature on AVs
focuses on the technology itself, but as a technology still in the research and development
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phase, there has not been ample research in how we plan for this eventuality in the future.
With researchers predicting widespread adoption of autonomous vehicles within the next
few decades, this will undeniably transform existing travel patterns, land uses, and the way
people interact with their built environments.
In June of 2017, 10 of the top 11 car manufacturers in the world said they would have AVs
to market by the year 2021 (Muoio, 2016). With the AV market crowding with a growing
number of players, some of the top leaders in the market include Ford (Tovey, 2016), BMW
(Etherington, 2017), Volvo (Gitlin, 2017), and Google (Marr, 2018). These vehicles will be
commercially available within five years, and could be commonplace in ten to twenty years,
which easily falls within our immediate to long-term planning horizons. While the deployment of AVs is no longer a question of ”if”, fully autonomous vehicle implementation will
take time and is predicted based on the pattern of previous vehicle features such as cruise
control, navigation systems, and airbags, all of which took a long time for wide-spread deployment (Krasniqi and Hajrizi, 2016). An autonomous vehicle can be defined as any vehicle
with features that allow it to accelerate, brake, and steer with limited or no driver interaction
(Krasniqi and Hajrizi, 2016). AVs can be divided into two different types: semi-autonomous
and fully autonomous. Semi-autonomous cars can accelerate, brake, and steer, but a driver
must be present and is still required to be in full control. A fully autonomous vehicle can
drive from point A to point B without requiring any interaction from a driver, and is thus
computer-driven. Further, the Society of Automotive Engineers has identified six levels of
autonomous driving; figure 3.1 illustrates the range of autonomous driving levels classifying a car’s capabilities. Many vehicles today are already being deployed with autonomous
functionalities, such as self-parking or auto-collision avoidance features (Murtha, 2015). The
U.S. government has adopted the SAE categories, which may mean that they will be used in
the future for informing regulations on production and testing, labeling cars for consumers,
and determining insurance rates. Most manufacturers will likely gradually phase in various
levels of autonomy until fully autonomous vehicles are widely tested and embraced by the
general public.

Figure 3.1: Five Levels of the Autonomous Vehicle. Source: (NHTSA, 2018)
The Google AV is an example of the powerful innovation synergies that develop quickly,
with the potential to reduce the number of traffic accidents and loss of life. Schoettle and
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Sivak have suggested that AVs could potentially reduce car ownership by 43% in the United
States, not including the added potential benefit of influencing the overall need for a car
once shared-travel options become more commonplace (Schoettle and Sivak, 2015). The
International Association of Public Transport (UITP) published a policy brief stating that
AVs must be shared fleets in order to work in tandem with public transport (UITP, 2017).
In the exploration of the possible impact of shared autonomous vehicles on urban parking
demand, Zhang et al. found that based on their simulation model, up to 90% of parking
demand could be eliminated (Zhang et al., 2015). This brief also states that the roll-out of
AVs can only be successful if governments and transport authorities take an active role now
in integrating AVs into an effective public transport network. Potential impacts on travel
and emissions, both positive and negative, remain under speculation, and further research is
needed in this area. Table 3.1 outlines some of the main pros and cons of the introduction
of AVs commonly discussed in literature.
Table 3.1: Potential Pros and Cons of Autonomous Vehicles

With many variables involved in the technological development of AVs, the potential implications are highly unpredictable in degree and benefit. For example, a widespread rollout of
autonomous and electric public transit or fleet-owned AVs working in tandem with transit
may greatly reduce vehicle miles traveled (VMT) as well as greenhouse gas emissions, having
the subsequent benefits of greater passenger safety and a more efficient and accessible transit
system (Arup et al., 2018). Conversely, AV usage dominated by TNCs utilizing fleet-owned
and gas-powered AVs may significantly increase VMT due to the convenience of the service
and the added freedom of making use of travel time not spent operating the vehicle, which
would in turn increase GHG emissions and could contribute to further urban sprawl as people become more willing to live farther out from the city center.
It is important to note that while TNCs are often referred to as providing ride-sharing or
ride-hailing services, these two terms are not interchangeable. Ride-sharing is synonymous
with carpooling, referring to the process by which a rider shares a vehicle with other riders,
while ride-hailing refers to the on-demand hailing of a vehicle by a rider, with the vehicle
not being shared with any other riders or making any additional stops along the route to
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the desired destination (Ecoland, 2018). Autonomous vehicles often symbolize a future city
with improved public health, a growing economy, and greater equity, by giving those without
the means to drive the opportunity to access various community services. However, with
a technology that has the power to disrupt a decades-old and deeply embedded industry
as the automobile, there is no doubt the adoption of AVs will have a significant impact on
the livelihoods of lower and middle class workers who depend on jobs such as truck and
taxi driving, transit operating, mechanics, and other positions supporting the automobile
industry, which have historically been stable lines of work (Newman and Kenworthy, 2015).

3.3

Governance, Equity, and the Current State of Policy

Planning is an inherently political and democratic exercise, as it is a means by which society
collectively decides what urban change should be like and how to achieve that vision involving a plurality of actors. In dealing with as complicated of a concept as smart mobility,
this also involves the political perspective of how the benefits and negative externalities of
such a transition will be governed (Finger and Audouin, 2019). The concept of moving away
from the traditional hierarchy of government towards the more flexible and networked mechanisms of governance involve various actors and sectors, public and private, with interests
and scopes of work at different scales. Docherty argues that in order for the currently imagined smart mobility transition to come about, it will require an equally extensive shift in the
governance of mobility so that the ”Smart Transition” delivers more public value (Dochertya
et al., 2018). While governance may refer to a variety of different contexts in the political,
economic, technical spectrums and so on, it can be characterized by the main three factors
of politics (e.g., actors and their power), polity (e.g., policy processes and institutions), and
policy (e.g., mechanisms and instruments) (Treib et al., 2007). The governance of urban mobility, which has experienced considerable changes in the past few decades, has been affected
by several trends: 1) strengthening of lower levels of government, 2) increasing diversity,
variation, and asymmetry in how regions are governed, and 3) increasing marketization of
the public domain (Treib et al., 2007).
Geels notes that one of the characteristic factors of an environmentally-relevant transition
is that strong input from the state is required as it is necessary in the changing of economic
frame conditions (e.g. taxes, regulatory frameworks, subsidies) (Geels, 2011). Along these
lines, managing transitions successfully also depends on the capability of the predominating
governance system to dynamic circumstances, and that through ”adaptive capacity” it can
be identified what must be changed in regards to necessary changes in policy interventions,
monitoring frameworks, and so on (Dochertya et al., 2018). A comparative case study by Lee
et al. on the implementation of smart city concepts in San Francisco and Seoul Metropolitan
City found that it is through the dynamic collaboration of public and private sector actors
in their activities and resources through an open innovation platform that effective smart
cities can emerge (Lee et al., 2013). This calls into question what role the state must take
within these new networks to drive, facilitate, and dismiss various elements of the mobility
system. Failure of the governance system to set a clear vision of underlying goals and foster
innovation will risk the state being reduced to a piecemeal mode of governance (Dochertya
et al., 2018).
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State power in the transport sector is relatively weak in many U.S. cities where the private automobile remains the dominant mode of transport and the state has a small role in
how mobility should be planned beyond the status quo. Docherty’s 2018 analysis of the
governance of smart mobility showed that we are already at a ”critical juncture” for smart
mobility, which is defined by Capoccia and Kelemen as a ”relatively short period of time
during which there is a substantially heightened probability that agents’ choices will affect
the outcome of interest” (Capoccia and Kelemen, 2007). In other words, given the rapid
momentum of technological innovation, it may be that the window of opportunity is small
for policy makers to have the optimal options for intervention in order to enact meaningful
impact on the potential outcomes before a new mobility regime is established. Additionally,
finding consensus and generating lasting and reliable decisions has become a major problem
for democracies and their institutions.
Specific to shared mobility, another point of view is that data-driven governance, with its
ability to produce a more flexible regulatory environment, will be a solution to the current
regulatory gridlock in transportation policy and emerging shared mobility services. Voege
states that this is achieved by allowing systems that contribute to the public good to be
implemented in a safe, flexible environment, facilitating market uptake while also protecting
public safety (Finger and Audouin, 2019). As AVs increasingly become part of the sharing
economy and disrupting technologies, the role of policy makers in actively managing this
transition has already begun. Much of the discussion regarding regulatory frameworks in
the context of AVs focuses on the vehicles and the approval processes for ensuring road
safety (Finger and Audouin, 2019). While vital, given the eventual integration of AVs
with the existing transportation network which is often highly protected and regulated,
mobility services must be regulated in parallel. Voege establishes that in order for datadriven governance to successfully move forward acceptance and approval for AVs, certain
key principles must be taken into account in the regulatory frameworks: inclusion of all
social groups, basis on sound economic principles, adaptability and monitoring of impact,
reliance on efficient tools but remain technology-agnostic, and to be limited to correcting
market failures.

3.3.1

Equity

Equity is a prominent issue in the vision of a smart and sustainable city, particularly in the
realm of transportation, as equal possibility of access to and the use of public spaces and
services is embedded in the concept of a liveable city. Much of the existing literature in the
domain of transport is of an empirical nature, focusing on the topics of social justice and
distributive justice, which looks at goods and how they are distributed among society (Bibri,
2018). These studies are mainly empirically driven, lacking a theoretical foundation of social
justice - however, they do often highlight major disparities, for instance, in the contrast of
public transport subsidies between generous subsidies dedicated to affluent neighborhoods
and those of the inner-city poor (Jaramillo et al., 2012).
Planning with equity in mind requires new visions, strong leadership, and planning methods
which allow the city to serve a democratic function where people experience social diversity while sharing the same space and future generation destiny (Behbahania et al., 2018).
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cesses that is the single most significant innovation in the ”third wave” of democratization
(Wampler, 2012). The term ”social equity” can be understood as the dispersion of effects namely, benefits and costs - and whether this is considered fair and suitable (Litman, 2011).
This translates to increased accessibility to transportation mobility and options for disadvantaged communities such as older adults, the physically disabled, and ethnic minorities,
regardless of socio-economic circumstances (Adorno et al., 2018). Transportation options,
which must justly serve the entirety of the spectrum of users reflected in a community, raises
the question of who uses them and who are excluded. Early applications of equity and
justice in transportation planning and policy focused around environmental effects such as
air quality, noise pollution, and safety (Adorno et al., 2018). Despite its importance in a
well-functioning society, equity remains an issue which is often underplayed in regards to
shared mobility, as early evidence has shown a disparity in the accessibility of such services
of lower-income populations (Shaheen and Chan, 2016).
It is well documented that ridesourcing and shared mobility services are more likely to be
used by younger, better-educated, and more affluent individuals (Mishra et al., 2017), and
this has stemmed from an increasing trend of unequal access to ICT and the skills necessary
to use it, extending to unequal access to smartphones and mobile data (Selwyn, 2004). A
study of residents in Arlington, Texas aged 55 and older found that older adults who were
”transportation-disadvantaged” experienced subsequent limited access to health care, goods,
and other community services, as well as isolation from certain lifestyle habits and social
networks (Adorno et al., 2018). In the analysis of how social equity is incorporated into the
transportation plans of 18 metropolitan areas in North America, Manaugh et al. observed a
general lack of explicitly stated social equity objectives and appropriate means of assessing
their achievement, as environmental concerns are taken as a higher priority (Manaugh et al.,
2015). While environmental and social justice issues are not mutually exclusive, it is important to note that there can exist trade-offs between these two sets of objectives. Addressing
such issues can be challenging, as various definitions of equity exist among different schools
of thought and economic systems, and the levels of impact of groups of people vary in their
analysis; while a policy may seem to promote equity in one way, it can be inequitable if
measured by another means. Labor issues are also under contention, as it is often unclear
whether drivers should be regarded as independent contractors or as employees. Litman et
al. propose a systematic framework based upon the three goals of determining distributable
benefit, forming target groups, and selecting the favored social equity approach among different perspectives in order to help practitioners integrate equity into transportation modeling
to better meet the needs of underserved communities (Behbahania et al., 2018). From the
consumer’s perspective, services such as ridesourcing serve different divisions of society, leading to repercussions of discriminating and risks to data privacy and security (Jin et al., 2018),
showing that AVs also have potential to exacerbate issue of wealth disparity.

3.3.2

Current State of Policy

In 2017, 22 U.S. states introduced legislation on autonomous vehicles, and in 2018, 15 states
enacted AV-related bills (of State Legislatures, 2019). On September 12, the National Highway and Transportation Safety Administration (NHTSA) released new federal guidelines for
Automated Driving Systems (ADS). Building on NHTSA’s 2016 guidance, ”A Vision for
Safety 2.0”, is the latest guidance for automated driving systems to industry and the states
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(of State Legislatures, 2019), with the purpose of providing best practices for incorporating
safety-related components and aspects regarding ADSs into legislation. Traditionally, states
regulate the driver while the federal government regulates the car (Bellon, 2017), but it can
be seen how the rollout of AV technology does not fit neatly into the existing regulatory
framework, as the traditional state-federal division of labor is hard to maintain when cars
have no drivers. Therefore, if AVs are to be successfully integrated into the transportation
network, then these policies must be carried down to the regional and local levels through
comprehensive planning processes. When spearheaded locally, AVs have the potential to be
a part of an integrated transportation system, and their effects, both positive and negative,
on land use, infrastructure, and capital budgeting processes well thought-out and anticipatory. However, Guerra warns against planners failing to see the relationship between cities
and a new transportation technology, either by misjudging autonomous vehicles or by seeing them as a solution for contemporary planning challenges of road congestion or climate
change (Guerra, 2015).
Federal law (U.S. Code Title 23 Chapter 1 § 134 - Metropolitan Transportation Planning
2014) requires that MPOs develop long-range regional transportation plans with a minimum
planning outlook of twenty years, and to update them every four years for regions with more
than fifty thousand residents (Guerra, 2015). At the California state level, the California
Department of Motor Vehicles (CA DMV) currently mandates for any vehicle tested on California roads, it must be retrofitted to account for a backup human driver, and that data
related to disengagements of the AV technology be publicly available (Favaro et al., 2018).
In the analysis of the disengagements data obtained from AV manufacturers testing on California roads from 2014 to 2017, Favaro et al. found that limitations existed in the wording
and drafting of the requirements set by the CA DMV (Favaro et al., 2018). This shows one
example of a gap between the regulatory language set by a state and the reality of AV testing,
which could indicate insufficient collaboration between the public and private sectors. Fagnant and Kockelman note that the idea of perception has been known to drive policy, such
as the perception that AVs are potentially dangerous due to the lack of a human driver (Fagnant and Kockelman, 2015). To account for liability, California law, for example, requires 20
seconds of sensor data storage prior to a collision in order to help establish fault (Center for
Information and Society, 2012). With some 90% of vehicle crashes attributable to human
error (Smith, 2013), another parameter that the CA DMV uses to establish AV testing in
regards to safety is the mandatory submission of Autonomous Vehicle Collision Reports and
Autonomous Vehicle Disengagement Reports (State of California DMV, 2019). However,
with these current regulations, AV manufacturing companies testing in California are able
to decide for themselves which disengagements are safety related, showing that while these
metrics indicate the progression of the AV technology, they are of limited utility in regards to
indicating safety, as each company gets to decide what counts as a reportable disengagement.
In the work by Anderson et al which outlines a guide for policymakers, the authors warn that
”a hastily enacted mandate for sub-optimal technology could lead to enormous lost social
welfare” (Anderson et al., 2014). With some boosting AVs as enhancing roadway safety
by removing the variable of human error from the equation, it cannot be overlooked that
with autonomous technology comes an increased risk of data security, privacy, and liability.
Therefore, it is important that cities facilitate implementation of AVs so that the potential
benefits are realized for all communities, while minimizing and mitigating the potential
negative impacts. Fagnant and Kockelman recommend policy initiatives such as expanding
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federal funding for AV research, the development of federal guidelines for AV certification at
the state level, and the determination of appropriate standards for liability, security, and data
privacy (Fagnant and Kockelman, 2015). While the progression of AV technology is likely to
advance with or without legislative action at the federal level, the successful implementation
of AVs depends heavily on them. Without federal guidance, states will continue to pursue
their own testing and licensing requirements, which may lead to a discordant patchwork
of regulations and requirements, particularly when considering issues of safety and data
security.

3.4

Urban Mobility Change

A certain amount of creative destruction is necessary in order to make way for the next
great innovative technology that moves society forward, and there is an active debate on
how emerging technologies of AVs and the IoT will revolutionize individual and collective
mobility. At the intersection of the subjects covered in the preceding sections lies what is a
move away from the ”old mobility” regime, rigidly constructed with private cars at its epicentre, towards a new kind of mobility (Zavyalova, 2017). For many decades, the prominence
of the automobile and the path-dependent planning of managing transportation systems
around it perpetuated the rigidity of the old mobility regime (Dochertya et al., 2018) . The
new smart mobility paradigm has already begun to make strides by ridesharing services such
as Uber and Lyft, transforming the way in which we perceive vehicles, routes, and travel,
as well as travel planning and time. As cities develop in a manner that car ownership becomes less attractive and practical, the demand for individual freedom and flexibility grows
in tandem (Bauman, 2000). Because mobility is a system, many different possible smart
mobility futures exist, even with a limited number of technological innovations (Dochertya
et al., 2018). Like any other socio-technical transition, this raises questions how to how a
transition from one dominating paradigm of urban mobility to another is managed.
It took the span of several decades for the state to grapple with the challenges of managing
the car and the numerous impacts of the initial adoption of the automobile on the economy, environment, and society, and so as the transition to the smart mobility paradigm has
already begun, it is vital to include in the discussion how state action and public policy
must change in this new phase led by the technology sector (Dochertya et al., 2018). As
the values, cultures, and mentality of people vary across locations, ages, and socio-economic
standing, so do travel behaviors. With the urban being a hotbed of demographic, economic,
and infrastructural change, the relations between people and the urban landscapes in which
they live and work are to a significant extent experienced through their means of travel. As a
result, the modes of transportation one uses is a reflection of how one thinks and feels about
the city, and choosing one mode over another also has a psychosocial aspect which goes
beyond a rational, function-based decision. Over the last ten years, however, the concept of
private car ownership as the only means to the socio-economic end of success has come under
much criticism in an increasingly liquid society (Bardhi and Eckhardt, 2012). For planners,
understanding how changes take form is essential, as planners are involved in diverse types
of dynamics of change at the societal level, which are embedded in diverse systems. As with
the Industrial Revolution, a major societal shift incorporates a spectrum of effects such as
socio-technological and socio-political transitions, trending toward sustainable mobility, and
a greater emphasis on a ”just” city as social equity concerns become more pronounced.
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A new approach to the management of city investments is needed in order for planners and
decision-makers to integrate smart and sustainable development goals into urban planning.
The successful implementation of new technologies is reliant on the involved stakeholders
and strong leadership, particularly in the collaboration between public and private sectors.
The private sector is generally considered to be more efficient and flexible in attaining project
objectives that are not necessarily in line with public interests (Przybylowski, 2018). Additionally, the behavior of stakeholders must be shaped based on clearly-defined objectives
of the implementation of smart mobility in order to maximize the benefits of both sectors,
thereby motivating efforts from both sides to pursue common interests (Przybylowski, 2018).
Master planning has long been a fundamental tool for urban development and management,
however, in recent years it has been found to have shortcomings due to the exclusion of
certain community groups, target beneficiaries, and nongovernmental organizations from
the process of public participation in planning (Giduthuri, 2015). Many urban areas are
adopting planning strategies aimed to a more sustainable use of resources in order to achieve
sustainable mobility - these policies are quite different in terms of costs and expected benefits, and the effects of these policies are difficult to anticipate on a purely intuitive basis,
and sometimes the end result is contrary to intuitive expectations (Carteni, 2014). Carteni
argues that in order to identify the right mixture of interventions to be implemented on
the transport system, rationality is vital in the transportation planning process. Rationality refers to acting in the best possible way considering the aims and constraints. While a
rational approach is not always the right alternative, it is likely closer to the best solution
because it is more acceptable for public engagement and follows some of the minimum requirements of rationality (e.g., quantitative methods). Standard transport policies are not
always ”eco-rational” because these policies are very different in terms of costs and expected
benefits, both at the global and local levels (Carteni, 2014).
In a sustainable mobility paradigm, there is a strong argument for increasing the scope of
public discourse and empowering stakeholders through interactive and participatory governance processes. Banister argues that it is through the formation of broad coalitions - including specialists, academics, practitioners, policy makers, and so forth - that a true debate
about sustainable mobility can occur, where there is a collective willingness to change and
an acceptance of responsibility (Banister, 2008). In order to achieve sustainable mobility, the
collective arguments by these coalitions must be powerful enough to overcome dependence
on the car According to Efrussy, one of the characteristics of a good comprehensive plan
is its value as a basis for making rational decisions, but not replacing the decision-making
process (Efrussy, 2013). In the evaluation of planning documents of to what extent they
address autonomous vehicles, it is vital to understand what the rationale is for planning,
as well as the efficacy and results of previous plans, particularly in regards to technological
changes.

3.5

Summary

Smart city development, often seen as analogous to sustainable urban development, is a
current priority for many major metropolitan areas and cities, however, many cities lack the
capacity and resources to achieve these ends. Smart mobility is one of the most challenging
topics facing large metropolitan areas, as it involves not only environmental and economic
aspects, but also the willingness of people to change their mindsets and behaviors away from
deeply embedded transportation norms and values, all of which factor into the ability to
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prompt urban mobility change. The idea of smart city development forms the basis for a
new way of thinking about civilization and touches upon fundamental aspects of day-to-day
way of life, with integration of a rising sharing economy which strays away from traditional
private ownership models. In contemporary cities, quality of life is highly dependent on a
safe, affordable, and efficient transportation system.
Mobility planning is a notoriously complicated task due to the complex and often contradictory factors and needs involved in the process, as well as additional difficulties posed by
political and financial restraints. While it is a challenge to ensure smart mobility patterns
which take into account a high level of stakeholder participation and the establishment of a
detailed, complex, and comprehensive planning process, it is with the coordination of a common vision between social and economic sectors - for example, land management, transport,
social policy, safety, and health - as well as between authorities that will enable the proposal
of actions that improve the quality of life. The value in incorporating a more data-driven
governance with autonomous vehicles also lies at the intersection of a sharing economy and
disruptive innovation. The sharing economy movement includes new business models which
allow for the use of shared vehicles, while the movement of disruptive innovation pertains
to ride-hailing and ridesharing services offered by TNCs and the growth of platform-based
mobility services such as MaaS. With the more robust data and utility infrastructure that
autonomous vehicles will likely require, data-driven governance will allow for decision-makers
to formulate sound decisions based on a real-time availability and abundance of data related
to autonomous vehicle safety, equity, ridership, and economic impacts. Thus, the effective
implementation of bringing about a disruptive urban mobility change such as autonomous
vehicles requires the commitment of key stakeholders to leverage data to better understand
the reasoning behind policy initiatives and to support legislative efforts to utilize autonomous
vehicles for their benefits while also mitigating their negative impacts.
The next chapter presents the theoretical framework established for this research report. In
order to answer the research question of how does the current integration of autonomous vehicles into regional transportation planning strategies in the Bay Area compare to the personal
perceptions of transportation planners directly working on autonomous vehicles in practice?,
the literature review has shown that while academic knowledge exists on the various facets
of what an autonomous vehicle future may entail, there is understandably little research
focused on the process of integrating autonomous vehicles specifically into transportation
planning. This can be due to the inherent complexity of transportation planning problems,
as they encompass numerous aspects of society, including certain institutions such as the
planning profession and the political landscape, which do not vary significantly from yearto-year. Given this, it is understandable that there is no standard approach for addressing
a disruptive technology such as autonomous vehicles in its integration into comprehensive
planning processes, as they would require a considerable change in the way transportation
planning problems are framed, approached, and acted upon in order for cities and regions
to meet their long-term goals. Thus, based on the existing theory and research of what is
already known, the following theoretical framework serves to show how this research informs
the research questions and methodology.
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Theoretical Framework
This chapter is composed of the main theoretical and conceptual framework on which the
analysis will be based. These themes are developed from studies taken from literature on
previous research most relevant to the concepts of sustainable urban mobility, particularly
concerning a disruptive force or technology.

4.1

Multi-level Perspective on Socio-technical Transitions

In the bringing about of social and technological changes in society essential for a more sustainable future, a richer understanding of how these changes come about is necessary. One
theory concerning change that is relevant for addressing complex issues like climate change
and transportation planning is the multi-level perspective (MLP) of sociological transitions,
which provides insights into how one technology has transitioned into a radically new one to
fulfill a social need. Planners are involved in a field that takes place in a complex network
of many disciplines such as politics, sociology, and engineering, all of which are affected by
the dynamics of change at the societal level. Due to the necessity of these various disciplines
to work together and the political pressures that may hinder, stall, or support these efforts,
transportation planning has often underestimated critical challenges facing urban planners,
such as with the urban sprawl brought about by the accommodation of the automobile in the
1950s. Banister states that such challenges as the growth of faster and longer-distance travel
can be explained by people’s value of the activity at the destination and their minimization of the cost of travel (Banister, 2008). When diverse socio-technical system innovations
change, oppose, or reinforce each other, transitions occur. While there is no single cause
or driver to a certain transition, it is rather the existence of many processes occurring in
multiple dimensions and levels that change simultaneously.
Figure 4.1 illustrates the multi-level perspective of Frank Geels, showing that socio-technical
transitions occur when many dimensions reinforce each other in a cyclical manner in order
to fill a social need. The stable socio-technical regime represents the normality of society,
whereas the ”landscape” refers to the intangible societal landscape of how people feel about
a situation and the common discourse surrounding the technology being studied. Niche
innovations are small radical changes that emerge to disrupt the stable regime but do not
yet scale up to break through the durability of the stable regime. Changes in the landscape
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Figure 4.1: The Socio-technical Regime, Landscape, and Niche Innovations Required to
Effect Change - Source: (Geels, 2011)
put pressure on the stable regime and create windows of opportunity for niche innovations
to develop and compound on each other. The stable regime either adapts to, rejects, or is
taken over by the niche innovations, over time leading to the eventual replacement of an old
technology. The factors and interdependencies within this regime over time is what situates
society into a locked dominant technological solution. Thus, in the application of this model
to the automobile, it can be understood how the gas-powered automobile came to make up
the stable regime in the United States. Through the niche innovation of the technology to
evolve from the horse and buggy, coupled with the abundant and affordable fuel source of
gasoline, and the capacity of land mass the United States had at its disposal to develop that
reinforced each other to build what it now the predominant transportation infrastructure
in the U.S., characterized by sprawling highways, low-density development, and congested
urban centers. Additionally, the automobile industry and its suppliers are keen to conserve
their investments, while their dominance over the market share inhibit new transport technologies from gaining a foothold.
In this research, the multi-level perspective model is applied to the new socio-technical transition of a shift to a more sustainable mobility paradigm - that of the autonomous vehicle. In
this application of the MLP, the autonomous vehicle is the niche innovation which is posed
to cause a disruption in the stable regime, which is currently dominated by the gas-powered
automobile. The landscape will be defined as the general societal, political, and economic
climate surrounding the automobile which currently maintain, if not support, continued car
dependence for the unforeseen future. With the current stable regime being an unsustainable one due to its reliance on fossil fuel consumption and its hindrance to the realization of
cities made for people, a sustainable mobility paradigm offers an alternative path to readdressing many of the urban and transportation planning issues present today. In order to
create windows of opportunity for the niche innovation of autonomous vehicle technology to
make meaningful breakthroughs into the stable regime, the landscape, which is constantly
fluctuating in response to society’s behaviors, perspectives, and beliefs on issues, must also
change in a way that allows for the conversation of autonomous vehicles to gain traction at a
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higher level. It follows that planners, whose profession lies at the intersection of serving the
greater public as well as being at the will of political forces to a certain extent, are uniquely
positioned to serve as a go-between on behalf of key decision-makers in planning processes,
the public, and the impending technology of autonomous vehicles.
Figure 4.2 shows how in comparison to historical trends, consumption - particularly of new
technologies - is adopted at a much quicker rate today. With preliminary adoption of autonomous vehicles able to begin with the current transportation infrastructure already in
place today, it is likely that based on these trends of consumption, autonomous vehicles once past the research and development phase - will follow a similar pattern once a certain
level of affordability and availability is reached. This reinforces the significance of the potential role planners will play in ensuring that cities and regions are well equipped to handle
a technology that will have undeniable impacts on human safety, equity, and mobility.

Figure 4.2: Consumption Trends Faster Today Source: (The New York Times, 2008)
With the application of the multi-level perspective model to the autonomous vehicle, the
central idea of MLP is that a technology, such as an automobile, does not exist as a discrete
entity. As the automobile became the dominant means of transport, the automobile developed interdependencies with social, technical, and institutional factors such as production,
the supplied network, transportation infrastructure, regulation, and users. Figure 4.3 below
illustrates Geels’ conceptualization of basic fields and resources of socio-technical systems,
showing that when considering an artifact, in this case the automobile, the artifact is interlinked between realms of production (e.g. the automotive industry), the distribution network
(e.g. transportation infrastructure), and the application of the artifact (e.g. end users of
the automobile). Each realm contains smaller fields of industry which enable the artifact to
develop, be distributed, and provide a service to the consumer. With these interdependencies evolving with one another, the artifact of the automobile is able to mature, forming a
stable socio-technical regime around it constituted of people working in the industry such
as engineers and designers, and the general public on a wider scale who have come to rely
on the car on an everyday basis. This makes way for a stable socio-technical regime which
gravitates toward common assumptions, knowledge, beliefs, and behaviors about what are
feasible and worthwhile transport solutions.
In addition to the societal norms and behaviors surrounding the automobile which constitute
the stable regime, the built environment of transportation infrastructure is also relatively
long-lasting and expensive to change. Even when alternative transport options are under
consideration, the options are fairly limited to operating within the current infrastructure,
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Figure 4.3: Social, Technical, and Institutional Interdependencies of the Artifact - Source:
(Geels, 2004)
as deviating from the status quo would require a large upfront capital expense. Therefore,
it is vital that key changes occur at the landscape level to spark riffs in the discourse and
habits surrounding the automobile. In this research, the multi-level perspective model will
be used from the perspective of studying the perceptions of individual transportation planners on autonomous vehicles, which contribute to the landscape of the automobile. Namely,
in order for the current automobile-dependent transportation system to be disrupted, there
must be some movement at the level of city and regional transportation planning, particularly within metropolitan planning organizations who must consider these types of future
mobility technologies in long-range planning processes. This movement may be characterized, for example, by forward-thinking planners who believe it to be worthwhile to invest
time in researching the possible impacts of autonomous vehicles on their regions’ residents,
despite the fact that it is a technology that is not yet fully realized.
The Results chapter of this report will provide the findings to the three sub-questions:
1. What are the focal points on the topic of autonomous vehicles in Bay Area regional
transportation planning documents?
2. What are the focal points on the topic of autonomous vehicles as identified by Bay
Area transportation planners involved in their planning and research?
3. What common or counteracting themes can be drawn between what is found in the
regional transportation planning documents versus the perceptions of the individual
planners?
Following the answers to these sub-questions, the theoretical framework of the multi-level
perspective will be applied in the Discussion chapter, to provide an analytical look at the
findings through the lens of this model.
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Chapter 5
Methodology
This research depends heavily on assumptions and predictions concerning a future with autonomous vehicles. Given that there are no data on autonomous vehicles as a fully realized
existing mode of transportation, the phenomenon cannot be studied directly. Therefore, this
research is in the form of an exploratory, qualitative case study, with primary data gathered from planning documents, relevant planning journal articles, and interviews. Given the
limitations of a phenomenon which is not yet present today, the aim of this research is to
understand how regional transportation planners in the San Francisco Bay Area perceive
autonomous vehicles as a future mobility option, versus what exists concerning autonomous
vehicles in regional planning documents today. This chapter outlines the various methods
used to carry out this research and is divided into three sections: section one defines the
purpose of the use of the case study as the focal point of this research; section two describes
the data collection sources and analysis techniques employed that contribute to the answering of each of the research sub-questions; section three is a discussion of the research design
and addresses the issue of quality in research design and limitations.

5.1

The Case Study as a Research Method

A case study can be described as an inquiry which deals with a technically distinctive phenomenon comprised of many variables of concern, therefore relying on a variety of evidence
and a theoretical framework which guides the data collection and analysis (Yin, 2009). Here,
a ”case” refers to an event, problem, process, program, or person. A case study typically concerns an empirical examining of a phenomenon within its real-life context when the boundary
between the phenomenon and its context are not clearly discernible, where the researcher
is excluded from that context (Yin, 2009). Thus, the researcher aims to have no influence
on the phenomenon; this is in direct contrast from an experiment, wherein the researcher
intends to have direct influence on the phenomenon. A case is also characterized by multiple sources of data, including a variety of qualitative data such as interviews, observations,
documents, and artifacts (Silverman, 2006). This variety of data is necessary in order for
the researcher to have a more in-depth understanding of the case. There are typically three
types of case studies: 1) the single instrumental case, 2) the collective/multiple case, and
3) the intrinsic case study (Yin, 2009). As the collective case study enhances the reliability
and validity of the data by using a wider variety of data, this allows the findings to become
more full-bodied (Yin, 2009). However, while the benefits of a collective case study offer a
more robust assembly of data and understanding of the findings, it is important to note that
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simply widening the boundaries of the case study from a single case to multiple comparative
cases does not necessarily correlate with the ability to more confidently make causal connections.
When considering the case study method, firstly, it was important to determine if a case
study would answer the proposed research question surrounding the specific case, as defined
previously. Next, the case or cases were identified, as well as what type of case study both
best fit my interest and answered the research question. Then, it was necessary to select the
depth of the case study: a holistic case study examines a case as a whole, while an embedded
case study only examines certain aspects of a case. In this research, a single instrumental
case study was used, therefore, the analysis of the data was structured as being categorized
into distinct themes. In this step, assertions or interpretations of the meaning of the data
were made. This last step also included making statements about the lessons learned about
the case and what should be learned from the meaning of the data.
It was deemed that a case study method was appropriate for this research in order to answer
exploratory questions of ”what” and ”why”, regarding a contemporary phenomenon where
I as the researcher strove to effect minimal impact on the events and relevant actors (Yin,
2009). As a multi-disciplinary practice that incorporates theories of social science, the study
of city planning is very much context-dependent, and therefore required a more in-depth understanding of the environment of the case, as well as the documents and other qualitative
data under analysis. Utilizing the case study also allowed me to get closely familiar to the
primary sources of data throughout the research process (Flyvbjerg, 2004).

5.1.1

Focus of Study

The nine-county San Francisco Bay Area region in Northern California is home to 7.4 million
inhabitants, covering approximately 7,000 square miles of land, composed of the three major
cities of San Francisco, San Jose, and Oakland (see Figure 5.1 below). Located here are
the headquarters of high-tech such as the prominent on-demand ridesharing companies Lyft
and Uber, automotive and energy company Tesla, as well as Silicon Valley, an area of the
Bay Area which has over the years solidified itself as the center of the computer industry
and venture capital. Relative to the rest of the United States, California as a state has
long been considered an environmentally progressive leader in pushing ambitious policies
that have set the standard for others (Berkeley Political Review, 2018). Further, in April
of 2018, the California Department of Motor Vehicles (DMV) began approving applications
for autonomous vehicle testing without a driver and deployment (State of California DMV,
2018). Therefore, as an environmentally and socially conscious region, it is embedded in
the major municipal and regional planning agencies’ missions and visions that projects are
planned with new mandates, advances in technology, and changing environmental conditions
in mind. With its dense concentration and reputation for entrepreneurship and technology,
it can be seen why this region plays a major role in predicting the future growth of the Bay
Area from a social, economic, and cultural standpoint.
As the fourth-largest metropolitan area in the U.S., the Bay Area has more than two dozen
operating public transit agencies, with passengers making more than 2 million trips per
day in over 4,000 transit vehicles (MTC, 2018). Beginning in the dot-com boom of 2000,
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Figure 5.1: San Francisco Bay Area’s Nine Counties - Source: (PerryPlanet, 2010)
per-commuter congested delay increased by approximately 65%, while population and jobs
increased by 15% and 12%, respectively (MTC, 2017). Therefore, while the Bay Area is
heavily impacted by traffic congestion and its subsequent effects of pollution, public health,
and the economy, this region of Northern California is also in a unique position to more
proactively incorporate high technology-based solutions into its planning processes.

5.2

Data Collection Sources and Applied Analysis Methods

This section discusses the primary sources of data utilized during the course of the research,
as well as a description of the analysis techniques used with each source. As qualitative data
constitutes the basis of this research, the applied methods are of a variety of sources found
to be relevant to the topic at hand.

5.2.1

Document Analysis

In this research, publicly available documents in the forms of plans, conference and meeting
proceedings, and planning-related materials were analyzed as a method to comprehend the
complex nature of autonomous vehicles in the Bay Area. The planning documents, which for
the boundaries of this research are limited to regional plans and exclude municipality-specific
plans, cover land use, transportation, diversity, and economic aspects, and are mainly gathered from 2013 onward. Relevant secondary source documents were all obtained online.
In order to identify the material most relevant and pertinent to advancing this research, the
following were considered: relevance, authority, and currency. Relevance refers to the selected literature as contributing to the development of the issue, providing perspectives that
can either be used in support of or against the research (Silverman, 2006). Authority refers
to the credibility of the source, generally meaning that it is obtained from or recognized by
experts of the field. Currency relates to whether the document is sufficiently recent to still
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Table 5.1: Documents Chosen for Analysis

be recognized as a valid source (Silverman, 2006). As the topic of autonomous vehicles is
relatively new, all of the documents used in this research were published in the last decade.
Table 5.1 lists the documents chosen for the first phase of analysis, listing the title and
description of each document, author(s), date of publication, and the source from which the
document was obtained.
As publicly available documents are so readily available online, a thorough review of all
documents relevant to the topic of this research were vital in gathering information to construct an overall view of the wider discussion of AVs in the current planning field in the San
Francisco Bay Area. As shown in Table 5.1, case data were collected from secondary datasources, including long-range regional plans, transportation committee meeting proceedings,
and conference presentations. With the case study being bounded around the entire San
Francisco Bay Area as a region, document collection excluded city- or county-specific planning documents. In the analysis of the documents, the guidelines listed in Table 5.2 were
constructed and used, based on findings identified in the phase of the Literature Review.
The Document Background questions serve to provide a context for each document. This
takes into account that all documents were created with an intent and intended audience in
mind, which will color the content covered and language used in some manner. Questioning
the point of view of a document factors in whether the author is an authority on the subject
they discuss, as reliability and accuracy can be at risk if the source was not in a legitimate
position to know this information. Further, the source may have implicit or explicit motives
to lie, tell the truth, or to omit certain details. While with written documentation it is more
difficult to gauge the tone or intent, it was important to keep in mind that in the political
sphere of planning, direct or indirect political commentary may be used in a way that leads
to bias, evokes satire or irony, or uses loaded language. As a researcher in a field with social
science facets, it is also vital to consider that the source may be attempting to achieve an
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Table 5.2: Document Analysis Checklist

agenda or to convey a certain idea. As publicly available information is necessarily edited
and written in a specific manner, often to persuade the reader to perceive a topic in a certain
way, it is likely that the source has omitted important information that must be taken into
account before you an opinion is formed.
Only one broad question on Technology was included, as autonomous vehicles are still deeply
in the research and development phase. For the purposes of this report, it was chosen to
focus only on technology as it pertains specifically to transportation planning of autonomous
vehicles. The section of document analysis questions on AV Impacts include themes covering
social equity, relations to public transit, public safety, data security, and impacts on land
use. These questions were formulated based on preliminary research performed during the
Literature Review, where it was identified what are the uncertainties that arise from a future
with autonomous vehicles. The intent was to provide the flexibility of an explanatory answer
to each question for each document. Not all documents addressed all questions posed, as
the type of document ranged from committee meeting transcriptions to long-range regional
plans. The aim was to analyze all documents as a comprehensive whole, in order to illustrate
they focal points most emphasized in these publicly available documents.
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5.2.2

Interview Analysis

From gaining a wider sphere of knowledge on the general discussion of autonomous vehicles
in regional transportation planning, the second applied method of interviewing was used to
generate data on a smaller field within the case study. In-person interviews were conducted
with planners identified as contributing to the current discussion of the integration of AVs
in the San Francisco Bay Area. These interviews were a vital portion of the data, as the
collection of responses from primary sources allowed for minimal skewing of information which can be often present when information passes through various media - and allowed
for the participants to speak in their own voice and terms, and to express their thoughts
and feelings freely in a comfortable environment. This gives interviews an added benefit in
contrast to documents, which are static sources of information that may be missing further
context or be misinterpreted with no chance for clarification.
Typically, the aim in a sampling design for an interview study is to identify key individuals
who have knowledge of or experience with the phenomenon of interest that they are willing to speak about (Lee et al., 2013). The goal is breadth and attaining a broad range of
perspectives across a spectrum, rather than representativeness. The sample size varies depending on the complexity of the inquiry and is determined by theoretical saturation, or the
point at which no new concepts emerge from the data (Lee et al., 2013). In this research, in
lieu of sampling, San Francisco Bay Area regional planners and professionals with planning
backgrounds were specifically sought out, as the topic of research is addressed by a small
niche of planners within the boundaries of the case study. Therefore, the interview participants reached out to were chosen strategically, given their position in planning for the San
Francisco Bay Area and involvement with AV-related projects. In the in-depth interviews
conducted, there was no set path for the interview, although an Interview Guide was created
beforehand in order to ensure that certain key topics were covered (see Appendix), such
as environmental factors, impacts on social equity, and relations to public transit. From
these interviews it was learned how each individual perceived the future incorporation of
autonomous vehicles in a planning context, as they pertained to various themes informed by
the document analysis.
A total of four interviews were conducted: three in-person interviews with regional transportation planners in the public and private sectors, and one phone interview with an academic with previous planning experience. The interviews lasted between 40 minutes to an
hour and were conducted in April and May of 2019. While using the Interview Guide as a
reference, there was open opportunity for a back and forth exchange between the researcher
and interview participants, giving a chance for the posing of follow-up questions that touched
on new topics as they arose, or for the clarification of responses. This approach also allowed
me to delve deeper for additional information, making connections between different points
in the interview in order to gain a more comprehensive understanding of the participant’s
perceptions, motivations, and rationales. The aim of the interviews was twofold: to hear
what focal points were most prominent in the discussion of AV implementation in a private
setting, and to query the rationales behind autonomous vehicle initiatives. While the document analysis had already been completed prior to the interviews, the questions asked were
phrased in general terms, so as to give the interviewee the chance to answer freely in their
own words. In order to maintain anonymity throughout the text, I opted to exclude the
names of any interviewees in the body of the paper. In the Results section of the paper,
the reader may match the names of the interviewees with the organizations listed in Table 5.3.
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Table 5.3: Interview Participants and Roles with Autonomous Vehicles

The in-depth interview methods used were inspired by Kvale and Brinkmann, performed
as semi-structured interviews allowing for a degree of deviance from the prepared interview
guide (Kvale and Brinkmann, 2008). The interview guide served more as a framework for the
interviewer, rather than boundaries for the participants. Therefore, it was not a structured
script that must be followed in a standard way every time, but instead a guidance to be
used in facilitating the conversation and delve into relevant subjects that the participants
may not have considered prior to the interview. The interview guide used in this research
was constructed to contain a list of main questions and probes that help the interviewee
understand the intent of the question. Questions were open and non-directive, based upon
the principle of qualitative methods being exploratory in nature and non-directional (Kvale
and Brinkmann, 2008). It is the responsibility of the researcher to maintain as objective
a stance as possible in the posing of the questions, proactively minimizing the risk of reliability by avoiding influencing responses, such as by asking leading questions or conveying
one’s own view, implicitly or explicitly (Kvale and Brinkmann, 2008). This was kept in
mind when performing the interviews, as well as the importance of thinking in broad, nonjudgmental terms, encouraging the respondent to give both positive and negative statements.
Coding and NVivo In the analysis of the interview findings, NVivo 12 was used, as
the use of software is increasingly seen as the standard to qualitative data analysis. In order
to organize large amounts of data from the conducted interviews and support transparency,
NVivo was used to help organize and analyze the transcripts of the interviews in order to
explore and evaluate the social phenomena of this study. As a tool which provides structure
to a large amount of messy non-numerical data and supports rigorous systematic analysis,
NVivo was chosen due to its functionality as an organized filing system where one can quickly
search and locate material, as well as its user-friendly and flexible design to facilitate commonly used qualitative techniques. In the analysis of the collected data, NVivo simplified
the determination of arising themes, as well as the examination of relationships between the
data. In the final stage of analysis, visualizations were constructed from the data in various
forms to represent the findings.
The coding process in NVivo was conducted by beginning with importing the interview
transcripts into the NVivo platform. Once imported, the first step before coding was to
Chapter 5

Mei Tsuruta

37

Planning in the Face of Technological Innovation

read the transcript freely and broadly without any biases or assumptions, in order to spend
time with the data. Next, initial codes and properties were created with the first transcript,
bringing that initial code structure to all transcripts. The chosen codes referred to words or
short phrases that were found to represent the essence or key attributes of a portion of the
interview narrative. Here, a code structure arose from the process of organizing the interview
data into groups that were alike, composed of emerging codes characterizing the properties
of paragraph-by-paragraph analysis or taking several phrases or sentences at a time. This
code structure was then revised in an iterative form, moving back and forth between individual and group level reviews of the interview transcripts, editing the codes in order to
accommodate various perspectives in the analysis. Ultimately, the final goal was to create
a final code structure that was then applied to the whole data set systematically so that it
ended with a comprehensive, fully coded set of narrative data that could then be analyzed at
more complex levels. Below is the final code structure that emerged from the interview data:
1. AV Impacts
•
•
•
•
•
•
•
2.
3.
4.
5.
6.
7.

5.3

Environmental
Land Use
Partnerships
Public Safety
Social Equity
Technology
Transit

Challenges
Mobility
Ownership Models
Planner Role
Regional Effects
Regulation and Policy

Research Design

The methodology used in this research is of a dominantly inductive nature, although not
purely inductive. The use of a theoretical framework prior to the data analysis serves to
help conceptualize key themes relating to the phenomenon of this research later on in the
Discussion chapter. However, this theoretical framework was not applied in the initial phase
of the qualitative data analysis, as the objective of the data analysis rooted in grounded
theory was to optimize the discovery of emerging themes in an unbiased manner. As a study
with aspects in the social sciences, a post-positivist or constructivist stance was taken in this
research in which it is assumed that social phenomena are produced through social interactions (Farthing, 2016). The social constructivist perspective leads to a level of interpretivism
(Bickman and Rog, 2009), both in the understanding of key themes such as the role of the
planner in attaining smart mobility solutions, as well as in the analyses of the qualitative
data collected. Ontological assumptions are necessarily made by the researcher from the
onset of the report, shaping the observations and understanding of the world based on how
reality is perceived. Therefore, it is inevitable that the framing of the research contains a
degree of subjectivity. A number of assumptions underpin the research, based on philosophical arguments of the nature of what sorts of things are thought to exist (ontology) and what
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there is to know about these things (epistemology) (Farthing, 2016).
Inspiration for the topic of the planning perspective of autonomous vehicles on transportation
planning stemmed from the unique environmental, technological, and social environment of
the researcher’s location of residence. With firsthand experience of the perceived troubles
with the current public transportation system, unwanted trends of private car ownership, and
the attractive new idea of the technology of autonomous vehicles, it was determined during
preliminary research that while much research is dedicated to the viability of the technology
itself and the ethical ramifications of AVs, there was minimal discussion as to how the new
technology of AVs is currently perceived and discussed by planners. In finding that much
of the academic discussion was based upon the technology itself and the ethics of the use
of artificial intelligence, it was found that further research would benefit those wanting to
know of the logistics on the local level of the actual implementation of such a technology,
particularly, how this concept is perceived and discussed among planning professionals. Thus,
while this research overall aims to contribute to the academic literature available on this
subject, it is hoped that any revelations emerging from the data will also serve to benefit
planners who are currently or will soon be dealing with the complexity of autonomous vehicles
in their cities. The framing of the research was a necessarily selective process where it was
determined that the focus of the study would be on the the perspectives of transportation
planners themselves who are currently dealing with the potential implementation of AV
technology in the San Francisco Bay Area region. Transportation and urban planning in San
Francisco is a regional issue, and so in setting the bounds of the research, it was necessary
to consider the close relations between the major cities and counties that constitute the Bay
Area region.

5.3.1

Research Questions and Supporting Analyses

How does the current integration of autonomous vehicles into regional transportation planning strategies in the Bay Area compare to the personal perceptions of transportation planners directly working on autonomous vehicles in practice?

5.3.2

Research Sub-Questions

1. What are the focal points on the topic of autonomous vehicles in Bay Area regional
transportation planning documents?
2. What are the focal points on the topic of autonomous vehicles as identified by Bay
Area transportation planners involved in their planning and research?
3. What common or counteracting themes can be drawn between what is found in the
regional transportation planning documents versus the perceptions of the individual
planners?
Table 5.4 illustrates the research question and underlying sub-questions, as well as the document collection source and analysis method applied to answer each.
Sub-questions one and two are of a descriptive approach, where the former relies on data
collected through means of publicly available resources online, and the latter depends on
Chapter 5

Mei Tsuruta

39

Planning in the Face of Technological Innovation
Table 5.4: Methods for Answering of Research Question and Sub-questions

the anecdotal accounts of San Francisco transportation planning professionals through interviews.
Sub-question three is of an explanatory nature, with a point of departure based on the
document and interview transcript analyses conducted in the answering of the first two subquestions. Here, comparisons are made between the findings of the document and interview
analyses, to identify common and unshared themes which emerged from the data.

5.3.3

Quality of the Research

Much of case study research design concerns collecting information about the world in some
sort of structured, socially accepted manner. What determines a socially approved method
are the following key questions of the quality of research: reliability, validity, and generalizability.
Reliability
Reliability refers to the degree to which a research instrument produces consistent results,
where ”instrument” is another word for a given data collection method (Shipman, 1997).
In qualitative research, the researcher must try to combat potential subject error by not
becoming wound up in the specific way that an interviewee may respond to a series of questions, but rather what they talked about in a general sense (Kvale and Brinkmann, 2008).
Conducted at any other time, interviewees’ responses may change the results in a significant
manner, not because anything is changing in the world, but simply because people change
from day to day. Further, there is a large number of uncontrollable variances and differences in the contextual environment of autonomous vehicles, which will inevitably affect the
reader’s interpretation of this research’s results. Therefore, it is noted that the interviews
do not have a high degree of replicability, as a repeated interview at a later point in time,
even with the same participants and questions, will yield different perceptions and answers.
Validity
The second key question concerns whether the evidence reflects the reality under investi40
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gation, and if it is a true reflection of what is actually going on. In social science research
particularly, the notion of reality - in this concept of quality, we have to take on trust that
there is some kind of situation out there in the world that we are trying to measure or
capture, which exists independently of the researcher (Farthing, 2016). The question then
becomes whether the results extracted from the research match up to that reality (positivism). A separate way of thinking which contrasts positivism is constructivist, arguing
that in fact the world is created by us (Farthing, 2016). A piece of research can be valid,
doing the right things, but it can be unreliable if it produces different results with every
iteration.
Generalizability
Concerning the generalizability of research, the researcher must ask themselves what relevance the results have beyond the situation investigated (Shipman, 1997). Given that the
field of autonomous vehicles is still in its infancy and the small sample of planners interviewed in this research, it is advised not to generalize these results to apply to a larger sample
size. All interviewees were asked to speak personally, so while the interviewees’ responses
themselves cannot be applied to other contexts, emerging themes from those responses may
rather indicate a common perspective on the case study phenomenon.

5.3.4

Limitations

A few major limitations effect this research, the first being the use of the case study as
a research methodology. Foremost, the researcher may not have the time to devote to a
robust description and analysis of a phenomenon. The amount of description, analysis,
or summary material is dependent on the researcher and the available resources and time,
making decisions as to how to report a story, how much to compare with other cases, how
much to generalize, and so on (Stake, 2005). Another downside in the use of the case study is
that the supporting methodological choice and reasoning is more difficult to justify. As this
research focuses on one sample that is the planning practices in the San Francisco Bay Area,
the findings from this sample must be generalizable and applicable to some degree to the
larger phenomenon of the growing use of AVs in urban areas. Secondly, document analysis
alone is not always sufficient to form the basis for a complete research project (Bryman,
2008), as documents themselves are not capable of expressing the nuances, disagreements,
or other forms of misinterpretation or error that are often involved in their creation. A further
limitation of this study has been the lack of historical context from previous generations of
plans and methods in the Bay Area. It was difficult to determine with confidence such issues
as the extent of the political and institutional support for innovative vehicle technologies,
to what extent the strategies of AV integration represented a significant shift in planning
toward a more sustainable paradigm, or whether they represented a form of branding or
publicity to enhance the competitive profile of the region.
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Chapter 6
The San Francisco Bay Area Region
San Francisco, officially known as the City and County of San Francisco, is the cultural,
commercial, and financial hub of Northern California. As the 13th most populous city in the
United States and the fourth-most populous in California, there are approximately 885,000
residents (U.S. Department of Commerce, 2018) covering an area of about 45 square miles
(120 sq km) (US Census Bureau, 2010) as of 2017 (US Census Bureau, 2017). As of 2017,
it was the seventh-highest income county in the United States, with a per capita personal
income of $119,868 (Bureau of Economic Analysis, 2018). As of 2018, San Francisco is the
highest rated American city on world liveability rankings (Mercer, 2018).

6.1

Race and Ethnic Groupings

San Francisco has a minority-majority population, as non-Hispanic whites comprise less than
half of the population (US Census Bureau, 2005), As of the 2010 census, the ethnic makeup
and population of San Francisco included: 390,387 whites (48%), 267,915 Asians (33%),
48,870 African Americans (6%), and others. There were 121,744 Hispanics or Latinos of
any race (15%). In 2010, residents of Chinese ethnicity constituted the largest single ethnic
minority group in San Francisco at 21% of the population. Between the years of 1990 and
2000, the number of foreign born residents increased from 33% to nearly 40% (Pamuk,
2004). During this same time period, the San Francisco Metropolitan area received 850,000
immigrants, ranking third in the United States after Los Angeles and New York (Pamuk,
2004).

6.2

Education, Households, and Income

Of all major cities in the United States, San Francisco has the second-highest percentage of
residents with a college degree, with over 44% of adults having a bachelor’s degree or higher
(Bizjournals, 2006). San Francisco ranks third of American cities in median household income with a 2009 value of $81,136 (US Census Bureau, 2011). An emigration of middle-class
families has left the city with a lower proportion of children than any other large American
city (Sankin, 2012). While the city’s poverty rate is 12% lower than the national average
(US Census Bureau, 2009), homelessness has been a chronic problem for San Francisco since
the early 1970s (Torrey, 1997). The city of San Francisco has been dramatically increasing
expenditure directed to alleviate the homelessness crisis: spending jumped by $241 million
in 2016-17 to total $275 million, compared to a budget of just $34 million in the previous
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year (Graff, 2018).

6.3

Economy

According to academic Rob Wilson, San Francisco is a global city, characterized by its ethnic
clustering, network of international connectivity, and convergence of technological innovation
(Pamuk, 2004). Global cities are considered to be complex and require a high level of talent
as well as large masses of low wage workers. A divide is created within the city of ethnic,
typically low-class neighborhoods, and expensive ones with newly developed buildings. This
in turn creates a population of highly educated, white collar individuals as well as blue-collar
workers, many of whom are immigrants, both of which are drawn to the increasing number
of opportunities available (Sassen, 2016). Competition for these opportunities pushes growth
and adaptation in world centers. An estimated 10 percent of San Francisco residents were
in poverty in 2017, with older residents (65 years of age and over) more likely to being in
poverty than other age groups (Mercer, 2018). Poverty rates also vary by race and ethnicity;
most notably, Black and African American residents experience poverty at nearly three times
the average rate (City and County of San Francisco, 2019).
Since the 1990s, San Francisco’s economy has diversified away from finance and tourism
towards the growing fields of high tech, biotechnology, and medical research (Waters, 2009).
Technology jobs accounted for a mere one percent of San Francisco’s economy in 1990, growing to 4% in 2010 and an estimated % by the end of 2018 (Warburg, 2014). San Francisco
became an epicenter of Internet start-up companies during the dot-com bubble of the 1990s
and the subsequent social media boom of the late 2000s (Selna, 2008). Since 2010, San Francisco proper has attracted an increasing share of venture capital investments as compared to
nearby Silicon Valley, attracting 423 financings worth $4.58 billion in 2013 (Garland, 2014).
The Great Recession had a profound effect on inter-regional traffic volumes, halting two
decades of steady growth. Up until 2006, the Bay Area witnessed significant growth in traffic entering from neighboring counties, contributing to regional congestion challenges. The
recession reversed this trend from 2006 through 2012, but the resurgent Bay Area economy
has since powered growth in traffic for three years in a row (MTC, 2017).

6.4

Bay Area Transportation Network

The demand for mass transit continues to grow, in response to the ongoing trends in increased employment in the Bay Area’s central business districts (CBDs), strong underlying
population growth in the inner and outer metropolitan area, and subsequently, traffic congestion in the key transport corridors. Even as new forms of mobility emerge into the market,
the region is also experiencing an increase in competition for scarce road space. How the
region connects a mass public transport solution to a wider, on-demand, and more complex
set of mobility solutions will likely be central to the future of the liveability of the region. Yet
today, the trains and trams are full during peak commute times, dwell times are increasing,
and commuting times are increasing. The Bay Area’s dynamic economy and well-developed
transportation system give workers access to jobs located in numerous places within the
region’s 7,000-square-mile territory. Overall, 65 percent of Bay Area workers hold jobs in
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the same county they live in (MTC, 2017). In addition to these intra-regional commute
patterns, the Bay Area experiences a net inflow of nearly 120,000 people who commute into
the region each day for work (MTC, 2017).

6.4.1

Cycling and Walking

Cycling is a popular mode of transportation, with 74,000 residents commuting by bicycle per
day (SFMTA, 2011). Ford GoBike, previously named Bay Area Bike Share at its inception,
launched in August 2013 with 700 bikes in downtown San Francisco, selected cities in the
East Bay, and San Jose with a specific objective of providing connections to local and regional rail systems. The San Francisco Municipal Transportation Agency and Bay Area Air
Quality Management District are responsible for the operation with management provided
by Motivate (Bialick, 2017). A major expansion started in 2017 along with a rebranding as
Ford GoBike (Ford GoBike, 2017). Annual bicycle counts by the MTA in 2010 showed the
number of cyclists at 33 locations had increased 58% from the 2006 baseline counts (SFMTA,
2010).
Pedestrian traffic is a major mode of transport: in 2015, Walk Score ranked San Francisco the
second-most walkable city in the United States (Said, 2011). San Francisco has significantly
higher rates of pedestrian and bicyclist traffic deaths than the United States on average. In
2013, 21 pedestrians were killed in vehicle collisions, the highest since 2001 (Examiner Staff,
2012), which is 2.5 deaths per 100,000 population - 70% higher than the national average of
1.5 deaths per 100,000 population (NHTSA, 2013).

6.4.2

Public Transportation

32% of San Francisco residents use public transportation for their daily commute to work,
ranking first on the West Coast and third overall in the United States (Christie, 2007).
The San Francisco Municipal Railway, known as Muni, is the primary public transit system
of San Francisco and is the seventh largest transit system in the United States (SFMTA,
2008). The system operates a combined light rail and subway system, the Muni Metro, as
well as large bus and trolley coach networks (San Francisco Chronicle, 2008). Additionally,
it runs a historic streetcar line as well as cable cars (San Francisco Chronicle, 2008), which
has been designated as a National Historic Landmark and are a major tourist attraction
(San Francisco Beautiful, 2007). Short- and long-term ridership trends indicate an ongoing
shift in transit demand away from local bus services and toward regional rail systems: while
ridership on rail systems has grown steadily over the decades, bus ridership has dropped
significantly. On a per-capita basis, ridership on Bay Area buses has fallen by one-third
since 1991 (MTC, 2017). Given that the majority of Bay Area transit trips take place on
buses - rather than trains - this has played a major role in the overall per-capita decline in
regional transit use (MTC, 2017). Table 6.1 below lists the transit agencies, nine counties,
and major partner agencies that constitute the San Francisco Bay Area.
Bay Area Rapid Transit, a regional Rapid Transit system, connects San Francisco with the
East Bay through the underwater Transbay Tube (San Francisco Chronicle, 2008). Another
commuter rail system, Caltrain, runs from San Francisco along the San Francisco peninsula
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Table 6.1: Bay Area Transit Angencies and Partners

to San Jose. San Francisco Bay Ferry and Golden Gate Ferry operates to points in Oakland,
Alameda, South San Francisco, Marin County, and Solano County. San Francisco was an
early adopter of car-sharing in America, with the non-profit City Carshare opened in 2001
(Getaround, 2019), closely followed by Zipcar (Zipcar, 2019). To accommodate the large
amount of San Francisco citizens who commute to the Silicon Valley daily, companies like
Google and Apple have begun providing private bus transportation for their employees from
San Francisco locations south to the tech start-up hotspot. These buses have quickly become
a heated topic of debate within the city, as protesters claim they block bus lanes and delay
public buses (McBride, 2013). Transit asset condition performance varies widely in the Bay
Area: for example, while none of the light rail vehicles are past their useful life, 50-80% of
longer-distance service-providing commuter and heavy rail vehicles are (MTC, 2017). However, with new BART trains already in service and plans for electric Caltrain locomotives
expected to be implemented in 2022, regional performance in this area is expected to improve
in future years. Despite this, nearly a quarter of the Bay Area’s maintenance facilities are
deemed to be in poor or failed condition by federal performance standards.

Excluding individuals who work from home, over 3.7 million Bay Area workers must find a
way to travel to their jobs each workday. Their choice of mode of transportation, departure
time, and trip origin and destination all play crucial roles in determining the ultimate doorto-door travel time (MTC, 2017). The cumulative result of these daily decisions is reflected
in the average commute time for the region; increasing congestion and longer-distance commutes to job centers in San Francisco and Silicon Valley have contributed to this trend, with
15% having extreme commutes of more than one hour each way (MTC, 2017). Commuters
choosing to drive alone spend 29 minutes getting to work, while those choosing transit log an
average commute time nearly twice as long at 51 minutes (MTC, 2017). The longer transit
commute times are not surprising considering nearly two-thirds of transit commuters work
in San Francisco. Given congestion in San Francisco and its related impacts on Muni, as well
as long-distance commutes on BART, Caltrain and express buses from other counties, it is
difficult for these commuters to get to work in 30 minutes or less, resulting in above-average
travel times for transit users.
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6.4.3

Private Car Ownership and Use

While three-quarters of residents still drive to work, the share of residents making this choice
has declined by over 6 percentage points since 2000 (MTC, 2017). This trend accelerated in
recent years, powered primarily by growth in both public and private transit, as well as active
modes like walking and biking. In contrast, the decline in share of auto-commuters in 2016
was mostly attributable to growth in telecommuting. This reflects congested conditions both
on the roads and aboard transit vehicles, making telecommuting increasingly attractive. As
a result, the share of Bay Area telecommuters in 2016 was higher than any year on record
(MTC, 2017). While past years have seen significant annual growth in congested miles
traveled, traffic congestion did not notably get worse in 2016 compared to the previous year,
despite a booming economy and corresponding growth in jobs and population. According to
the American Automobile Association (AAA), the average cost of owning and operating a
car is $706 per month, including expenses such as annual maintenance and repair, insurance,
and parking (Edmonds, 2018).

6.5

SF Bay Area Development Trends

Statistics on car-free households and numbers of vehicles per household for cities is one
method of assessing a city’s reliance on cars. In a 2015-2016 calculation by the Census American Community Survey, it was estimated that the number of households without vehicles
decreased from 31.2% in 2015 to 29.9% in 2016; alternatively, the number of vehicles increased
from 1.07 to 1.10, respectively (Census American Community Survey, 2019). According to
the 2018 San Francisco Mobility Trends Report by the SFMTA, San Francisco is expected to
add another 200,000 new residents and 150,000 new jobs by 2040 (SFMTA, 2019b). Further
investment in the sustainable modes will further the city’s efforts to achieving its new goal of
80% of all trips taken by sustainable modes by 2030 and net zero greenhouse gas emissions
by 2050 (SFMTA, 2019b). Since 2010, San Francisco residents’ use of bikes has increased
six percent, while use of mass transit (BART, Muni, and Caltrain combined) has increased
five percent, in contrast to a national trend that has seen mass transit use decline across the
United States (SFMTA, 2019b). Conversely, mass transit use is down since 2002. In 2003,
the city saw a sudden, sharp decline of over 60,000 rides per week and has never reached
previous highs since, even as the population increases. In line with the estimated increase
in private car ownership calculated by the Census American Community Survey vehicular
traffic entering the city is up 27 percent since 2010, with the total number of vehicles registered in the city having grown by six percent, adding 26,000 more vehicles (SFMTA, 2019b).
On the subject of ride-hailing apps, the report states that approximately 45,000 Lyft and
Uber drivers are active in the city, noting that they account for about half of the total increase
in congestion in San Francisco between 2010 and 2016, with population and employment
responsible for the other half (SFMTA, 2019b). Currently, approximately 45% of the city’s
GHG emissions are due to transport, and San Francisco has an ambitious greenhouse gas
emissions target of net zero emissions by 2050 (SF Environment, 2019). Between 1990 and
2016, San Francisco’s carbon footprint was reduced by 30% while population increased 20%
and the GDP (gross domestic product) increased 111% (SF Environment, 2019). The city’s
progress towards its climate goals proves it is possible to reduce greenhouse gas emissions
while still growing the economy. Emissions from the transportation sector have decreased 2%
below 1990 levels, largely due to higher fuel efficiency standards and more ”clean” vehicle
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fuels mandated by the State of California. With a long history of climate change policy
marked with major milestones such as AB 32 which mandated a return to 1990 levels of
greenhouse gas emissions by 2020 (California Air Resources Board, 2014), and the passing in
2006 of the largest cap-and-trade system in the nation, California has built a reputation for
advocating for stricter state environmental regulations than those mandated by the federal
government. Further, the 1970s Clean Air Act allowed California to regulate the overall fuel
efficiency of car manufacturers’ fleets (Berkeley Political Review, 2018).

6.6

Sustainable and Smart City Goals, Plans, and Visions

As a finalist in the Smart City Challenge, San Francisco was awarded 11 million dollars
dedicated to projects for reducing transit travel time, emergency vehicle response time, and
traffic incidents (Funk and Deininger, 2018). The city plans to use these funds to conduct
research on six projects, including smart traffic signaling and the deployment of autonomous
shuttle buses to serve intra-island trips on Treasure Island. With more than half of all trips
in San Francisco made using public transit, city leaders have selected transportation as the
focal point of their plans (Funk and Deininger, 2018).
To reach these goals, the city has created roles within city government to foster innovation.
Specifically, the city hired its first Chief Data Officer (CDO) in response to citizens wanting
clear data privacy rules. The CDO strives to strike a balance between protecting residents’
privacy rights and concerns, and the need for data to fuel smart city policy and pilot programs. The city is focused on stakeholder engagement and encourages residents to submit
proposals to the Mayor’s Office of Civic Innovation. Having a centralized hub allows for
the prioritization of resources and collaboration necessary to meet the city’s aspirations of
becoming a smart city.
Additionally, San Francisco has allocated a portion of its Department of Transportation funds
for its SFpark project, which uses wireless sensors to create smarter parking management
through demand-responsive pricing (SFMTA, 2019a). Installed in 8,200 on-street spaces
in the piloted areas, the sensors can adjust prices in real time depending on the number
of spaces available. This feedback is sent to app-users who can easily locate the closest
available parking spot. SFpark has helped reduce traffic miles and greenhouse gas emission
by 30 percent in the areas where the pilot was launched (SFMTA, 2019a).
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Chapter 7
Results
7.1

Document Analysis

Of the six planning documents analyzed, only one, Plan Bay Area 2040, had no mention of
any of the 17 analytical themes. Table 7.1 tallies the number of documents shown to mention
each of the themes with significance. Table 7.2 shows a summary of all documents, the score
assigned to each depending on whether or not any significant mention of an analytical theme
was mentioned, and a list of all themes each document touched upon.
Table 7.1: Themes Covered per Document

The Autonomous Vehicles Perspective Paper came out on top with the highest score possible, having addressed all 17 analytical themes throughout the document. This was not
surprising, as this document originated with the intent of exploring a variety of aspects related to the effect of autonomous vehicles on the San Francisco Bay Area’s future trajectory
of regional growth. As a collaborative effort between the regional transportation planning
agencies MTC and Association of Bay Area Governments (ABAG), and the private firm
Arup Group Ltd., the purpose of this paper was to consider questions and potential solutions of a disruptive technology that fall out of the traditional regional planning process.
The concepts within the document ranged from the establishment of guiding principles of affordability, connectedness, diversity, health, and vibrancy, as they pertained to autonomous
vehicles, to potential strategies with the aim of reaping the benefits of autonomous vehicles,
while mitigating their negative implications.
The second-highest scoring document was the transcribed presentation of the Future Mobility Research Program (FMRP), which used a point-of-departure of the Autonomous Vehicles
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Perspective Paper. Thus, it is expected that the themes addressed in this transcription of a
presentation of the FMRP and its work cover many of the same themes as the Perspective
Paper. This presentation was given with the intent of informing the Bay Area planning
committee of the accomplishments, findings, and future research plans of the FMRP.
The documents Toward a Shared Future and Futures Interim Report had comparable scores
of eleven and ten points, respectively. The former document was composed of eight strategies for a more mobile Bay Area with a horizon of 2050, with particular focus on the fair
pricing of mobility and the reduction of VMT demand by improving the reliability, convenience, and cost of other modes of transportation. The Futures Interim Report read as a
sort of continuation of the Plan Bay Area 2040, describing potential future challenges that
the Bay Area region will face, and what regional policies and investments are relevant in the
discussion of the region’s projected growth.
The 2017/2018 Joint Advocacy Program attachments were understandably the lowest-scoring
documents, as they were documents specific to two meetings of the MTC Legislation Committee, the responsibilities of which are to recommend MTC legislative policy and represent
the Commission in the legislative process. These documents briefly mentioned autonomous
vehicles as they pertained to issues of social equity, regulation, and future infrastructure
needs.
Tables 7.3 and 7.4 have compiled the content of the five documents (initially six, minus the
Plan Bay Area 2040 found to contain no themes), organized by each analytical theme in the
form of a question. The findings can be summarized as follows, and serve to answer this
report’s first sub-question of identifying the focal points on the topic of autonomous vehicles
in the regional planning of the San Francisco Bay Area:
1. Technology: With the Bay Area in a unique position to leverage its technological
innovation, diversity, and economy as its resources, the region can take advantage of
the opportunities of AVs while mitigating against the potential risks. Two key themes
of opportunity and uncertainty arise from the technology.
2. Public Transit: Public transit remains crucial with or without AVs. At its best,
AV tech can work in parallel with transit to support and increase transit ridership by
reducing cost and increasing flexibility, accessibility, and connectivity. AVs could hurt
or help traffic congestion, so consideration of fleet-ownership is crucial.
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3. Regional Network: AVs could present challenges for the region’s already capacityrestricted transportation network, and the repercussions of AVs will differ significantly
across the various densities of the region.
4. Environment: AVs could support or undermine efforts to meet GHG emissions reduction goals. AVs that are electric vehicles would be a vital mitigation strategy for
this.
5. VMT: Zero-occupancy vehicles will likely circulate, and VMT will likely increase, due
to induced trips, longer trips, and more non-driving persons with increased access to
individual car travel. VMT reduction is only achievable if land use and transportation
are planned in tandem.
6. Transportation Network Companies: Shared AVs would allow for the abandonment of the private ownership model, but will have the adverse effect of furthering
the demand for curbside passenger loading space, conflicting with other motorists,
bicyclists, transit vehicles, etc.
7. Automation Impacts: AVs could significantly disrupt labor markets, causing rapid
job loss or shifts to other occupations.
8. Public Safety: 40-90% increase in safety predicted, with the reduction of human error
in driving, contributing to Vision Zero goals of no collisions. However, uncertainty with
50

Chapter 7

Mei Tsuruta

Planning in the Face of Technological Innovation

the sophistication of the technology creates the potential for unsafe street conditions
for all roadway users.
9. Data Security: AV technology creates new challenges for cyber attacks and other
safety risks to data privacy and security.
10. Electric Vehicles and Electrification: Low-cost electric AVs can make mobility
more affordable, but will require new infrastructure for charging. Unless AVs are
predominantly electric, they will likely increase GHG emissions.
11. Social Equity: AVs should accelerate equity benefits, with identified Communities
of Concern being of particular focus in overcoming inaccessibility, inequitable service,
and discrimination. AVs may create an exclusive, costly service that does not benefit
all residents.
12. Land Use: Transportation and land use must be planned together. With a potential 90% reduction in the demand for parking, these spaces must be considered for
repurposing.
13. IT Infrastructure: AV technology will likely require additional investments in utility infrastructure, as digital infrastructure and supportive data standards create the
foundation for mobility innovation.
14. Negative Impact Mitigation: AV impacts have their associated opportunities and
risks. The Perspectives Paper in particular has a mitigation strategy for each of the
main perceived risks.
15. Regulation: The novelty of AV technology may result in a patchwork regulation by
multiple diverse government agencies. A TNC case study showed that specific local
jurisdiction (e.g. over curb use) may empower municipalities to enact regulation in
addition to state laws.
16. Ownership Models: The documents mentioned autonomous vehicles as shared vehicles such as those utilized by TNCs, privately owned vehicles, and as fleet-owned
vehicles.
17. Partnerships: Coordination between state and local actors can lead to valuable funding support. The Future Mobility Research Program is a partnership between 4 California MPOs to pool agency resources and benefit from a consistent framework, collaborative research, and to streamlines processes. There should also exist partnerships
between Bay Area cities and counties, transit agencies, the business community, and
other transportation organizations.
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Table 7.4: Document Analysis Findings by Theme (continued)

7.2

Interview Analysis

Through the interviews conducted with each of the four individuals listed in Table 5.3,
responses were collected on various topics pertaining to autonomous vehicles, as listed in
the Interview Guide (see Appendix). The transcripts were then coded in NVivo, yielding
a second set of analytical themes generated from the interviewee’s responses. The findings
can be summarized as follows, and serve to answer this report’s second sub-question of
identifying the focal points on the topic of autonomous vehicles in the regional planning
of the San Francisco Bay Area, as identified through one-on-one interviews with planners
involved in AV planning and research:
1. AV Impacts:
• Environmental: Considering the environmental impacts of AVs, the discussion was largely dominated by concerns regarding greenhouse gas emissions, with
climate change and resilience to a lesser degree. Three planners valued the importance of the potential impact AVs may have on city or regional goals for GHG
emissions reductions and to be in line with climate action plans, while Planner
B had minimal concerns for emissions, as it was believed that electrification is a
much larger trend occurring within the automotive industry. Planner B foresees
a major shift away from fossil fuels at a rapid pace, with the concern perhaps
becoming how energy is produced from an electrification standpoint.
• Land Use: On the topic of how AVs may affect land use, two planners noted
how increased AV usage could free up parking spaces for repurposing for other
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uses. This is a topic that is front and center for Planner C, who has clients wondering whether building parking is a smart investment, considering the monetary
cost. Planner B noted that although there is a small segment of the city planning
community that recognizes a shift towards having a different approach to transportation planning and how it relates to land use, a bigger problem is that many
planners do not recognize the urgency that society faces in terms of climate, and
the linkages between transportation and housing. Planner D spoke of land use
from the standpoint of AVs being one possible solution to the first/last-mile problem, which is inherently a land use problem. In that sense, AVs are a secondary
solution to a land use problem.
• Partnerships: All planners supported the value in establishing partnerships
across sectors, whether it be between academia, the public sector, autonomous
vehicle developers, or TNCs. Planner A hopes to leverage the collaboration between the four major MPOs in California to continue with the Future Mobility
Research Program, as well as for MTC as an agency to support and participate in
discussions with outside agencies. Three planners made mention of the obstacles
in establishing close partnerships with the private sector and industry, typically
because the companies developing AV technology are highly competitive and are
often hesitant to disclose information. It is hoped that TNCs in the future will
partner with agencies to advance social equity efforts and first and foremost meet
the needs of the people. Planner B states that as studies have shown, rideshare
as a serve has dramatically improved service for low-income and minority populations that have been traditionally underserved and redlined by transit. Using
this as a case, it is believed that more and more partnerships between private and
public will be seen.
• Public Safety: It was a unanimous belief that by reducing the human factor
from driving, AVs present a large opportunity for safer roadways toward meeting
Vision Zero goals and to produce a more streamlined and efficient highway system.
However, new types of safety concerns also arise, from safety of pedestrians and
cyclists sharing the roadway with AVs, to the concept of safety inside the AV itself
if a shared ride. Planner C adds the concern for the need for safety from rider
data being misused, such as data relating to private and personal information.
• Social Equity: Social equity was a resounding issue for Planners A, C, and D,
where it was stated that AVs should be used as an opportunity to rethink how
under-served populations could achieve the same levels of mobility as wealthier
populations. From the equitable pricing of AVs by subsidization, to leveraging
AVs to address first/last-mile problems, AVs should enable mobility, not make it
an exclusive or isolating service, which may be achievable particularly if AVs are
fleet-owned. Planner C remarks that equity is something that is foundational and
fundamental to many planning problems, although not for AV developers, who are
not working on accessible vehicles, for example, but rather retrofitting standard
cars to have AV functionality. While the is understandable as AVs are still in
the research and development phase, Planner C urges that industry integrate
the equity of these systems earlier on. Planner B expressed little concern that
the social equity dimension would be a significant issue in the future, citing the
success that ridesharing has had in serving low-income and minority populations
by offering an economically feasible solution to mobility obstacles.
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• Technology: Much of the planners’ responses regarding AV technology was characterized by uncertainty in the possible pros and cons. Planner A expressed
cautious optimism about the ability for AVs to promote liveable and accessible
communities, with many of the potential impacts relying on what ownership models dominate the market. There is a feeling on the public side that the message
that AVs will be a savior to many current transportation problems is of a concern, which aligns with Planner D’s comment that there exists a gap between the
reality of where the technology stands versus the public perception. MTC as an
agency is exploring the risks that AVs would pose in various future scenarios, with
significant expected increases in VMT and other risks. The pros mentioned by
the planners included the potential for AVs to: reduce vehicle collisions, support
transit ridership, reduce GHG emissions with electric AVs, advance social equity,
increased mobility for those lacking mobility or the ability to drive, and increased
value of time spent traveling in the vehicle. The cons mentioned included the
potential of AVs to: increase GHG emissions, compete with transit, exclude lowincome and minority populations, urban sprawl, continued auto-dependency, and
increased risks to bicyclists and pedestrians.
• Transit: AVs as one solution to supporting transit ridership, whether by working
as a first/last-mile option, or increasing night time services to make up for transit
that cannot operate for long hours in the evenings. One concern brought up
by Planner A is the potential for induced travel if a more efficient transportation
system equated to less congestion, bringing the issues back to square one. Planner
B considered a future in which connectivity is more integrated with mobility,
where AVs serve as one option in a suite of travel options, which are optimized
and timed in parallel to link to whatever type of transit system. This necessitates
a connectivity between providers of autonomous fleets, owners of autonomous
vehicles, and operators of transit systems. Planner C echoes the hope for a more
connected system; a future in which there is no difference between what is today
called transit versus private mobility. Planner D asserts that the BART system
in particular will fare well in a world of AVs, while local transit systems serving
short trips may not do so well if AVs make it easier for first/last-mile connections.
AVs can make for the opportunity to eliminate unproductive transit service and
replace it with systems of small, autonomous shuttles right-sized vehicles for those
environments.
2. Challenges: The challenges expressed by Planner A are those of: managing the public
expectations of what AV technology is capable of, partnering with industry because the
technology changes at a rapid pace and oftentimes confidential, as well as the ability
to evaluate what the success of an AV rollout might look like. Planner B is concerned
with the issue of how energy will be produced from an electrification standpoint, the
data infrastructure that AVs will require, and the skills that planners will require in
the future to manage large sets of unique TNC or autonomous ride data. Planner C
was most concerned about public safety and the social equity aspect, while Planner D
notes how AV technology will likely be introduced incrementally over a longer period
of time, while the economy and other variables are changing simultaneously, tangling
the problem further.
3. Mobility: Similar to the social equity aspect, all planners see a potential in the benefit
AVs could bring to addressing mobility needs, from accessibility needs to the need for
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more convenient, frequent, and safer services. Planner D notes the potential to disrupt
how public transportation operates in lower-density environments by offering more
flexible routing, as traditional fixed-route transit often does not work well. Planner B
expressed concern for the over-assumption of shared mobility, which those in the planning and engineering professions assume based on certain behavioral and demographic
trends that are in fact oppositional to fundamental behavioral economic trends.
4. Ownership Models: All planners spoke with the possible impacts of AVs heavily
relying on what ownership models dominate. The cost of privately versus publicly
owned AVs would skew the perspectives of many of the impacts listed above; Planner
B asserts that the market will eventually lead to individuals owning their own private self-driven car, and the question will become how to create an optimized shared
network between these owners, transit system owners, and providers of autonomous
fleets. Planner C states that with a fleet-managed mobility, system, the ability exists to not only apply programs and policies much more deeply than with individual
drivers, but also to cultivate the service for the individual. Planner D also states the
additional benefit of fleet-owned AVs being the potential to accelerate EV adoption,
which currently is not moving along the trajectory that California wants.
5. Regional Effects: Planner A speaks of MTC’s role as being from a high-level perspective in what AVs mean to the larger, broader goals for the region, rather than how
the AVs will actually operate and function. Some Commissioners have expressed an interest in AVs and what their potential implications are on local planning, with some of
the opinion that AVs will come quickly and something should be done now, while others are wondering how AVs can be incorporated into general planning aspects for their
cities, noting that some of these general plans are not updated very often. The topic of
AVs could present an opportunity for MTC to learn and collaborate, and help spread
the message to others that may have less resources than San Francisco an other larger
cities across the region. One of Planner B’s larger fears of the regional impact was that
AVs become so cheap and convenient that it leads to even more congested roads full of
people taking autonomous rides. Planner C had the optimistic perspective that AVs
could present the change to think differently from how community and transportation
planning historically have catered to the private car, specifically, to change how people
pay for mobility. Planner D made a similar statement of the need for planners to stay
ever vigilant to ensure the same mistakes as the first wave of the automobile era in the
1950s are not made again. AVs were one of the reasons MTC is working on Horizon,
one of the two components of the long-range regional plan for the Bay Area. In an
environment with uncertainty from AVs climate change, and economic and political
shifts, the way in which long-range planning was done had to be re-designed. With the
AV industry being headquartered in the Bay Area, its success or failure could interact
with the region’s economy.
6. Regulation and Policy: Planner A states that MTC does not yet have a strategy
on how it fits into promoting or helping to regulate AVs, as it is often dependent upon
what the cities are interested in doing and how they plan to regulate their own streets
and curbs, which MTC does not often get to weigh in on. It is linked back to the
equity perspective that if AVs could be regulated to the point they could be electric
and cheap, this would be a great opportunity for many users. Planner B, noting the
speculative nature of predicting the future regulatory climate, assumes that more and
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more regulation and barriers for AVs to enter the market will arise, which will be
an impediment to low-income minority populations. In this situation, it should be
encouraged to have as many providers of AV services as possible to drive down the
cost to provide a service that is as affordable as possible. Planner B also states that
every community is increasingly facing pressure from the state and federal government
to regulate things they feel are within their purview at the local/neighborhood-level
to regulate. This trend towards centralization of policy, and what people are calling
preemption of local communities, is going to continue. Planner C states that the federal
government has thus far taken a neutral but encouraging stance on the AV industry,
and expects that states will continue to patchwork make their own systems regulating
licensure and pilot program development; the federal government will likely come in
with safety requirements, while city governments regulate the curb and flow of traffic.
Planner D states that each type of agency has a different role to play - for MTC, it is
to understand what AVs might entail and to inform policymakers about investments
and policies and how they may change in a world of AVs. While there is little current
regulation of AVs, particularly at the national level, Planner D is interested to see
what California and other states that have AV testing on public roads proceed to do
and how regulatory action may be spurred in these environments.
7. Planner Role: All planners stated having participated in publicly speaking on autonomous vehicles, whether at planning conferences, with the general public at large,
or in regional planning committee meetings. Planner A as a principal planner with
MTC has had a role of engaging in discussions with industry leaders and politicians
throughout the region, with the aim of having a high-level discussion on the potential
implications of AVs. It is a concern for Planner A that AVs may be a polarizing issue
for some, similar to TNCs, and this polarization could result in loss in great opportunities. It is the role of the planner to think about AVs in the right away and make
them work for the communities we envision, and not only how we plan for AVs to be
in communities. MTC has heard in previous public meetings of long-range planning
efforts that there is much interest from community members in terms of what future
investments may not be needed in a future with AVs. In Planner A’s opinion, MTC’s
stance message can be to serve as a platform or the opportunity to promote awareness
and understanding of what some of the issues surrounding AVs are, and getting back to
understanding who may use them and who may be left out of these systems. Planner
D states that it is incumbent on planners to address society’s problems of today of
gridlock and crowded transit, but also be forward-looking about things that the public
may not imagine in the next two to five years. Planner B, having a background in
planning, engineering, and economics, has pushed research on AVs with attempting to
spur a public dialogue in the Bay Area, as well as internationally. Their role has been
to facilitate a multi-sector dialogue about the future of cities with AVs and to develop
management strategies for future technologies. Planner C focuses on transportation
technology with a specialization in AVs, helping local projects in the Bay Area as
well as globally to shape business and policy around transportation technology and
intelligent mobility.
Figure 7.1 summarizes each of the interviewed planners’ most frequently covered themes, with
the horizontal bars representing each theme as an approximate percentage of the planners’
entire responses. Planners A, C, and D talked at length about the role of the planner,
whether regarding their personal experiences or speaking more generally, while this theme
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Figure 7.1: Themes Covered by Planners by Percentage Coverage of Responses

came in fourth highest percentage coverage for Planner B. This is likely due to the fact
that Planner B’s current role weighs more heavily on the side of academia. Planners A,
C, and D also similarly spoke at length about autonomous vehicle technology, social equity
concerns, and the importance of partnerships between the public and private sectors, while
Planner B had more to say on the topic of regulations and policy, as well as the challenges
surrounding autonomous vehicles. The themes least covered were those concerning land
use and environmental impacts, as well as public safety and ownership models. This is not
surprising, as all planners expressed that many aspects of autonomous vehicle technology
is highly speculative, and therefore not much could be said on the foreseeable outcomes of
these themes.
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7.3

Comparisons

With the findings of the document and interview analysis in mind, I have attempted to draw
some comparisons between the two sets of data in terms of their content and weighing of
themes.
Table 7.5 shows that the themes of data security, electric vehicles, IT infrastructure, negative
impact mitigation, and automation impacts were evident in the analysis of the documents
(blue) but not majorly in the interviews, while the themes of the planner role, mobility, and
public safety (red) were evident in the interview findings but were not significantly present in
the documents. The table lists the major themes derived from each source of data, in order
of the most evidently mentioned themes in the top row, with decreasing emphasis moving
down the table.
Table 7.5: Common and Unshared Themes Between Document and Interview Analysis

It can be seen that the themes of most significance that are shared between the two data
sources are those of autonomous vehicle technology, social equity, and public transit. On
the topic of technology, both the documents and interview respondents expressed an optimistic uncertainty on the possible pros and cons of an autonomous vehicle presence in the
Bay Area, and in this sense were similar. One of the interviewees commented on believing
there to be a gap in knowledge between the reality of where autonomous vehicle technology
stands versus the public’s perception. This is an example of the type of perspective not
evident in the documents themselves, but may color the way a planner frames the issue.
The documents and interview responses were overwhelmingly similar in their consideration
of social equity concerns, with the common hopes and aims of accelerating equity benefits,
minimizing discrimination and inequitable services, and prioritizing future autonomous vehicle services for identified Communities of Concern. On the theme of public transit, the
document findings emphasized the importance of public transit, even with the embracing of
AVs. The documents largely discussed how AVs could work in tandem with transit, while
also mentioning the consequences of the potential for their competition with each other. The
interview finding similarly advocated for the use of AVs in support of transit, specifically as
one option to providing first/last-mile solutions, increasing night time services, and a more
integrated transportation network. Following is a discussion of the results in light of the Literature Review and Theoretical Framework of the multi-level perspective of socio-technical
transitions.
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Discussion
Earlier in this report, identified were the relevant existing academic literature pertaining to
the topic of autonomous vehicles as laid out in the presented research question and subquestions. The review was divided into the sections of: a) smart cities, b) the impacts
of autonomous vehicles on transportation planning, c) governance, equity, and the current
state of policy, and d) urban mobility change. In light of what was already known about
the research problem being investigated, this chapter is structured with two main aims: 1)
to explain any new understandings or insights that emerged as a result of the study of the
problem, and 2) to interpret and describe the significance of the research findings with the
applied lens of the theoretical framework of the multi-level perspective model.

8.1

Understandings and Insights

The document and interview findings unanimously show how the autonomous vehicle will be
a future reality for the Bay Area, serving as a rapidly evolving smart city solution - specifically, one that could enable improvements in mobility, connectivity, security, and sustainability. However, these four aspects of smart cities have been ones not historically planned
for in consideration of each other, but rather, as distinct entities. It is only relatively recently
that the electric vehicle has become a fully-fledged and affordable option to the gas-powered
automobile, and the internet did not exist just a few decades ago. Likewise, sustainability
was not at the forefront of many city and region-wide planning initiatives until the topic of
climate change became a resounding global issue in the last decade. Autonomous vehicles
represent an impending disruptive technology that touches upon all of these aspects, and
will similarly require a novel way of planning for them. Both the document and interview
analyses show that for the Bay Area, autonomous vehicles are very much seen as an opportunity to preemptively make the right planning decisions from before their inception, by
making a substantial shift in the way long-term transportation planning processes are approached. This is most evident in the comprehensiveness of the Horizon Perspective Paper
on Autonomous Vehicles, which attained a perfect score in its covering of the most common
themes on the topic. From its identification of various future scenarios, to its consideration
of possible impacts and strategies for negative impact mitigation, this document showed
the support and planning efforts being put towards developing a new way of comprehensive
transportation planning for the region.
While neither the documents nor the interviewees covered the topic of governance or regulation at length, the Autonomous Vehicle Perspective Paper was the culmination of a
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collaborative effort between the public and private sector, namely the Metropolitan Transportation Commission and Arup, Ltd. The paper is aimed to be utilized by the MTC, with
its establishment of the Future Mobility Research Program, to inform future policy on how
autonomous vehicles may dramatically alter the Bay Area’s trajectory. Interview respondents from the MTC described their personal experiences in stakeholder engagement and
public involvement, particularly in the consideration of the future-scenario planning process.
Additionally, all interviewees spoke highly in favor of a closer partnership between the public
and private sectors, especially with the developers of AV technologies. Their comments on
the importance of the governing of AV technology to be distributed among the industry and
the public sector alike show that the personal perceptions of the planners interviewed are in
line with the emerging concepts of more flexible and networked mechanisms of governance
involving a variety of actors and sectors.
Social equity was a theme at the forefront of both the document and interview analyses. It
was recognized in the documents that the Bay Area has a process for identifying Communities of Concern in the region, which is intended to represent a cross-section of populations
that could be considered disadvantaged or vulnerable in regards to both current conditions
and potential impacts of future growth. The region has an objective to advance equity by
promoting access to housing, jobs, and transportation for at-risk residents. Despite that academic literature has shown ridesourcing and shared mobility services to be more likely used
by younger, better-educated, and affluent individuals, the research findings have shown that
for the Bay Area, autonomous vehicles are hoped to be used as a springboard for promoting a
more equitable transportation network. Of note is that while the Plan Bay Area 2040 had no
mention of autonomous vehicles and was thus virtually nonexistent from the Results chapter of this report, it does explicitly state social equity objectives and appropriate means of
assessing their achievement. Lastly, it can be said that the from the document and interview
analyses, there is a strong sense of the Bay Area moving toward a more sustainable mobility
paradigm, evident in its support and engagement in public discourse, empowering of stakeholders through participatory governance activities, and inventive approach to its traditional
long-range planning processes. In addition to the inclusion of environmental, economic, and
equity aspects, the planning documents analyzed and the personal views of the planners
interviewed are largely in agreement with each other. The interviewees’ responses displayed
a willingness and eagerness to shift the mindset of planning away from deeply embedded
transportation norms and values, trending toward the achievement of region-wide goals of
equity, diversity, and growth for the region, accelerated by smart mobility solutions.

8.2

The Multi-level Perspective Lens

The findings of the document and interview analyses showed that the contents of each data
source were largely in line with each other (Table 7.5), particularly on the themes of technology, public transit, and social equity. In addition to the data source findings being in
agreement with each other rather than contention, all documents when considered together
comprehensively covered the main points of concern, as were identified in the development
of the Document Analysis Checklist. The Autonomous Vehicles Perspective Paper, which
scored the highest, served as a document that cautiously informs the reader of an impending
technology, weighing various possible outcomes, rather than intending to sway the reader
to fully support autonomous vehicles or otherwise. Through the analysis, all documents
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appeared to first and foremost educate the reader, while also acknowledging the uncertainty
of the technology and advocating for further funding and research in the area. For the interviewees, three of the planners had similar viewpoints and shared their most emphasized
themes, while the last planner who is currently working in academia had more of a focus on
the foreseeable challenges and effects on the region. On a higher level, all planners shared
the viewpoint that the autonomous vehicle will be a significant force to be reckoned with in
time, and that the technology should be leveraged to achieve social equity goals and spur a
more connected, efficient transportation network.
The Theoretical Framework on the multi-level perspective on socio-technical transitions presented a method of understanding how a societal change comes about. This research was
conducted on a technology that is not yet fully realized, but when a reality, will be a major
contender as a niche innovation to disrupt the decades-old stable regime of the gas-powered
automobile. It was established in this earlier chapter that what constitutes the landscape
is the intangible societal landscape of how people generally feel about a technology and the
common discourse surrounding it. Planners, who are in a profession which lies at the intersection of various disciplines such as politics and sociology, are one key piece of this landscape,
with a unique power to interface between key decision makers and the the general public.
This research’s findings have shown that for the four planning professionals interviewed,
there was much emphasis on the topics of autonomous vehicle technology, the importance
of public-private sector partnerships, and social equity concerns. Considering that previous
literature has shown a lack of explicitly stated social equity objectives in the transportation
plans of major metropolitan areas in North America (Manaugh et al., 2015) and the growing academic conversation around governance of smart mobility, the interviewees’ responses
clearly exhibit a contemporary way of framing and addressing planning problems in the Bay
Area.
With the publishing of the Autonomous Vehicles Perspective Paper as one hallmark of the
new Horizon initiative, its creation and the discourse surrounding it and the Bay Area’s
long-term planning is one that can be seen as moving the region towards a new paradigm
of planning. In this new paradigm, it will not be the gas-powered automobile which characterizes the stable regime, but it will likely not be characterized by the autonomous vehicle
either. What the documents and interview findings have shown is that the autonomous
vehicle will not be a new dominating force that replaces the conventional car, and shouldn’t.
In order to avoid making the same mistakes as were made to catering toward the private car
and perpetuating dependency on an automobile, the autonomous vehicle must be one wellfunctioning part of a revitalized entire transportation network. Therefore, while the future
autonomous vehicle in whatever form it takes - whether autonomous bus, shuttle, or other
application - will represent a novel type of artifact with new requirements for its production
and use, the fact that it will operate alongside existing transportation modes within current
infrastructure means that it cannot be studied in isolation. The future stable regime of a
new smart and sustainable mobility paradigm can be one of an equitable, safe, efficient, and
streamlined transportation system that leverages ICT to achieve regional goals, driven by a
shift in the landscape that is sparked by the autonomous vehicle.
As the next Plan Bay Area 2050 is published, further research findings are made on the possible impacts of AV technology, and planners continue and widen the discourse on the topic,
these actions cumulatively put pressure on the current stable regime. Subject to the rapid
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pace of technological innovation, these pressures are likely to affect society’s dominant values
and beliefs, creating windows of opportunity for more innovations in the autonomous vehicle
industry to gain traction. However, if the niche innovation is not robust and mature enough
when the opportunity arises, it will not be able to take advantage of it - therefore, timing and
regulatory restrictions are critical. If the niche innovation is mature enough, it may compete
with the regime, such as autonomous electric vehicle ridesharing against human-operated
ridesharing cars. Alternatively, the innovation may be incorporated into the regime as a way
of relieving the landscape pressure, such as autonomous shuttles providing a more efficient
first/last-mile service. This latter adoption may over time drive the incumbent regime into
a new trajectory, for example, further prompting electric shuttle development.
Examining different theories of change is important, and the multi-level perspective models
shows that it is not merely market forces or strides in research and development that encourage or restrain radical innovations. Rather, it is an interdependent network of infrastructural, socio-economic, and institutional variables that form innovation and socio-technical
transitions. By understanding how social and technological change regarding autonomous
vehicles occurs, we can broaden ideas to create changes in planning policy, practices, and
communities for a more smart and sustainable future.
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Conclusion
This study has attempted to understand through various themes the perception of the future implementation of autonomous vehicles as an innovative, technological, and smart city
solution. The study wove these themes into a framework, through which a case study was
conducted on the San Francisco Bay Area of the potential integration of autonomous vehicles
in the region. Of the six planning documents analyzed, one received a top score of 17 out
of a possible 17 points on the themes covered, three had scores of 10 points or above, one
scored 8 out of 17 points, while the Plan Bay Area 2040 received a score of zero. It is not
entirely surprising that the regional long-range plan had virtually no mention of autonomous
vehicles, as the purpose of the plan was to set forth a vision of actionable items to achieve
regional goals, whereas autonomous vehicles remain too speculative of an area to be able to
make valuable statements in this context. The Horizon Perspective Paper on Autonomous
Vehicles, the highest scoring document, filled this gap as it is a document also published
by a division of MTC in addition to support from the private firm Arup, to serve as an exploratory resource. The most commonly covered themes addressed by the documents were
those of autonomous vehicle technology, the relation of AVs to public transit, and social
equity concerns. This is promising, as explicitly stated social equity objectives are not commonplace in many metropolitan transportation plans. The least covered themes were those
of the potential impacts of autonomous vehicle technology on job loss or a major shift of
occupations from the automotive industry. However, given the high degree of uncertainty
surrounding the issue, it is likely that neither the documents nor the interviewees chose to
delve too deeply into speculative territory, especially when concerning the potential impacts
of a large group of people’s livelihoods. All planning documents analyzed were published
within the last two years, and with work on the upcoming Plan Bay Area 2050 expected to
begin in August of 2019, it may be that this state-mandated, integrated long-range transportation and land use plan will incorporate better coverage of the autonomous vehicle issue
based on the findings from Horizon’s Perspective Papers and future research.
This research began with the hypothesis that long-range planning documents and the perceptions of transportation planners in the Bay Area alike would not address a future of
autonomous vehicles as one that is in need of urgent preparation. A review of six long-range
planning documents related to autonomous vehicles in the Bay Area and the responses gathered from four planners actively working on autonomous vehicles in some capacity finds that
the planners are in fact very much in a preparatory mindset, with each individual dedicated
to various facets of the issue, from transportation technology, to promoting a multi-sector
discourse, to envisioning distinct scenarios for a Bay Area in which autonomous vehicles
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are a reality and a presence. Uncertainty surrounding the potential impacts and timing of
autonomous vehicles was the single unifying theme among the documents and the planners’
responses, however the Horizon Autonomous Vehicles Perspective Paper adequately undertook this challenge by providing an exploratory look at the possible ways in which AVs could
be leveraged to meet regional goals, as well as what mitigation strategies could be employed
to counteract the foreseeable negative impacts. In addition to the collaborative research
being done on AVs by the Future Mobility Research Program, the interviewed planners are
actively engaged in stakeholder engagement, publicly speaking about AVs at panels and conferences, and all see a significant value in establishing a closer public-private partnership.
Autonomous vehicles are not only a transportation issue, but are an issue which touch upon
numerous aspects of city and regional development, as well as societal factors of equity,
human behavior, and public safety and health. Considering this, if the topic of autonomous
vehicles is one that is only a conversation among people who work in the transportation field,
there is a danger of recreating the same mistakes as those that came with the automobile era
of the 1950s. This conversation must include individuals and agencies interested in housing,
community development, and economic development. In urban areas increasingly driven
by smart city and smart region ideals, policy decisions that do not consider AV technology
may have wide-reaching and costly consequences for this impending change. As AVs will
change not only the way we travel, but people’s way and quality of life, planners are uniquely
situated in the landscape of transportation and mobility to enable the conversation to be
inclusive to partnerships and proactive in pursuing social equity efforts, so that the windows
of opportunity in which AVs will permeate the future status quo will have their benefits
maximized to contribute to achieving larger, regional goals.

9.1

Future Research Areas

The findings of this research have been difficult to generalize due to the minimal availability
of autonomous vehicle-related regional cases in academic literature. The research is limited
in that it emerges from examination of only one region, the San Francisco Bay Area. To
further refine and verify this framework, it would be interesting to see how the individual
cities and counties that make up the Bay Area perceive a future with autonomous vehicles,
as bringing the issue to this smaller scale will generate new perspectives and concerns about
AV technology. As autonomous vehicles touch upon numerous aspects of urban development
and society, any tangential area could be delved into, such as the impacts on land use. For
example: with the rise of autonomous vehicles will likely come more available land use
from obsolete parking spaces - how will cities continue to maintain their infrastructure with
reduction in budgets from reduced property value?
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Reflections
This research provided a valuable opportunity to study how individual transportation planners concerned with the regional growth of the San Francisco Bay Area perceive the future presence of autonomous vehicles. The overarching atmosphere around the topic of
autonomous vehicles was one of uncertainty, which echoed throughout the mentions of autonomous vehicles in the various planning documents studied. It was a relief to see that
while autonomous vehicles were not included in the current long-range Plan Bay Area 2040
which was adopted in 2017, the Autonomous Vehicles Perspective Paper by MTC, ABAG,
and Arup was quite extensive, the findings of which will inform regional transportation and
land use planning for the region moving forward.
Given more time, I would have liked to have interviewed more and a wider variety of planners,
such as those working at municipal agencies within the Bay Area who are actively working
on integrating autonomous vehicles into transportation planning. While this research focuses on the viewpoints of planners, it also would have been worthwhile to interview other
stakeholders involved in the autonomous vehicle movement, including those in industry, the
regulatory side, and engineers. Gaining a perspective from such individuals would help to
illustrate a more comprehensive and current understanding of the status quo. As all interviewees in this research spoke in favor of a more collaborative public-private partnership, it
would be particularly intriguing to learn of how autonomous vehicle developers view this idea.
Finally, a comparative case study could show how the technological, economic, and regulatory
environments of multiple regions through the United States differ in their handling of planning for autonomous vehicles. In particular, as state agencies work to develop policies and
regulations related to public safety, it would be interesting to see how various metropolitan
planning organizations leverage their resources and strengths to meet their goals for regional
development.
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