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Abstract

Academic research on automated vehicles (AVs) has to date been dominated by the
fields of engineering and computer science. Questions of how this potentially
transformative technology should be governed remain under-researched and tend to
concentrate on governing the technology’s early development. We respond in this
paper by exploring the possible longer-term effect of government (lack of) intervention.

The paper tests the hypothesis that a ‘laissez-faire’ governance approach is likely to
produce less desirable outcomes in a scenario of mass uptake of AVs than would a
well-planned set of government interventions. This is done using two prominent
themes in transport policy — traffic flow and accessibility — in a scenario of high market
penetration of Level-5 automated vehicles in capitalist market economies. The
evidence used is drawn from a literature review and from the findings of a set of

workshops with stakeholders.

We suggest that a laissez-faire approach will lead to an increase in traffic volume as a
result of a growing population of “drivers” and a probable increase in kilometres driven
per passenger. At the same time, the hoped-for increases in network efficiency
commonly claimed are not guaranteed to come about without appropriate government
intervention. The likely consequence is an increase in congestion. And, with respect to
accessibility, it is likely that the benefits of AVs will be enjoyed by wealthier
individuals and that the wider impacts of AV use (including sprawl) may lead to a
deterioration in accessibility for those who depend on walking, cycling or collective

transport.

We consider the range of possible government intervention in five categories:
Planning/land-use; Regulation/policy; Infrastructure/technology; Service provision; and
Economic instruments. For each category, we set out a series of interventions that
might be used by governments (at city, region or state level) to manage congestion or
protect accessibility in the AV scenario described. Many of these (e.g. road pricing)
are already part of the policy mix but some (e.g. ban empty running of AVs) would be
new. We find that all interventions applicable to the management of traffic flow would

also be expected to contribute to the management of accessibility; we define a small



number of additional interventions aimed at protecting the accessibility of priority

groups.

Our general finding is that the adoption of a package of these interventions could be
expected to lead to better performance against generic traffic-flow and accessibility
objectives than would a laissez-faire approach, though questions of extent of

application remain.

In our conclusions, we contrast laissez-faire with both anticipatory governance and
“precautionary” governance and acknowledge the political difficulty associated with
acting in the context of uncertainty. We point out that AVs do not represent the first
emerging technology to offer both opportunities and risks and challenge governments
at all levels to acknowledge the extent of their potential influence and, in particular, to
examine methodically the options available to them and the potential consequences of
pursuing them.

Keywords: automated vehicles; autonomous vehicles; self-driving vehicles; driverless

vehicles; governance; transport policy; accessibility; traffic flow; congestion

1 Introduction

The technological transition towards vehicle automation is making rapid progress in
numerous high-income countries (Chan, 2017). Level 4 and 5 automated vehicles (SAE,
2018)* are already being tested on public roads and public spaces in several countries
including the USA, Singapore, the UK, the Netherlands and France. National governments
are racing to position themselves as leaders in this field by enabling the technology to be
tested (KPMG International, 2018). Although a growing body of literature has started to
explore the potential social, behavioural and societal consequences of AV deployment, the
vast majority of the academic literature published so far has focused on technological issues

linked with AVs (Cavoli et al., 2017). Whilst it is understandable that most of the writing on

! SAE International categorises Level 4 as ‘High automation’ where the vehicle undertakes the
vast majority of the driving tasks and Level 5 ‘full automation’ where the vehicle drives itself
without human intervention (SAE, 2018).



this topic concentrates on the technology - which is in its infancy - rather than on its
implications, anticipating the potential impact this disruptive technology is likely to have is
becoming more pressing. Where writing — both the academic and grey literature — is weak is
on the question of how this technology and its development could and should be governed.
There is some work being done on governance as (examples include Clark et al., 2016;
Guerra, 2016; Stilgoe, 2017; Thomopoulos and Givoni, 2015 and we acknowledge other
work as relevant throughout the body of this paper), though most published material deals
with the governance of the technology’s early development (ITF, 2015; Wagner et al., 2014).
There is little work being done on the potential impact of government intervention or lack of
it in the medium and long-term. What role should governments play in steering the
development of this technological innovation towards desirable societal outcomes? To what
extent should governments intervene? These are two of the questions which will be explored

in this paper.

1.1 Rationale & hypothesis

Our rationale in approaching this paper is that governments have a significant role to play in
shaping the impact of AVs upon society, the economy and the environment; an argument
supported by several authors (J. M. Anderson et al., 2014; Clark et al., 2016; Enoch, 2015;
Fox, 2016) . The extent to which public authorities should influence, interfere or shape the
development of this technological innovation is a complex issue which requires careful
consideration. This paper attempts to contribute to the debate. It is based on the hypothesis
that a ‘laissez-faire’ governance approach (as defined below) is likely to produce less
desirable outcomes in a scenario of mass uptake of AVs than would a well-planned set of
government interventions. We pursue this hypothesis by exploring two themes: the potential

long-term impact of AVs’ high penetration on traffic flow and on accessibility (as further



explained below). We first investigate the likely effects of “laissez-faire” government in
these two areas before examining a set of interventions available to governments wishing to
engage successfully with this technology with the aim of identifying whether better outcomes

can be achieved.

1.2 Scope of inquiry

This paper explores the possible consequences of government (non)intervention with a
particular focus on capitalist market economies, in particular liberal and conservative states,
as categorised by Esping-Andersen (Esping-Andersen, 1990). This includes the more ‘liberal’
of them: Australia, Canada, United States, New Zealand, Ireland, United Kingdom and the
more ‘conservative’: Italy, Japan, France, Germany, Finland, Switzerland. These states, in
particular the most liberal, tend to prioritise a market-driven approach to innovation and
social problems. This paper investigates the issues this approach could lead to in relation to
automated vehicles and makes some recommendations regarding potential government
intervention. Here the term ‘government(s)’ includes public authorities at the national,
regional and local level and the term governance refers to policy-making processes at the
national and subnational level (e.g. local authorities) (Hooghe, 2001). The understanding of
governance processes mainly focuses on public authorities’ practice, whilst recognising that
in numerous countries a variety of societal actors are incorporated into policy-making
(Atkinson and Coleman, 1992, p. 156; Loorbach, 2010).

This paper interrogates the potential impact of automated vehicles categorised as

Level 5 or above as described by the Society of Automotive Engineers (SAE)?. In other

2 “SAE International, initially established as the Society of Automotive Engineers, isa U.S.-
based, globally active professional association and standards developing organization for

engineering professionals in various industries.” Wikipedia



words, the scenarios we describe envision a future where automated vehicles will be able to
carry out the driving task in its entirety without human intervention. Importantly, we also
assume that AVs will be very safe and that road accident rates will have significantly
decreased compared to current conditions — although we acknowledge that this assumption is
still the subject of debate (Hancock, 2018).

1.2.1 “Laissez-faire” scenario

This paper examines the potential consequences of a ‘Laissez-faire’ scenario in the context of
market economies®. In simple economic terms ‘Laissez-faire’ is defined as the “Abstention
by governments from interfering in the workings of the free market™*. The more precise
definition and complexities associated with this term have been widely discussed amongst
social science scholars (Simons, 1948; VVojnovic, 2003). The extent to which governments
intervene in a ‘Laissez-faire’ scenario varies greatly depending on the political context, but it
is generally acknowledged that even in those societies most committed to this economic
system there is some degree of government intervention (Nicholls, 2000; Peck, 2008). This
paper limits the scope of the definition of ‘laissez-faire’ to a hypothetical scenario linked to
AVs which is further described in the paragraphs below.

The ‘laissez-faire’ scenario as defined is this paper describes a context in which the
production and use of AVs is exclusively driven and led by the private sector at the national,
regional and local level. Government’s intervention is limited to enabling a high penetration
rate (mass market penetration) for Level 5 automated vehicles. Public authorities also
intervene to ensure that conventionally driven vehicles have been gradually phased out for

safety reasons. On the one hand, the ‘laissez-faire’ scenario is characterised by the

3 “an economic system in which goods and services are made, sold, and shared and prices set by
the balance of supply and demand” Source: Cambridge Dictionary,
https://dictionary.cambridge.org/dictionary/english/market-economy

4 Oxford dictionary. Source: https://en.oxforddictionaries.com/definition/us/laissez-faire
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https://dictionary.cambridge.org/dictionary/english/supply
https://dictionary.cambridge.org/dictionary/english/demand

continuation of current transport ownership and use models, as experienced in most Western
countries, where surface transport is dominated by cars driven by their owners. It assumes
that owners of conventional cars will gradually replace them with AVs. It seems to be the
model supported by conventional Original Equipment Manufacturers (OEMs) most of which
have started to automate their products. Level 1 driver assistance automated systems, such as
adaptive cruise control, are becoming mainstream — they are currently offered on vehicles
produced by most OEMs including Jaguar, Range Rover, Mitsubishi and Toyota. As stated
by vehicle manufacturer Renault, these Advanced Driver Assistance Systems “serve as a
gateway to autonomous vehicles®. National governments, such as the UK, have been
supporting this development as it represents a commercial opportunity to foster vehicle
production on an industrial scale (Bonneau et al., 2017; Department for Transport, 2015).

On the other hand, it is highly probable that under a ‘laissez-faire’ scenario, shared
AVs could become mainstream too. OEMSs have an interest in fostering the use of both
privately owned and shared AVs. Many have already teamed up with shared mobility
companies, for instance General Motors with Lyft and VVolvo with Uber; others have
announced that they plan to launch a robot taxi service (Muller, 2018). The race to unveil
fleets of self-driving taxis is likely to be motivated by the need to “gain first-mover advantage
in an industry” (Campbell, 2017). We envision that shared AVs will become prevalent in
dense urban areas and compete with or complement privately used AVs. On-demand shared-

use® AVs, sometimes called “automated taxi systems” or “automated personal rapid transit”

° Groupe Renault international website: https://group.renault.com/en/innovation-2/autonomous-
vehicle/

In this paper, a “shared-use AV” is used by multiple user groups, either in the form of a taxi (one
user group at a time) or small bus (“ride-sharing” amongst more than one user group). Shared-
use AVs may be owned by businesses, public bodies or individuals who lease them out some or

all of the time.



would offer door-to-door services to customers, replacing conventionally driven e-hailing

vehicles (e.g. Uber). Under a laissez-faire scenario we assume that shared mobility services
are exclusively provided by profit driven private companies, and that the various companies
compete for market share. Public authorities allow those companies to operate and compete

without restriction.

1.3 Testing the hypothesis: government objectives

In order to test our hypothesis, we require a “yardstick” for each of the themes we have
selected: traffic flow and accessibility.

1.3.1 Traffic flow

Traffic flow is very commonly a concern of both national and city governments. Congestion
is seen in a wholly negative light and its removal or at least its alleviation as a core task of
transport authorities. For example, the UK Department for Transport had as one of the
metrics for its single departmental plan “Average delay on strategic roads and average delay
on local ‘A’ roads” (Department for Transport, 2016). Reducing congestion is also a core
objective for EU policies, as highlighted throughout the EU Transport White Paper
(European Commission, 2011). Our yardstick is that congestion should not increase above

present levels.

This paper interrogates the potential impact that the introduction of very safe, fully automated
vehicles could have on traffic flow on national, regional and local highways in liberal
capitalist market economies. Could AVs optimise transport networks by improving traffic
flow and reducing congestion? To what extent could government intervention influence
potential outcomes?

1.3.2 Accessibility

Though perhaps slightly less prominent than traffic flow as a public goal in transport, some



reference to the relative ease with which people (and goods) are able to reach their
destinations is very common. The UK Department for Transport has, for example, “average
minimum travel times to key services in England” as a metric against its objective of
“Building a One Nation Britain”. The underlying preoccupation is with the distribution of
accessibility between the “haves” and “have-nots” and a desire to improve the accessibility of
those who most struggle to reach destinations that are important to them. We therefore adopt
as our yardstick the criterion that the distribution of accessibility should not widen, i.e. that

the gap between the accessibility-rich and accessibility-poor should not grow.

1.4 Structure of the paper

The following section will summarise the methods employed in developing this paper. Then
the results section will be divided into three parts: the first will look at the likely long-term
consequences of government (non) intervention in relation to traffic flow; the second will
focus on accessibility issues; and the third part will look at potential government
interventions to anticipate and prevent negative side-effects which could arise with a “laissez-

faire” approach. The paper ends with some conclusions and recommendations.

2  Methods

In this section, we explain the sources that have provided initial material for this paper: (i) a

literature review; (i) deliberative workshops with stakeholders.

2.1 Literature review

An extensive and methodical literature review was conducted in 2016 and 2017 as part of a
project being carried out for the UK Department for Transport (DfT), as further described in
Appendix 1. Five leading databases were searched (see Appendix 2) using a broad range of

keywords and synonyms related to AVs (see Appendix 3) and the large number of items



(more than 50,000) generated was then filtered for relevance. In total, 432 documents were
selected — including 181 items of grey literature — to be further analysed using EPPI-
Reviewer, a systematic review application (see further details in Appendix 4). The method
employed is described in detail in Cavoli et al (2017). Subsequently, in the context of
CREATE, a Horizon 2020 project funded by the European Union, we conducted a further

“in-fill” survey, looking specifically for items published since 2017.

2.2 Deliberative workshops

This paper is also informed by deliberative exercises which involved a range of stakeholders
in the UK and in France. In the UK, as part of the same project for the DfT in 2016, two
workshops were held. Details of these workshops are provided in Cohen et al (2017) and the
exercise is discussed more fully in Cohen et al (2018). In addition, two further workshops
were organised in 2017 in the context of the CREATE project. One took place in London
and was organised in collaboration with the Corporation of the City of London. The second
took place in Paris and was organised in collaboration with the Institut d'aménagement et
d’urbanisme de la région d’Ile-de-France. All events involved representatives from
academia, central and local government, transport operators, NGOs and consultants who had
been recruited through an iterative process of targeted invitation and convenience sampling,
with the general goal of achieving a diverse audience of stakeholders whose work was
relevant to AVs in some way. The majority who attended were working in the field of
transport but a small number came from other fields. Attendance at all events was between
30 and 50 individuals. At the workshops that took place as part of the project for the DfT,
discussions were recorded and transcribed; at subsequent sessions, detailed notes were taken

of the conversations.
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The format of the workshops held in the UK involved the discussion of 12 “scenes”
(see Appendix 5 for a summary, identifying which scenes relate most closely to the themes of
traffic flow and accessibility). These were brief descriptions of a future situation in which
AVs had become commonplace and were leading to either unexpected or uncomfortable
circumstances. Groups of between five and seven participants first read the scene
descriptions and then took part in a moderated discussion in which their reactions to the
scenes were debated with the support of a discussion guide.

Notes from those workshops have informed this paper; relevant themes are

exemplified using verbatim anonymised quotations from participants.

3 Likely long-term consequences of “laissez-faire” approach by governments

3.1 Traffic flow

If public authorities at the national, regional and local level abstain from interfering in the
workings of the AV market and the ‘Laissez-faire’ scenario prevails, what would the long-
term consequences be on traffic flow and congestion on highway networks?

This topic remains under-researched and is debated in the literature as the potential
impact AVs might have on traffic flow depends on a number of variables such as vehicle
size, ownership type, penetration rate and connectivity (Cavoli et al., 2017). We tackle this
theme by examining the potential impact AVs could have on volume of movement and
network efficiency.

This paper posits that in most cases congestion is not induced by road infrastructure
capacity (or lack of), but rather by demand management issues (Arnott and Small, 1994;

Christidis and Ibafiez Rivas, 2012).
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3.1.1 Transport volume

Should AVs replace conventionally driven vehicles and successfully reach level 5 of
automation, these vehicles could become highly popular and lead to an increase in travel
demand (Brown, 2014; Fox, 2016; Guerra, 2016). This claim is based on several
assumptions. The first is that under highly automated scenarios (Level 4 or 5) ‘non-drivers’
would want to use AVs for their travel. The ‘non-drivers’ group describes part of the
population that does not have a driver’s licence or does not drive, such as under-age persons,
persons with a disability, or persons who do not feel confident enough to drive (such as the
elderly). Smith (2012) estimates that in the USA this section of the population represents
more than 30% of citizens.

The second assumption that could explain an increase in travel demand linked to AVs
is the potential rise in popularity of AVs as a result of their convenience. AVs have the
potential to become very attractive and a growing proportion of the population might rely on
their use for travel (Fagnant and Kockelman, 2015; Ticoll, 2015). As argued by LeVine and
Polak: "it may reasonably be surmised that technology that makes it easier to move about by
car will serve to stimulate its use" (Le Vine and Polak, 2014, p. 8). A similar point was made
by a workshop participant: “you know, the haves may well have ten cars, and they will all be
on the road all the time, collecting things, so we will have a hellish scenario of total
congestion”. AVs could generate a renewed interest in car use and potentially car ownership,
and lead to the “renaissance of the private car”, as described by Thomopoulos and Givoni
(2015, p. 8).

An increase in travel demand is likely to lead to an increase in vehicle-kilometres
travelled (VKT). Estimates based on modelling work indicate that the increase in VKT could
be as high as 20% or 35% (Bierstedt et al., 2014; Guerra, 2016). Even though increased VKT

does not automatically mean worsening traffic conditions, several authors argue that it could

12



well generate more congestion and associated negative impacts (J. M. Anderson et al., 2014;
Begg, 2014; Smith, 2012; Wadud et al., 2016).

3.1.2 Network efficiency

Vehicle safety improvements brought by automation could reduce bottlenecks linked to road
accidents (DiClemente, J et al., 2014). In the USA it is estimated that 25% of all traffic jams
are caused by road accidents (Federal Highway Administration, 2005, p. 6); the positive
correlation between road accidents and congestion levels has also been clearly demonstrated
in the UK (Wang and Quddus, 2009). As stated in the introduction, these safety
improvements will only be effective in circumstances where conventionally driven vehicles
have been phased out and very safe Level 5 AVs operate on the highway. In a mixed traffic
situation — where both AVs and conventionally driven vehicles share the road — safety
improvement might be limited and traffic flow could be negatively affected (Atkins, 2016;
Calvert et al., 2017).

Assuming that full automation (Level 5) is reached and that AVs are safe and
mainstream (i.e. the vast majority of the vehicles on the roads are AVs), highway capacity
could increase thanks to vehicles' capacity to travel closer to each other and the use of
“traffic-smoothing algorithms™ and improved braking and acceleration decisions (Fagnant
and Kockelman, 2015). However, these improvements will depend on AVs’ ability to
communicate with each other and with the infrastructure surrounding them. Vehicle
connectedness (to other vehicles and to the infrastructure) could lead to significant increases
in effective network capacity (ibid.). A laissez-faire scenario with limited government
intervention could delay or limit the introduction of AV connectedness as vehicle
manufacturers are likely to be reluctant to share data with each other or as a lack of

standardisation of protocols hinders the communication process. An analogous difficulty is
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experienced in the urban freight delivery field where competition between different operators
often hinders the optimisation of the whole networks (Atkins, 2016).

If AVs are very safe, fully automated, electric, and have exclusive use of the highway,
vehicles size could decrease. An overall decrease in vehicle size could contribute to improved
traffic flow. As one workshop participant put it: “in a city environment, perhaps where the
pods are just being continually used, kind of service economy model, perhaps there’d be less
congestion because their continuing use, you do not need to park them anymore”. However,
this could be affected by customer choices, as the growing percentage of sports utility vehicle
sales in Western countries indicate that large vehicles could remain popular amongst car
owners (Archer, 2010).

Many claim growing traffic volumes will drown out the effects of predicted increases
in network capacity, resulting in increased congestion (J. M. Anderson et al., 2014; Begg,
2014; Brown, 2014; Clark et al., 2016; Smith, 2012; Wadud et al., 2016). In their study, De
Almeida Correia and Van Arem (2016) model a shared AV network in Delft to assess the
impact on congestion. They conclude that shared AVs have the potential to increase effective
network capacity but could increase congestion slightly if car use increases. Colak and
colleagues warn that even though highly automated and connected AVs could reduce
congestion, even "in the best-case scenario, time savings would be imperceptible for the
majority of the drivers" (Colak et al., 2016, p. 7).

In summary, a ‘laissez-faire’ scenario with limited government intervention is
unlikely to lead to improved network conditions as vehicle manufacturers are likely to
prioritise customer demands and competitive market penetration. According to Atkins, “as
the automotive industry is not charged with the safe and efficient operation of the road
network, maximum benefits to the network may not be obtained” (Atkins, 2016, p. 46). This

outcome would run counter to traffic-flow objectives of governments at national, regional or
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local levels. In addition, an increase in road traffic and congestion would lead to a range of
negative externalities, such as increased emissions and energy consumption or greater
physical inactivity, amongst others (Clark et al., 2016; Wadud et al., 2016). The potential
consequences of a ‘laissez-faire” scenario would therefore undermine the pursuit of a range of

pressing social objectives in particular in the environmental, energy and health fields.

3.2 Accessibility

To recap, we have in this paper defined accessibility as the relative ease with which
individuals are able to gain access to the locations, goods and experiences that are important
to them. We adopt Geurs and van Wee’s (2004) helpful division of this attribute into four

components: (i) transport; (ii) land use; (iii) temporal; (iv) individual.

In terms of transport, we could expect access to automated vehicles to reflect wealth, as is
currently the case with manually driven cars (Alessandrini et al., 2015; DiClemente, J et al.,
2014). Whilst some researchers predict that the cost of using an automated vehicle would fall
over time (Bierstedt et al., 2014), it would not drop to zero and would not be likely to be
within the reach of all members of society (Milakis et al., 2018; Thomopoulos and Givoni,
2015). So a segment of any population would continue to rely on walking, cycling or
collective transport (subject to its affordability) to make their journeys. Holding other aspects
of accessibility constant for now, this may not constitute a major change from the status quo,
in that those who have access to manually-driven cars typically enjoy advantages over those
who do not (Cohen and Shrewsbury, Forthcoming), in terms of speed and directness of travel.

The issue of land-use impacts is essentially one of sprawl. If the generalised cost and
convenience of moving falls significantly, people will be likely to locate themselves further
from centres in order to enjoy greater space (Brown, 2014), resulting in lower-density

development (Frisoni et al., 2016; J. M. Anderson et al., 2014; Bansal et al., 2016; Milakis et
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al., 2018). For the AV user, this would not mean a material reduction in accessibility: the
longer journey time would be balanced by the lower disutility of travel per unit time. As for
the non-user, accessibility impacts would depend on whether the locations of services and
activities responded to individuals’ location decisions. There is little research on this to date.
Zakharenko (2016) argues that services will be centralised but it is also plausible that they
would disperse as businesses competed with each other through proximity to their customers.
If this happened, the non-user would experience a reduction in accessibility in having to
travel further than at present to reach valued destinations.

The temporal component of accessibility reflects “the availability of opportunities at
different times of the day, and the time available for individuals to participate in certain
activities” (Geurs and van Wee, 2004, p. 128). By some accounts, accessibility should be
measured using “generalised cost” which reflects amongst other things the disutility of travel
time rather than simply the period elapsed. If time previously spent at the wheel were
liberated by using an AV, this would imply a reduction in journey “cost” as travel time was
reallocated to other, productive or enjoyable activities, (though the capacity to spend time in
AVs productively is disputed (Cyganski et al., 2015)). Those using AVs would as a
consequence experience an increase in accessibility. Meanwhile, over the longer term, the
timing of availability of activities might spread as a larger proportion of the population had
the means to travel “at will” (see next paragraph), with negative consequences for those
relying on transport running to a timetable.

The final category of Geur and van Wee’s representation of accessibility is the
individual. Level-5 automated vehicles could be expected to extend the level of accessibility
enjoyed by today’s car drivers to those who could not or did not wish to drive but who could
afford use of an AV. This includes people of pre- or post-driving age (Fagnant and

Kockelman, 2015; Ticoll, 2015), those with disabilities that prevent driving (J. M. Anderson
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et al., 2014; Bohm and Héger, 2015; Begg, 2014; Harper et al., 2016), those who are
intoxicated and those who simply would rather not drive. Such individuals would normally
have to rely on taxis or collective transport but, were AVs materially cheaper, their journey-
making would likely become more frequent as a result (Bierstedt et al., 2014; Papa and
Ferreira, 2018; Brown, 2014; Fagnant and Kockelman, 2015; Fox, 2016; Guerra, 2016; Le
Vine and Polak, 2014). The consequence of this development would be to narrow the group
relying on walking, cycling or public transport and put public transport at risk of becoming
unviable because of insufficient demand. And, in the long term, widespread adoption of AVs
that protected their owners over others (Bonnefon et al., 2016) could create an increasingly
hostile environment for those attempting to travel by other means, particularly walking and
cycling.

To summarise, the impacts of a laissez-faire approach by governments to AVs on
accessibility will be neutral at best but there are good grounds to expect increased
inequalities, worsening the circumstances of those who enjoy least accessibility in both
relative and absolute terms (Papa and Ferreira, 2018). This was captured well by a

participant in one of our workshops:

“I could very easily see a situation in which we get the regulatory framework for AVs wrong,
that we’re too laissez-faire, too deregulatory about it and effectively that the vulnerable

parties ... the older, non-tech savvy people are unable to access the benefits and that the 16 to
25 demographic is priced out of being able to access it and it in effect becomes a luxury urban

transport for yuppies.”

4 Intervention options and possible impacts

4.1 Categories of intervention

To structure our discussion of possible interventions, we draw upon the categorisations
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offered by Banister et al (2000), Wittneben et al (2009) and KonSULT (2016). Though the
three have much in common, each has a distinct focus so we have derived a hybrid set of
categories as follows: (i) planning/land-use; (ii) regulation/policy; (iii)

infrastructure/technology; (iv) service provision; (v) economic instruments.

In doing this, we have dispensed with the category of lifestyle/information/soft interventions,
not because we do not think them relevant but because it is too early to discuss their potential
application and impact given the focus of this paper on the longer term. We would expect
such interventions to be employed alongside those that we list above and to be planned on a

shorter timescale.

4.2 Options

We now discuss some of the options available to governments, using the five categories of
intervention introduced above, with the government priorities of traffic flow and accessibility
in mind. A list of potential interventions is provided in Table 1. We do not claim that the
following discussion is exhaustive, but it provides a flavour of the range of action available to

authorities.

The use of planning instruments could promote shorter journeys and address sprawl
as discussed above. Planning authorities can use zoning to ensure that certain areas are not
built on and can require that development in a given location achieve a minimum density and
contain specific facilities. In addition, planning authorities can use zoning overlays, density
and zoning bonuses and planning funding as tools to guide development in certain directions,
such as by promoting transit-oriented development. But such tools are used largely to
regulate built-up areas and we have raised the possibility that people might move arbitrarily
far from cities, perhaps choosing to live in rural areas. This suggests a greater role for

planning interventions at the city-region level than has been familiar to date.
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Public authorities also have the capacity to plan new links dedicated to types of
transport that are most space-efficient or that benefit those with the poorest accessibility,
being coincidentally the various forms of sustainable transport (e.g. bus, tram, metro). In this
set could be both conventional public transport and automated public transport.
Collaborations between public authorities and collective transport providers could ensure that
the most sustainable, efficient and inclusive modes of privately operated transport are being
prioritised (for instance automated on-demand minibuses) and adequately complement
“mainstream” public transport.

The numerous regulatory and policy measures available vary in the extent to which
they depart from established practice — the prohibition, for instance, of privately owned AVs
could be very effective in preventing increased congestion or inequality of accessibility but it
seems unlikely to be feasible in the countries that are the focus of this paper. We therefore
concentrate on regulation that does not constitute such a major departure from standard
practice in Western democracies. Authorities could ban empty running of AVs (Zhang et al.,
2015) or provide preferential facilities to AVs with high occupancy (Dimitris Milakis et al.,
2017); they could introduce parking regulations that inhibited private ownership by limiting
greatly the scope for vehicles to be stored other than at their owners’ properties, combining
this with a ban on empty running. They could alternatively promote so-called “first/last
mile” use of AVs (Ticoll, 2015; Clark et al., 2016; Fraedrich et al., 2015): here, it is
envisaged that AV users will travel for the bulk of their journeys in high-capacity collective
transport, with AVs providing a link between travellers’ journey end points and transit
access/egress points. Regulations designed to support first/last mile operations could include
the next generation of “park and ride”— the designation of generous AV waiting areas at
transport nodes; if employed in combination with regulations designed to discourage waiting

areas elsewhere, this could make the first/last mile option attractive relative to “door-to-door”
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AV journeys which may involve a greater waiting time on the user’s part. To protect the
viability of public transport, authorities could require employers and public services to locate
their activities in places that are well served by it; they could also insist on operating hours
compatible with access by public transport. And regulation could also serve to protect
directly the interests of non-users by governing the behaviour of AVs in mixed traffic
situations (Luetge, 2017). For example, if there was a presumption in favour of vulnerable
road users in situations of conflict (even if at the cost of the AV occupant), this could help to
make travel by active modes more attractive.

Regulations and policies prioritising collective or shared AVs could include
commonly used measures to discourage single-occupancy car use, such as high-occupancy
vehicle lanes, or innovative incentives supporting collective or shared mobility through
Mobility as a Service packages for instance. These are some examples of demand
management strategies that would have to be implemented at an early stage (Fagnant and
Kockelman, 2015; Smith, 2012). In urban areas, regulations and policies fostering the use of
shared AVs would have to ensure that they complemented, and did not compete with, mass
transit.

The obvious way in which authorities might respond through
infrastructure/technology to AVSs’ potentially negative effects on traffic flow and/or
accessibility would be by providing or augmenting high-quality collective transport systems
which might be expected to compete effectively with AVs (on the assumption that such
systems would be made affordable to use). They could reduce the parking stock and also
continue the established practice of providing facilities dedicated to walking and cycling.
They may equally wish to configure the operation of traffic signals to favour certain social

groups (Mladenovic and McPherson, 2016).
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Public authorities could foster and support the use of Vehicle to Vehicle (V2V) and
Vehicle to Infrastructure (V2I) communication in order to secure the network capacity
improvements discussed above. According to Fagnant and Kockelman, for ideal results, the
"implementation of cloud-based systems and city or region-wide coordinated vehicle-routing
paradigms and protocols” should be in place (2015, p. 170).

With respect to service provision, authorities could increase the density and
frequency of public transport both so as to provide a competitive alternative to private
motorised transport and to ensure a reasonable level of service for those with the poorest
accessibility. Alongside this or as an alternative, they may procure fleets of AVs that would
be made available specifically to those with low accessibility.

Finally, economic instruments provide a promising set of possible ways to influence
trip-making and mode choice. Most obviously, road pricing in its various forms could be
used to discourage travel by private motorised modes (including AVs) and to make other
forms of transport relatively attractive. Smart pricing (Greater London Assembly Transport
Committee, 2017; Zmud et al., 2017) could be used not simply to deter AV use or to promote
high vehicle occupancy in cases where AVs are used but to promote its use for first/last mile
operation, thereby supporting patronage for and protecting the viability of collective
transport. Alternatives/complements to road pricing include parking levies, fuel/energy taxes
and purchase taxes.

Whilst all of the aforementioned could be employed to deter AV use that could be
expected to lead to congestion or increased disparities of accessibility, authorities could
equally use resources to support collective transport and/or bring AV use within the reach of
those who would otherwise be excluded from using them. This could be achieved through
subsidised fares on collective transport (automated or conventionally driven), subsidy of AV

purchase or “free miles” for target users.
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4.3 Applicability of interventions

In Table 1 below, we briefly assess which of the measures described above appears

applicable in the context of traffic flow and accessibility. What is immediately obvious is that

the vast majority of interventions identified could apply to both. This is not surprising, in that

network conditions can be expected to influence accessibility in the long term. The

exceptions to this trend are targeted measures intended to increase the accessibility of priority

groups — these would not be expected to improve traffic flow; in fact, if they had any effect, it

may be slightly negative.

Table 1. Applicability of interventions

Category of
intervention

Measure

Applicability

Traffic
Flow

Accessibilit

Planning/land-use

Zoning, density requirements, bonuses/funding

Allocate land to sustainable transport links

Regulation/Policy

Ban empty running of AVs

Provide preferential facilities for high-occupancy
AVs

Targeted parking regulations

Promotion of interchange between AVs and
mass transit

Require location and timing decisions that
favour use of mass transit

Prioritise welfare of non-users

Prioritise collective/shared AVs that complement
mass transit

Infrastructure/
Technology

Provide high-quality mass transit

Reduce parking stock

Provide for walking and cycling

Limit speed

NINININEEN N RN NN RN LN LN EN

Prioritise certain groups through operating model
of infrastructure

Support the centralisation of data and network
optimisation through V2V and V2I
communication

NEENININ NIV EEN TN RN BN TN RN N I RN

Service provision

Increase density and/or frequency of mass transit

Provide priority groups with access to AVs

Economic
instruments

Road pricing (conventional or “smart”), parking
levies, fuel/energy taxes, purchase taxes

Subsidised or free AV use for priority groups

NEENINEN
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4.4 Possible consequences of intervention

Would some combination of the interventions listed above enable a given authority to meet
its traffic-flow and accessibility objectives in a world of Level-5 automated vehicles? Whilst
it is too early to answer with certainty, this is definitely an extensive and potent array of
measures. Many of them are in use in some form already and are proving effective tools in a
“manually driven” world. It is therefore plausible to claim that applying a selection of these
interventions could be expected to produce outcomes closer to the authority’s vision than
would obtain in the laissez-faire scenario we have explored.

The crucial issue is the extent to which these interventions might be employed,
because their impacts will be a function of the intensity of their application. Smart road
pricing is not a panacea; its effectiveness will depend on the prices set. These and associated
details will in turn depend on stakeholder opinions and political will. And this brings us back

to general attitudes to automated vehicles, to which we turn in our conclusions.

5 Conclusions and recommendations

Our comparison of laissez-faire with a more interventionist approach to managing AVs in the
areas of traffic flow and accessibility has led us to accept our initial hypothesis: that the latter
path has the potential to lead to more socially desirable outcomes. We feel justified in
suggesting that what is true of these two areas is very likely true of other aspects of transport,
and have offered some evidence of this (environment, energy, health) as part of our analysis.
Of the few that have addressed this topic, Anderson et al. notably drew a similar conclusion:
“relying strictly on the free market may not maximize social welfare and could even lead to

market failure” (2014, p. 4).
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5.1 To act now?

But it is one thing to say that laissez-faire may prove unwise and quite another to tell
authorities to start taking action immediately, when so much remains unknown about this
technology and its trajectory. On this front, several authors urge caution. Anderson et al.
advises us to “avoid moving too quickly to regulate this technology without better
information about its benefits and costs” and to support further research (2014, p. 4). Others
make similar claims (Bohm and Hager, 2015; Kockelman et al., 2016). Fox argues that
regulators in the USA should assess the “cumulative impact” of AV use before legislating as
a number of negative side effects linked to AV uptake might need to be anticipated (2016, p.
22). Or, in Bohm and Hager’s view, before commercialising highly automated vehicles, it is
important to undertake further research to better understand “what influences the AVs will
have” (2015, p. 38). Fewer voices call for more immediate action, notable amongst them

Begg (2014).

5.2 How to act?

This paper can be read as the contraposition of technological optimism and anticipatory
governance (Guston, 2014). That is, a laissez-faire approach could be expected of
administrations that thought that the market should be left to deal with the adoption of AVs; it
may equally be seen in authorities that feel powerless to influence the development path of
AVs. In contrast, anticipatory governance is founded on an active engagement with the
development of technology: “responsible development becomes, at least in part,
understanding the role of one’s own decisions and one’s own position in the innovation
process” (Guston, 2014, p. 232). And discussion of anticipatory governance is grounded in
the explicit acceptance that a great deal remains unknown about the emerging technology but

that this is not a sound argument for doing nothing.
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Anticipatory governance has arisen as a concept specifically because of the number of
new and powerful technologies that have emerged in recent decades. Automated vehicles are
decidedly not the first technology that appears to offer both benefits and real risks. As to how
public bodies should act, it is helpful here to emphasise the distinction between anticipatory
governance and precautionary governance (which is founded on the avoidance of risk).
Avoiding risks is often justified but its consequences will likely include missing out on the
benefits a technology offers. In reaching our (tentative) conclusion that intervention can lead
to more desirable outcomes than will a laissez-faire approach to government, we are at the
same time inviting public bodies to acknowledge their capacity to influence the development
process and to create a context in which a positive balance is achieved between the
advantages and disadvantages of AVs.

In a situation of great uncertainty, there are practical tools that can help authorities to
decide on ways forward. They can carry out high-level appraisal of a range of intervention
options (as recommended by Cohen et al (2017)). Whilst not definitive, this will at least open
the way to taking action. It can be usefully done against a number of future scenarios in
order to establish whether there are actions that seem relevant in multiple scenarios.
Scenarios involving AVs are becoming more plentiful (e.g. D. Milakis et al., 2017), though
they have some way to go (Cohen et al., 2017). Nevertheless, appraising action against
multiple futures (even if they are flawed) will tell the policy maker more than either not
carrying out appraisal or appraising options against a single forecast future.

Clearly, intervention, rather than laissez-faire, is not easy. On the contrary, laissez-
faire has the significant selling point that it frees authorities from having to justify
interventionist policies. And we have set as the context for this paper western capitalist
democracies, whose policies will typically have a less interventionist character (compared to

socialist states for instance), so authorities would tend to be wary of introducing policies that
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might be characterised as constraining freedom in any way. Habit will also stand in the way:
government tends to exhibit path dependence (Howlett, 2009). But laissez-faire brings the
considerable risk of backlash if it does not deliver the outcomes stakeholders seek, for
example if traffic conditions should worsen rather than improve. In other words, authorities

need to appreciate that inaction is a form of action.

5.3 Outstanding questions

This paper has offered a reasoned argument to support the claim that laissez-faire would be a
suboptimal strategy where AVs are concerned. But it leaves a variety of questions
unanswered. For example, what package of interventions might offer authorities the best
chance of managing AVs for public good? And we remain unsure whether even a “well
managed” transition to a world in which highly automated vehicles were prevalent could
have unwelcome side effects, such as a significant drop in active travel. Whether this
supports the conclusion that authorities would do better to prevent the arrival of AVs
altogether is the subject for a separate inquiry.

Another policy route consists of taking deliberate action to guide the development and
implementation of self-driving technology towards desired policy and societal objectives.
This is more likely to prevent unwanted consequences associated with AV take-up, such as
increased car use. As Howard and Dai conclude: “How we choose to implement this
technology will make the difference, and that largely depends on the views of political and
market actors” (2013, p. 17).

A specific area for additional research is in “policy innovation”. As our discussion of
interventions showed, governments already have many of the tools to manage the AV
transition but additional tools will be needed. We identified above regional land-use planning

measures to control the sort of long-distance sprawl that could result from AV take-up;
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authorities will also need mechanisms for governing the conduct of AVs in general, and in

particular the interactions of AVs with vulnerable road users.

5.4 A final word

This paper sets out a case for government at all levels, far from being passive, to engage
actively in managing the emergence of AVs in order to arrive at socially desirable outcomes.
An essential part of this is careful consideration of the range of options open to authorities in
terms of governing this technology. This is perhaps best characterised as transition
management which, in Loorbach’s words, takes into account “the need for a long-term
perspective to guide short-term development, the acknowledgment of uncertainties and
surprise, the importance of networks and self-steering, and the necessity of creating space for
innovation” (Loorbach, 2010, p. 178).

Our investigation indicates that authorities can have very considerable influence over
the effects of AVs and have “a key opportunity to direct the future of transportation
outcomes” (Maia and Meyboom, 2018, p. 220). Their challenge is to find the delicate
balance between fostering innovation and ensuring that it leads to common well-being and
prosperity. The question to be asked next is whether the typical regulatory authority will

grasp that opportunity.
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Literature received from DfT Pilot database searches

| |

Pilot Readings
Develop search strings using Google

l Ngram, thesaurus, and initial documents
Develop coding mechanisms l

l Develop sets of formal search

. . . terms
Comparison Coding exercise l

l Search databases

Revise code set

screen & code all entries € continuously monitor searches

on title and abstract
Check bibliographies of
extremely relevant sources
for additional material

record new Develop record specific in depth reading/coding of
themes not found  statistics for  quotes/ideas/ material marked ‘extremely
during pilotread-  all relevant stated gaps relevant’

ings/comparison  material
coding stages

Prepare literature review report

Table taken from Cavoli et al. (2017)



Appendix 2: Literature review: bibliographic databases used

Databases

Content

L ¢ abstract e o .
SCOPUS arges ab§ ract and citation interdisciplinary database of peer
reviewed literature
Transport Research International Documentation (TRID) is the largest
TRID online bibliographic database of transportation research, includes
technical reports and conference proceedings
IBSS International Bibliography of the Social Sciences (IBSS) is an essential
online resource for social science and interdisciplinary research
ProQuest SOCIAL  ProQuest's Social Sciences collections provide comprehensive, global
SCIENCE indexing coverage of the scholarly literature in the social sciences
PsycINFO Bib'liogrz.lphic records centered on psychology and the behavioral and
social sciences

Table taken from Cavoli et al. (2017)
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Appendix 3: Literature review: keywords and additional synonyms

Keywords

"Driverless car*" OR "Driverless vehicle*"
OR "driverless"

Additional Synonyms

"Advanced Driver Assistance System™*"

"self-driv* car*" OR "self-driv* vehicle*"
OR '"self driv* car*" OR "self driv*
vehicle*"

"Auto-pilot vehicle*"

"automated car*" OR "automated vehicle*"
OR Tautomated car*" OR "automated
vehicle*"

"Driverless automobile*"

"self-driv* automobile*"

"automated automobile*"

"automated automobile*"

robot* car*, robot* vehicle*

self-piloted car*, self-piloted vehicle™

Automated Road Transport

"Automatic vehicle*" OR "Automatic car*"

"Cybercar*"

"auto* driving"

"Google car"

Table taken from Cavoli et al. (2017)
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Appendix 4: Literature review: results from bibliographic databases search

Screening Hits

Across Databases and Categories 50200
Pre-selection based on Category 2236
Final selection from bibliographic databases 248
Final selection from Grey Literature 181

Table taken from Cavoli et al. (2017)



Appendix 5: Scene summaries

Those scenes most relevant to the theme of traffic flow are E, H and J; those most relevant

to the theme of accessibility are A, B and F.

A: A clash of ideas

Controversy surrounds a brewery’s offer of a free (autonomous) ride home for any customer
spending more than £30 in one of its pubs. Various public health organisations object on the
grounds that this will increase problem drinking; the brewery responds that, in rural areas,

pubs often provide the only social outlet but have been closing as drink-driving enforcement
has increased. The autonomous ride is nothing new, it argues, since pubs are all doing deals

with taxi firms.

B: Of youth and age

The National Pensioners’ Foundation produces evidence showing that widespread adoption
of driverless car technologies would prevent social isolation in older people and calls for the
government to subsidise rides in the new driverless Urban Transit cars for the elderly. This

elicits a mixed response.

C: What’s my job worth?

A delivery driver’s frustration at how tedious his working life has become strikes a chord
with other listeners of a local radio phone-in. He complains that he spends half his life sitting
doing nothing between drops and fears that, once a robot can knock on doors, he’ll be out of a

job for good. Other listeners express sympathy — ‘it’s not really a job is it?’

D: Zero day

A recent release of firmware on a line of AVs has been found to be vulnerable after hackers
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disseminate compromising information concerning the location of a prominent celebrity’s
vehicle, fuelling speculation about her love life. The celebrity is suing the manufacturer for
invasion of privacy. The manufacturer is currently saying no more than that it takes breaches

of its customers’ privacy very seriously and that it is investigating.

E: It should never have happened

Thirteen-year old Peter Leicester was knocked down by an autonomous vehicle (operating in
full self-driving mode) in Surbiton, south London. It is suggested that Peter and his friends
had been playing ‘chicken’, forcing vehicles to make emergency stops. This is the first UK
case of hospitalisation following a collision involving an AV and Peter’s condition is stable.

The police are investigating and are in touch with the vehicle’s manufacturer.

F: Trunk road conversion

The Planning Inspectorate is hearing an application under the Town and Country Planning
Act for a section of the A3 to be converted to exclusive used by AVs conforming to
1ISO93241. The promoter wishes to enable 180km/h operation on the segregated road,
implying 2m barriers, conversion of major junctions to ‘gated’ status, closure of minor
junctions etc. Today: oral representations from Surrey County Council, Guildford Borough
Council and Dream Vehicles (whose ‘family vans’ are designed in accordance with

1S093226).

G: Automated mugging

Criminals have been taking advantage of AVs’ programming to carry out car-jackings and
muggings. They surround vehicles which automatically stop, then smash windows, threaten
occupants etc. Passengers have complained that the humiliation of being robbed is

compounded when the vehicles detect damage and go into a ‘complete stop’ mode.
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Following a series of high-profile incidents in wealthy, low-density areas at night, the
Transport Select Committee has announced an inquiry on personal security and autonomous

vehicles.

H: Commuters welcome the 25+ hour day

Car-commuters who have converted to AV are reporting significant benefits from the change.
They arrive at their destination less tired and stressed and are using the journey time
productively, be that in carrying out personal admin, spending more ‘virtual’ time with their
families, or getting on with their work. Certain companies are responding to the last of these

by counting AV travel time as part of the working day (if evidence of labour is provided).

I: Mayor ‘robustly confronted’

In response to the predicted increase in AV use, largely as taxis, Borchester Borough Council
has removed most of its off-street parking. This provokes a strong reaction from the

Borchester AV Owners Society whose objections include retailer concerns about losing trade
from visitors and rural residents and harm to the vehicle manufacturing industry. In addition,

pedestrian/ cycling groups do not welcome a predicted increase in overall traffic.

J: Emergency meeting called by minister

The Daily Mail, through an FOI request, has learnt that cities pioneering AVs have seen a rise
in delays to emergency vehicles, resulting from vehicles behaving inconsistently in response
to the approach of ambulances etc.

The minister has announced legislation to ensure that all AVs sold in the UK are to
have compatible vehicle emergency recognition and avoidance strategies. Vehicle
manufacturers are expected to argue as to which maker’s standards are the ones to be

universally adopted.
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K: Ethical dilemmas

The behavioural algorithm for vehicles conforming to 1ISO94622 was based on the
recommendations of a committee of eminent moral philosophers. The algorithm, when
forced to choose between two individuals, prefers the younger, ceteris paribus. But, in a
recent incident, a car prioritised a four-year old boy with a degenerative condition over a 78-
year-old grandmother of 13.

The chair of the committee has been the target of death threats etc and various anti-

technology groups are renewing their campaigns for the standard to be revoked.

L: System failure

A former technophile is locked for two days in a remote location inside his fully automated
vehicle when it has a complete system failure. He responds by launching a campaign for
manual override to be mandatory in all AVs and for all road vehicles in motion to contain at

least one individual competent to drive.
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