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Abstract

The possible consequences of the advent of fully automated vehicles (AVs) for personal transport
are assessed. A shared-user model is considered preferable to an owner-user model; public-sector
intervention is considered necessary to secure the successful integration of AVs with mass transit.
Interurban expressways are found to offer a better opportunity than urban roads of capturing the
vehicles’ potential traffic and safety benefits. AVs’ performance in a mixed-fleet scenario is highly
dependent on segregation from other road users, but segregation poses significant challenges.

The governance of a range of themes (such as demand management and security) is considered. In
each case, challenges to achieving a socially desirable outcome are identified. Both laissez-faire
and more interventionist styles of governance with respect to AVs present problems but laissez faire
may carry greater risk. Decisions on governance should be based on meaningful dialogue with those
who stand to be affected.
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Introduction

Automated vehicles (AVs) are receiving an increasing amount of attention. For example, a
literature review conducted as part of a project for the UK Department for Transport (see below)
discovered four times as many items produced in 2015 as in 2003. This is hardly surprising, given the
ongoing development of the Google Car, recent news involving Tesla’s Autopilot, Volvo’s Drive Me
project and so on. In the UK in particular, the creation by the Government of the Centre for Connected
and Autonomous Vehicles, followed by the initiation of some major research and development projects,
has considerably increased interest in this topic.

It is understandable that most of the writing on the theme centres on the technology, how it will
work and what it will offer. To a limited extent, this is accompanied by prediction and speculation about
the possible consequences of AVs arriving, in terms of network impacts, likely safety effects and other of
the more immediate transport outcomes. Where writing — both the academic and grey literatures — is
weak is on the broader effects and, in particular, the question of how this technology could and should be
governed. This, again, is not surprising: the technology is in its infancy so there is a natural focus on it
rather than its implications. But the current paper is predicated on the principle that it is better to think
about governance early, even if this is an inevitably speculative and tentative business. The alternative —
“technological determinism” — is to assume that it will be possible (and preferable) to react to
developments as they arise. The major criticism of anticipatory governance is that the wrong assumptions
will be made, leading to policies that prove inappropriate. But this can be managed by allowing for
several possible futures and seeking policies that will be effective across all, as expressed by the UK
Government’s own Horizon Scanning Programme team:

“It’s not about making predictions, but systematically investigating evidence about future trends.
Horizon scanning helps government to analyse whether it is adequately prepared for potential
opportunities and threats. This helps ensure that policies are resilient to different future environments”
(GOV.UK n.d.).

Structure of this paper

This paper begins with a brief summary of work done for the UK Department for Transport which
has served as a point of departure for what is discussed in subsequent sections.

The paper then moves into a set of five themed discussions:

e  Possible models of ownership and use
e Potential strengths and weaknesses of different operating environments and regimes
e How automated vehicles might integrate with/modify the existing transport mix

e Possible consequences of “laissez faire” or more directive governance
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e  What “optimum” might mean and challenges authorities will need to address in attempting to
deliver it

Though government/governance is explicitly mentioned in the titles of only the final two themes, it
permeates all of them. And, though the themes are to some extent discrete, it will be seen that many
issues arise repeatedly across the set.

These discussions are followed by conclusions and recommendations.

There is one appendix: the conceptual framework developed as part of the scoping project for the
Department for Transport.

Notes

The discussion in this paper is intended to have wide application in both high-income and low-
income countries. Having said that, the bulk of the illustrations provided relate to the UK. Its quite
particular characteristics are acknowledged.

The paper centres on personal transport so freight and logistics are not mentioned. Whilst there is
some discussion of collective/mass transit and the potential for its automation, the majority of the paper
is dedicated to travel by individuals and small groups using private modes (car, powered two-wheeler,
walk, cycle etc) or taxi.

It is important to note that there is a focus in this paper upon full automation (as discussed in more
detail below). Whilst partial automation is undoubtedly very important, full automation heralds profound
change: the driving task can be undertaken in its entirety without the user’s involvement, opening the
way to vehicles travelling empty, people without driving licences making AV trips and the potential for
travel time to be assigned to purposes other than driving.

Preliminaries

UCL’s work on AVs for the UK Department for Transport
UCL was commissioned by the UK Department for Transport to conduct a scoping study “to

identify the key social and behavioural questions associated with autonomous vehicles (AVs)”. The
study involved the following activities:

e Aliterature review
o A set of events and interviews with stakeholders both within and outside the transport sector

e Visits to and a workshop with the “four-cities trials”, UK locations where major initiatives are
underway to test self-driving technology with government support*

The study generated a large set of research questions that were organised into a conceptual
framework (see Appendix). In addition, some specific research recommendations were made (see
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Conclusions and recommendations). The outputs of the study are currently being finalised for
publication.

This paper draws on all elements of the scoping study, referring to the literature that was reviewed
and reflecting the set of questions and comments raised by stakeholders. It goes beyond the study by
developing further some questions that were initially posed in embryonic terms and by drawing findings
together under the specific theme of governance. The views expressed in this paper are those of the
authors and do not represent the opinions of the Department for Transport.

A note on terms

This section sets out some essential concepts and terms used to describe them in the remainder of
the paper.

In this report, the term automation is used to describe the extent to which a vehicle is equipped to
carry out the driving task, and full automation implies that the vehicle can carry out all aspects of the
driving task in any environment (thus being equivalent to SAE’s Level Five) (SAE International 2016).

Autonomy describes the extent to which a vehicle “makes decisions” on its own. A fully
autonomous vehicle assesses its environment and selects a course of action in accordance with what it
finds. In principle, an autonomous vehicle could carry out the driving task in its entirety without
communicating with other vehicles or roadside infrastructure. Autonomy is here contrasted with control:
a fully controlled vehicle in effect acts out instructions set outside it. One example of a high level of
control is a following lorry in a platoon: it has a high level of automation, in that it does not depend upon
a human driver inside the vehicle, but its movements are largely determined by the leading vehicle and
so it is controlled rather than autonomous. The concept of co-operation can be seen as lying between
autonomy and control on this axis: a co-operative vehicle negotiates with other wvehicles and/or
infrastructure in calculating its path.

A fourth concept is connectedness. This relates to the extent to which a vehicle communicates with
other vehicles and/or road-side infrastructure. In order to be controlled, a vehicle must be highly
connected (so as to receive instructions in real time). But a highly connected vehicle need not have any
level of automation: it may simply have extensive data-sharing arrangements such as those that enable a
human driver to remain very well informed about traffic conditions ahead, for example.

ITF Discussion Paper 2017-07 — © OECD/ITF 2017 9
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Figure 1. Automation, autonomy, control, connectedness
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As Figure 1 is intended to show, automation, autonomy/control and connectedness are distinct axes
and different vehicles will occupy quite different points on the graph. In the remainder of this paper,
there is a general emphasis upon full automation so, unless otherwise specified, “AV” should be taken to
mean a fully automated vehicle. Unless a point or range on the autonomy-control axis or connectedness
axis is specified, the reader should assume the text refers to any point on those axes.

Though these clarifications will hopefully be useful, it must be pointed out that they alone cannot
capture adequately the experience of travelling in an AV. There is a great difference, for example,
between a journey in a fully automated “pod” which will not exceed 15 mph, say, and in a partially
automated conventional car at motorway speeds. Where appropriate, therefore, additional information
about the nature of the travel experience will be specified. Where it is not, it should be assumed that the
speed and comfort of a hypothetical AV journey are at least comparable with those of journeys made
currently using motorised transport.

Possible models of ownership and use

The possible models of ownership and use associated with the adoption of AVs could have a range
of outcomes and societal implications which need to be further understood and anticipated. Questions
such as “how will AVs be used and in what context?” and “what impact would these different ‘roll-out
and use scenarios’ have on issues such as modal share or energy consumption?” should be carefully
addressed. These different ‘roll-out’ and use scenarios could have a profound influence on transport
systems and lead to wider societal change.
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Although different roll-out and use scenarios have been described in the literature, there seems to be
a broad consensus that two are likely to emerge — independently or in parallel: on the one hand, the
“business-as-usual” scenario and on the other hand the “shared mobility” scenario.

The “business-as-usual” scenario has been described as a continuation of current transport
ownership and use models, as experienced in most Western countries, where surface transport is
dominated by the use of privately owned vehicles. Under this scenario, owners of conventional cars
would gradually replace them with AVs. On the other hand, the “shared mobility” scenario describes the
use of AVs in the context of emerging shared mobility trends, where vehicles are used by multiple
individuals. Alternative scenarios could also develop, such as a combination of the two main scenarios;
this section explores each in turn.

Business-as-usual or “evolution” scenario

This scenario implies gradually replacing all but a small minority of manually driven vehicles with
AVs. It seems to be the model supported by conventional Original Equipment Manufacturers (OEMs).
Indeed, most automotive manufacturers have been integrating advanced driver assistance systems
(ADAS) into their products — such as automated braking or traffic jam assist — paving the way towards
highly automated vehicles. More recently, global OEMs appear to have embarked on a race to producing
and commercialising the first highly automated vehicles. At the beginning of 2016, in a series of similar
announcements, Volkswagen’s CEO proclaimed that the group “will be investing with the aim of
bringing these technologies to market faster than the competition” (Horrell 2016). A number of national
governments and other institutions in Western countries have been supporting this trend and view it as a
commercial opportunity to foster vehicle production on an industrial scale (KPMG & SMMT 2015;
Department for Transport 2015).

The impact this scenario would have on car travel demand has been widely discussed. At best,
privately owned motorised vehicles would retain their share of the market (Ticoll 2015) and car use
demand would remain stable. But a number of authors have raised the possibility that fully automated
vehicles could prove to be increasingly popular, leading to increased demand for car use. This hypothesis
is based on the assumption that a range of non-drivers, such as young, older or disabled people,
previously unable to drive a vehicle themselves, might want to start using AVs (Fagnant and Kockelman
2015; McKinsey 2015; Ticoll 2015). In the USA non-drivers are estimated to represent more than 30%
of the population or circa 96 million individuals (Smith 2012). Thus, in the long-term, a large proportion
of the population might start using motorised vehicles, thereby increasing levels of car ownership and
use.

Furthermore, demand for car use could also increase if new technological tools associated with AVs
prove to have wide appeal. Potential new users could be attracted by “moving computers” and the range
of digital activities and entertainment on offer inside vehicles (Begg 2014; Fraedrich et al. 2015). AV
users might be able to use AVs as “moving offices” in which to work (Bierstedt 2014; Wagner et al.
2014). As stated by Le Vine 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).

The potential impact this evolution would have on modal share has been widely discussed in the
literature and has been identified as a source of concern by many. Should AVs become popular, other
modes of transport, such as public transport could be negatively affected (Clark et al. 2016; Wolmar
2016; Ticoll 2015; Guerra 2015; Wadud et al. 2016). For this to happen, the price of using AVs must be
competitive and the roads must remain relatively smooth-flowing. This second point is important
because an extensive transfer from mass transit implies an increase in the number of vehicle-km, first, as
the average size of vehicle diminishes as a result of the move away from buses and, second, as journeys
transfer from metros and other forms of transit that do not operate on the road. If mass transit survived
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this revolution, it may do so as a “distressed purchase” for those with most limited means, though this
may not prove a sustainable business model in the longer term without significant subsidy. As Le Vine
and Polak put it: “there is a risk that [public transport] finds it increasingly difficult to compete with
private car use” (Le Vine and Polak, 2014 p13). Mass AV use is likely to affect negatively the rail sector,
both the freight and passenger markets, possibly rendering projects such as HS2 in the UK redundant
(KPMG and Center for Automotive Research 2012). Similarly, should AV use become convenient and
popular in urban areas, there could be a decrease in walking and/or cycling.

All of this 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). As Schwanen puts
it: “The continuing dominance of the privately owned internal combustion engine, the neutralising
absorption of car sharing by the car industry and the current enthusiasm over automated cars are
reinterpreted as manifestations of automobility’s capacity to endure through adaptation and influence
over its environment. The socio-spatial inequalities and injustices associated with automobility are likely
to persist through change as well” (2016 p.1). These “unfavourable scenarios” would, according to a
report commissioned by the EU’s Directorate General for Internal Policies “end in spurring private
transport demand and the negative externalities related thereto” (Frisoni et al. 2016 p.14).

Should the advent of AVs lead to an increase in car use and ownership and a decrease in use of
other modes of transport, such as public transport and active modes, this would generate a range of
undesirable and potentially very serious consequences. Here two of the potential outcomes that have
been most frequently mentioned in the literature will briefly be discussed: the impact on traffic flow and
congestion and the potential impact on energy consumption.

Even though fully automated vehicles have the potential to improve traffic flow in principle, an
increase in car use will mean increased vehicle kilometres travelled (VKT). Several researchers have
warned that, should AVs become highly popular, the likely increase in VKT could in turn lead to
increased congestion (Wadud et al. 2016; Clark et al. 2016a & 2016b; Anderson et al. 2014; Brown
2016; Smith 2012; Begg 2014). As Bierstedt et al. put it:

“Improved driver experience and the availability of robo-chauffering for those who would otherwise
not be permitted to drive may increase VKT per capita as much as 35%, off-setting much of the
efficiency gain” (Bierstedt et al. 2014 p.4).

That AVs will become more popular is not guaranteed, however. The likely cost of using them is
currently unknown and the true operating speed remains a matter of speculation, based on degree of
segregation and rules of engagement with other road users, points revisited below.

Moreover, the potential improvements in traffic flow are primarily associated with a scenario of
high AV penetration rates where manually driven vehicles have been phased out of the highway and
replaced by self-driving vehicles. This long-term vision should not hide the fact that fully automated
vehicles and manually driven vehicles are likely to share the roads for decades, implying that
improvements in traffic flow may be slow to emerge. Furthermore, in urban areas AV traffic flow might
be affected negatively by AVs’ interactions with other road users such as pedestrians or cyclists.

Increased VKT and congestion would have negative effects in terms of energy consumption and the
environment. Even though fully automated AVs have the potential to decrease average energy
consumption and emissions in comparison with contemporary vehicles, especially if supported by
vehicle-to-vehicle and/or vehicle-to-infrastructure communication (Wadud et al. 2016; Begg 2014), those
benefits could be off-set by a sharp increase in VKT and congestion (Anderson et al. 2014; International
Transport Forum 2015). This scenario “would have large total energy and carbon implications” (Wadud
et al. 2016 p.2). According to Fagnant and Kockelman, this scenario might lead to “increased emissions,
greater gasoline consumption and oil dependence” (Fagnant and Kockelman 2015 p.171). The
dependence on oil could worsen should AVs rely on fossil fuel, a plausible scenario if AV users expect
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to drive long distances in their vehicles (unless battery technology makes very significant strides). This
range of possible impacts is summarised by Clark et al.:

“[One vision is] ‘business-as-usual’ with road transport remaining an essentially private ‘owner-
user’ set of practices, with more cars and traffic resulting from the removal of constraints on who can use
vehicles and when. Few vehicles are electric as purchasers must still choose a single vehicle for all likely
household journey needs, including occasional long-range trips. In this context congestion, energy
consumption and emissions are likely to rise due to demand growth outstripping supply efficiency.
Greater physical inactivity would be a potentially growing problem for public health” (Clark et al. 2016a,
p.10).

Shared mobility or “collective efficiency” scenario

AVs could be deployed and used in the context of emerging mobility models, in particular shared
mobility. This new mobility paradigm is envisaged primarily as being developed in urban areas where
AVs could be integrated into, and potentially complement, existing mobility systems. Under the shared
mobility scenario, on-demand shared-use’> AVs, sometimes called “automated taxi systems” or
“automated personal rapid transit” would offer door-to-door services to customers. The size and the
shape of the vehicles would vary depending on the demand and they could be used either privately or by
more than one user group at a time (ride-sharing). These systems could be particularly attractive for the
“last mile” of a user’s journey (Choromanski et al. 2013; Chebbi et al. 2014; Lowson 2011; Cepolina et
al. 2011). It is expected that these vehicles would be used via smart connected devices (e.g. smart
phones) and that companies such as Uber would drive the market. In some contexts, the vehicles could
also be used by public authorities to complement existing collective transport systems.

Many authors claim this scenario could lead to “collective efficiency” (compared to the business-as-
usual scenario), a decline in car ownership and an optimisation of public transport and freight.
Alessandrini and colleagues, who led the CityMobil project, describe their preferred future, in which the
benefits of using AVs will be generated through shared mobility scenarios:

“The aim [of CityMobil] is to develop a revolutionary vision based on automated collective public
transport, automated vehicles for urban freight distribution, and a shift of paradigm, consisting in the
decline of car ownership and the rise of purchase of mobility services” (Alessandrini et al. 2015 p.146).

There is a difference, though, between AVs being well suited to this application and it being
probable. Considering a journey between London and Edinburgh, say, there may be several arguments in
favour of covering the vast majority of the journey in a train; the consumer, however, may feel no desire
to interchange twice or to share space with strangers on public transport. This dilemma may be resolved
in time by a technological advance that enables AVs to “couple” and travel together but this suggests a
significant change for public transport: could such chains of AVs use the railway, for example?
Assuming AVs remain independent vehicles, the creation of dedicated spaces for AVs on motorways
may make a door-to-door journey by AV from London to Edinburgh competitive. To discourage this, it
may be necessary to institute a charging framework that makes long-distance travel by AV unattractive.
This might be justified on the grounds of environmental impact but it is not obvious that a congestion-
based argument would be viable: if the motorways become too crowded, why should long-distance travel
be singled out for “punishment”?*

In urban areas, the attractiveness of on-demand, door-to-door, private or collective mobility is likely
to lead to a decrease in the numbers of privately owned cars, potentially changing ownership models
(Frisoni et al. 2016; Ticoll 2015; Le Vine and Polak 2014). This trend could contribute to increased
efficiency of the road transport network by reducing the number of vehicles, passengers and goods on the
road (Fagnant and Kockelman 2014; Ballantyne et al. 2014; Lam et al. 2014; Schoettle and Sivak 2015).
Shared AV mobility systems would be particularly effective if vehicles employed vehicle-to-vehicle
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and/or vehicle-to-infrastructure communication and were integrated with existing mobility and public
transport systems (Alessandrini et al. 2014 & 2015). A decrease in car ownership and a more efficient
network could bring a range of positive outcomes such as freeing parking space. For these reasons,
various authors see this as preferable to the business-as-usual scenario. As Thomopoulos and Givoni
(2015) put it: “A change where public and sharing will be seen as superior to private and individual
transport, could make the automated car a blessing” (p.1) and provide an opportunity to “de-privatise car
use” (p.2).

Even though some argue that this scenario has the potential to decrease congestion and tailpipe
emissions (providing all AVs are zero-emission), should AV use become extremely popular and
convenient, it could still lead to an increase in car travel. “Users that would typically take transit may
switch to shared automated vehicles if they are significantly more convenient at a comparable price.
This may cause transit to be starved of ridership, resulting in lower cost recovery of transit infrastructure,
and eventually reduction of services or increases in fares, both of which will perpetuate loss of users to
AVs” (Frisoni et al. 2016 p.83). As identified under the business-as-usual scenario, should AVs become
more popular than other modes of transport, such as public transport or rail, it could lead to a decline of
those services (Enoch 2015; Fagnant and Kockelman, 2015).

Therefore, it is argued that even under a shared mobility scenario there will be a need to anticipate
shifts away from public transport/active modes and to manage demand. The optimal solution would be to
ensure that on-demand AV systems are as integrated as possible into existing mobility systems, including
incentives to promote ongoing use of mass transit. This should ensure that AV use does not lead to
increased congestion and other unwanted consequences such as a decrease in physical activity. The
alternative, as Begg sees it, is gridlock if AVs prove very popular in London: “it is essential to maintain
the modal shift away from car if mobility and accessibility are to be maintained” (Begg 2014, p.34).

Automated collective transport combined with on-demand shared AVs

In some countries, such as Singapore, public authorities are planning to automatise their collective
transport systems and to use on-demand AVs to complement a broader automated mobility network.
Some believe the combination between automated public transport and on-demand shared-use AVs has
the potential to optimise a city’s transport network (Benmimou et al. 2009; Aoki 2004; Clerget et al.
2004; Alessandrini et al. 2015). Examining the case of London, Begg argues that automation and
connectivity could enable the bus network to operate more rapidly and efficiently and that on-demand
AV “pods” could usefully complement public transport in low-demand areas of the city (Begg 2014).
The Singapore model consists of exploiting this new technological tool to improve transport systems.
Thus, automation could optimise public transport systems and, if carefully integrated, on-demand shared-
use AVs could complement existing transport networks.

Parallel deployments

The “evolution” and the “shared mobility” scenarios described above could of course develop in
parallel. Certain conventional vehicle manufacturers are already teaming up with shared mobility
companies to launch automated taxi services in addition to their effort to develop privately owned AVs.
For instance, General Motors has announced that it will be collaborating with the E-hailing* company
Lyft to create automated shared taxis (Ramsey & Nagesh 2016). This model is being replicated by other
major OEMs, for instance with the collaboration between Uber and Volvo, in a “battle to reshape the
auto industry” (Ibid).
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Conclusions

Under both of the two main scenarios described above, VKT could increase, possibly leading to a
range of unwanted and undesirable consequences such as increased congestion, energy consumption and
emissions. According to Fagnant and Kockelman, the first two AV-use scenarios are moving towards:
“more vehicle-miles travelled...and automobile-oriented development” (Fagnant and Kockelman 2015
p.170).

Public authorities in most countries will be presented with different governance choices vis-a-vis
AVs. One of these choices will be to let the market develop AVs and accommodate this new technology
and the subsequent demand for AV use. Another policy route would consist of making some anticipatory
choices to accompany and steer the development of AVs towards desired policy and societal objectives.
The latter is more likely to prevent unwanted consequences associated with 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” (Howard and Dai 2013, p.17). A
transition towards vehicle automation could make transport systems more efficient and improve road
safety, if public authorities and other stakeholders act to ensure this. As models such as Singapore
suggest, the careful integration of this new technology into existing transport systems could lead to gains
in both personal accessibility and operational efficiency.

Potential strengths and weaknesses of different operating environments
and regimes

In the previous section, possible futures involving AVs have been introduced from the perspective
of user and policy response. Here the discussion turns to the environment in which AVs may be used. In
particular, is it possible to predict on what types of road and in which locations AVs might offer most
benefits? A better understanding of this may help to inform the development of policy relating to AVs.

Varieties of road

Any discussion of the potential for and potential impacts of automated vehicles must take account of
the existing wide variation across roads. In terms of infrastructure, roads differ in width, number and type
of lanes, curvature, frequency and nature of junctions, whether dual or single carriageway, whether
parking is permitted and so on. They also range in nature of surface and its condition as well as the
condition of markings and signage. These sets of characteristics help to determine a road’s operating
speed and any prevailing speed limit.

Then there is the road’s environment: some roads are effectively secluded whilst others are located
in areas of intense activity. And there is the traffic they carry and the degree to which this is actively
managed. On a very large proportion of the world’s roads, there is no strict delineation of space between
pedestrians and those travelling in vehicles, for example. On a small proportion, certain types of travel or
vehicle are excluded.

As the prospect of automated vehicles is contemplated, the varied nature of the highway network
must be actively confronted: it is clear that, at least to begin with, AVs are likely to perform better in
some environments than others.
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More and less promising environments

It is no surprise that motorways have already been identified in the UK as suitable environments for
partially automated vehicles: the forthcoming Modern Transport Bill in the UK is intended to make
lawful certain advanced “driver assist” features on motorways (Centre for Connected and Autonomous
Vehicles 2016).> Motorways have several features that mark them out as suitable testing grounds for
AVs: they are partially segregated, in that neither pedestrians nor cyclists are permitted to use them, and
there is no building frontage; they have simple junctions, involving merge/diverge conflict as opposed to
crossing conflict; they are dual carriageways such that all movement on a given carriageway is in a single
direction; they have wide lanes; all turns are gentle; and they tend to be in good condition. All of these
could be seen as making motorways “simple” environments to navigate and therefore a suitable setting
for the testing and development of automated technology.

This raises the question of whether this simplicity makes motorways merely a suitable starting point
or whether automated vehicles will always fare better on such roads, even as the technology develops.
On the one hand, advances in self-driving hardware and software can be expected to enable an increasing
range of environments and scenarios to become manageable by AVs. On the other, complex scenarios
will continue to be complex. Human drivers typically manage this complexity by slowing down and it is
likely that AVs will have to negotiate complex situations more slowly than they do simple ones. This
may pose no problem, unless it jeopardises the claims that AVs will bring significant increases to the
safety and/or practical capacity of the highway network.

On the theme of safety, would greater gains be expected on a motorway than on an urban street?
Motorways are already considerably safer than urban roads (per vehicle-kilometre) (Department for
Transport et al. 2015, p.84). If AVs are able to eliminate a consistent proportion of crashes across
highway environments, this indicates that they will have more to offer on urban streets than motorways.
But this seems unlikely: the human error that is often cited as lying behind 90% of crashes (Smiley and
Brookhuis 1987) takes different forms. Loss of concentration is not the same as a failure to judge a
situation correctly. Current technology seems much better suited to assisting with the former than the
latter,® again pointing to the motorway as a more promising environment.

In terms of practical capacity, headways (minimum gaps between vehicles) and lane widths on
motorways could both presumably be reduced with the arrival of AVs. The first should increase the
capacity of each lane and the second may enable the creation of an additional running lane. Furthermore,
if the expected reduction in crashes came about, it seems very likely that a case would be made for
increasing the speed limit. If this were granted, further capacity increases may follow.’

Turning to the urban environment, some of the same arguments apply: junction capacities would be
expected to increase because of reduced headways; large quantities of highway space currently given
over to parking would be released (Frisoni et al. 2016; Fagnant and Kockelman 2015; Anderson et al.
2014), possibly for use as additional running lanes (discussed further below).

But all of these assertions concerning capacity are based on an assumption that fully automated
vehicles will dominate and will not have to interact with other road users, including pedestrians, cyclists
and users of manually driven vehicles. A segregated network for AVs may enable some of these capacity
benefits to be reaped but segregation (discussed further below) seems considerably easier to deliver on a
motorway than in an urban environment. Without segregation but instead in a mixed-traffic environment,
most of these capacity gains cannot be expected to come about. Space may indeed be released in urban
areas because of reduced need for parking. If this were converted to running lanes, it is hard to see that
this would do other than cause congestion, given that junctions would have the same capacity constraints
as before. Moreover, the need for AVs to avoid collisions with other road users may prove a greater
impediment (Adams 2015; Le Vine and Polak 2014), a subject which is returned to below. Thus the
tentative conclusion is that urban environments are less likely to experience the capacity benefits of AVs
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than motorways, in spite of their typically more pronounced current capacity problems. That is, the
complexity of urban environments is likely to militate against the achievement of the capacity gains
which various authors see AVs offering.

Other environmental differentiators

Having contrasted two categories of road, it is appropriate to conclude by widening the discussion
to embrace spatial, cultural and economic differences across operating environments and regimes, as it is
not obvious that AVs will become equally prevalent in all places.

First, and reflecting discussion above, some places will be more suitable environments for AVs than
others. A mediaeval city built for walking and the occasional mule, such as Fez in Morocco, is no more
suited to AVs® than to conventional road vehicles (Brombacher 2014; Young and Rudin-Brown 2014).
Extending this argument from the extreme case of an Arab medina, a sparsely developed settlement with
wide roads and infrequent junctions (such as many north American cities) seems a more natural place for
AVs than a city with a dense network of narrow roads, and AVs may therefore prove more popular in the
former (Alessandrini et al. 2014). Second, culture is likely to play a part, with a community’s enthusiasm
for automation combining with its general fondness for cars and driving to determine the likely reception
of the technology. For example, Bansal et al. (2016) detected a preference for AV use amongst wealthy,
tech-savvy males living in dense urban areas in the USA. Third, with respect to wealth, AVs may remain
something for high-income countries (Urry 2013). This may be a function of individuals’ abilities to
afford the use of AVs but it will also reflect the fact that their use will depend on a degree of new
infrastructure (McKinsey 2015; International Transport Forum 2015): whether paid for by the state or the
private sector, there needs to be sufficient wealth in a nation’s or region’s economy for such
infrastructure to be a realistic prospect.

To conclude, other than distinguishing between urban and inter-urban travel, little research on AVs
differentiates in any detail between settings. The above discussion, though, clearly demonstrates that
environments differ considerably both in their readiness to receive AVs and in the extent to which the
benefits of AVs might be experienced. These differences are, if anything, likely to be more pronounced
across “unsegregated” environments. A better understanding of these differences could inform a rich
analysis of the relationship between potential benefits of AVs and the distribution of transport need,
thereby informing policy. This theme is returned to below in the discussion of seeking an optimum.
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How automated vehicles might integrate with/modify the existing
transport mix

Discussion now turns to the impacts of AVs upon other road users and the consequent effects on the
functioning of the network.

Many of the predictions concerning the impacts of AVs assume (implicitly or explicitly) 100%
penetration of fully automated vehicles. At this point, all the safety and efficiency benefits will be
realised and passengers will not need to give any attention to the driving task, so may be able to work,
socialise etc. This picture does not explain the place of non-motorised road users, which will be
discussed further below. But, as a traffic management scenario, it seems straightforward, provided all
issues of shared standards and algorithms have been resolved. At the other end of the spectrum is the
point at which the first fully automated vehicle enters the traffic stream. Because this vehicle will be the
anomaly, it seems obvious that it will have to comply with the norms of the majority. The matter is
slightly more complicated because its sensors and safety features might make it liable to stop more
readily than manually driven cars. But, in broader terms, there is no expectation that a segregated lane
will be provided for the first AV.

Rather more interesting are the points in between, when AVs represent 25% of the fleet, or 75%,
say. This can be helpfully illustrated by reflecting on the emergence of “horseless carriages”. When they
first arrived on the streets, drivers were expected to fit in with the prevailing practices of the time as
determined by the dominant form of transport (apart from walking) — horses. In fact, this expectation
was backed up by law: the UK Locomotive Act 1865 introduced speed limits of 2 mph in cities and
4 mph in the countryside and required certain motorised vehicles to be preceded by a person walking
with a red flag (The Society for the Diffusion of Useful Knowledge, 1866). Though this latter aspect is
often raised humorously, the underlying serious point is important: whilst a technology is used by a small
minority, they will be expected to comply with prevailing norms. And the fact that the Locomotive Act
was repealed some years later (when the number of automobiles had increased) demonstrates that a
tipping point can be reached. The change in the law reflected an acceptance that traffic norms needed to
alter in light of the new shape of the “fleet”. Horses are still allowed on most British roads today but the
roads are not designed or operated with them in mind and they are not allowed on motorways, the “elite”
form of highway infrastructure.

It seems likely that such a tipping point will be reached with AVs. When they first emerge, no
concessions will be made and it seems that few traffic benefits will result. When their number reaches a
certain point, it can be expected that their users will argue for changes to the highway regime. But what
changes? The answers may lie mainly in two areas: allocation of space and traffic rules. With respect to
the first, segregation of traffic types has been identified above as an obvious way of allowing AVs to
deliver some of their promised benefits in terms of capacity. Without segregation, AVs may be able to
provide a safety improvement over other types of vehicle but at the cost of operating in accordance with
the lowest common denominator (Fagnant and Kockelman 2015). This is because, at least for now, the
safety claim is sacrosanct and so it is not possible to speak of there being limits on the extent to which
AVs allow for the behaviour of others (Le Vine and Polak 2014).

Suppose, for example, that an AV is travelling on an open road at 40 mph. It is able to do this
because there are no other road users (nor anyone who could enter the highway) within 500 metres. As it
advances, a cyclist is detected. Current assumptions concerning the protection of all road users imply that
the AV will slow down gradually as the distance between the two decreases and, as the two pass each
other, it will be travelling sufficiently slowly that it will be able to stop safely or take safe evasive action
in response to anything the cyclist might do. It is easy to see that, in an urban mixed-traffic environment,
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AVs will need to travel at this minimal speed most of the time. But it seems unlikely that this will
constitute a satisfactory situation and Le Vine and Polak (2014) suggest some safety compromises are
therefore very likely.

Segregation would offer a natural alternative: if a closed system is created in which all vehicles are
operating according to a shared set of rules, there is no need to travel at extremely low speeds and the
AV proposition becomes more attractive to potential users. This suggestion should not be made lightly,
though: the scope for segregation is a function of the highway environment: in some places, it will be
possible to create an AV “lane” whilst still providing for other road users. Elsewhere, there will be space
for only one category of traffic, implying that policy makers will have to choose the “winner”. At
present, it seems obvious that “other road users” would be preferred but it would be short-sighted to
assume this will always be the case. As for segregation, it will probably be impossible to prevent
completely the intrusion of trespassers onto the AV lane. This may imply that the so-far sweeping safety
claims relating to AVs will become more nuanced: AVs will be designed to protect the welfare of all
road users, including those who may be feckless, but they perhaps will not be expected to protect those
who wilfully enter an area dedicated to AVs.

This leads to a wider discussion of traffic rules. The status quo is a set of norms and laws that
demand road users take sufficient care within an environment where mortal harm is a genuine risk.
Implicit is the understanding that a reckless act on a user’s part is treated accordingly — as reckless and
therefore culpable. A person who wilfully throws themselves in front of a fast-moving vehicle is
considered the guilty party. Current attitudes are subtler with respect to actions that do not constitute
“normal” behaviour but are not reckless either: the pedestrian who, walking at the edge of the footway,
trips on a paving slab, falls into the carriageway and is struck by a car, for example. The general view is
that, if “there was nothing the driver could do”, no fault is to be assigned. But what if there was
something the driver could have done? AVs are generally predicted to have quicker reaction times than
human drivers so the range of feasible evasive action will be wider and expectations may expand
accordingly. This suggests that the line between vehicle culpability and blamelessness may lie in a
different location than it does for human drivers. But it seems very likely that, in an environment
involving a substantial number of AVs, there will be such a line and society will not expect AVs never to
be involved in collisions.’ It is then a matter of translating such principles into the algorithms that
determine the vehicles’ behaviour. Writing algorithms that take the right amount of care will not be a
trivial exercise — enough to protect road users as far as possible, but not so much as to make the mode
uselessly slow. But the more significant point is that blanket guarantees of AVs protecting all life in all
circumstances are unworkable.

Whether or not these changes come about, it remains unclear what level of AV uptake is likely.
This is illustrated using a highly simplified causal loop diagram (Figure 2). As demand for AVs rises,
traffic volumes increase, leading (in urban areas) to reduced average traffic speed, which in turn
diminishes demand for AVs.' But what cannot be known at present is the relative strength of the
relationships and whether a new “equilibrium” would be a highly congested network or one where, as at
present in London, the various costs of using a private car in congested conditions act to nudge people
onto other modes.
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Figure 2. Traffic causal loop diagram
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The above discussion provides good reason to expect that fully automated vehicles would bring
major change to the network, though that change may not come about until the number of AVs reached a
tipping point. But any change is contingent upon various factors that will determine how attractive a
proposition AVs are, most significantly the way the network operates and the volume of road traffic.
There is likely to be a dynamic relationship between these two — the more AVs are in use, the greater will
be the pressure to adapt the network to suit them — so it is not possible to say at present where any future
“equilibrium” between supply and demand might lie. But it is very clear that public authorities at all
levels have very considerable power to influence these developments. Having raised this in a number of
specific contexts, a wider discussion of the role of public authorities now follows.

Possible consequences of “laissez faire” or more directive governance

“Whether the AV locks us further in or out of the ‘car based society’ depends on the choices we
make as a society, not solely on a specific technological development” (Thomopoulos and Givoni 2015,

p9).

The choices “we make as a society” are slightly ill-defined but it is unarguable that, whatever they
are, they are very much influenced by prevailing public policy which is, in turn, very much influenced by
the attitudes of society’s members. In this section, the range of potential public-sector intervention is
explored and assessed from the perspective of attempting to determine what level of governance may be
most desirable.

The potential and actual range of public-sector intervention

Governments at both a national and a local level already intervene to a great extent in transport in
general and in road transport in particular. The following list sets out some of the areas of current
intervention:

¢  Which vehicles can use which roads and when (e.g. pedestrianisation, restrictions on which
vehicles are permitted on motorways, time limits on deliveries, roads closed to heavy vehicles)
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e  Conduct on the road (e.g. speed limits, obeying red/green signals, freedom to park)

e Driver and vehicle (e.g. qualifications to drive, vehicle condition and functioning, requirement
to insure)

o  Safety equipment (e.g. helmets for riders of powered two-wheelers, lights on vehicles)
e  Cost (e.g. fare regulation, road pricing, fuel duty)
e The nature of highway infrastructure and/or rules governing its operation

This list naturally reflects the long history of mixed traffic including the long-standing presence of
manually driven road vehicles. The scope of intervention does, however, alter over time. For example,
sensing equipment is a novel addition: recent regulations relating to Advanced Emergency Braking
Systems (AEBS) include stipulations concerning a vehicle’s capacity to detect an obstacle (European
Commission 2012). Currently absent are regulations relating to the management of “trolley problems”,*
though it seems inevitable that they will appear in due course. Also currently absent are any regulations
concerning who may make which type of journeys and at what times. This second example may appear
well beyond the remit of public authorities with respect to transport but it has some relevance, as

discussed below.

The development of public-sector intervention with respect to road transport can be characterised as
gradualist — regulation or other action occurs in response to a development that is perceived to
necessitate it. The advent of automation has prompted some to argue for a more active stance (Enoch
2015; Thomopoulos and Givoni 2015; Begg 2014), the International Transport Forum (2015) seeing a
lack of evidence that government is preparing sufficiently, and Clark et al. (2016b) calling for
government leadership.

What public bodies can do and whether their action would prove beneficial overall is now explored
through a set of topics:

¢ Demand management;

e Released space;

o  Market failure; and

e Crime and justice.
Demand management

This topic recalls points made above concerning whether claims of increased highway capacity will
come to pass. This can be illustrated by contrasting control with autonomy. It is almost certain that, left
to its own devices, the market will deliver autonomous vehicles, being AVs that assess their surroundings
and proceed in a way that is optimal for the individual user(s). The problem with this is a familiar one in
transport terms — a large set of individuals making decisions that are individually optimal will generally
produce an aggregate situation that is sub-optimal (Heydecker 2016), the most obvious consequence
being congestion. And it has been suggested that AVs may prove a victim of their own success, roads
becoming clogged by users trying to enjoy new-found freedoms (Wadud et al. 2016; Clark et al. 2016a &
2016b; Anderson et al. 2014; Brown 2016; Smith 2012; Begg 2014).
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The converse of autonomy is control. In a fully controlled network, each user would submit their
journey desires to a central “control system” which would weigh up the collective requests and seek an
optimum.* Each vehicle would then receive its “flight path” which may or may not coincide with the
initial request. For, in order to achieve the system-level optimum, it is extremely likely that certain
journeys would need to be shifted in time, given routes that are not the most direct, or even assigned an
alternative (equivalent) destination. Whilst this sort of arrangement is very familiar in a range of
congestible networks such as the internet (Ofcom 2016), it is far from the norm in road transport where
the tradition has always been that people can, within reason, travel at will. And it would constitute a very
major departure from the pattern of public-sector intervention to date.

As described above, such a scenario seems implausible, especially if, in a mixed-traffic
environment, those in charge of other types of vehicle would be able to carry on as before. Co-operation
may offer a more palatable second-best. Here, vehicles would, through communication with each other
and road-side infrastructure, obtain information about conditions on the network and be able to plan
accordingly, perhaps agreeing with other vehicles to spread demand. This scenario would have the
advantage of enabling vehicles to avoid the site of a collision, say, but would be unlikely to match the
performance of the fully controlled network.

Recalling an earlier point about the future of mass transit, its survival may rely on a degree of public
intervention to support the integration of AVs with the public transport network (Alessandrini et al. 2014
& 2015). In the absence of central control, this would have to mean some form(s) of incentives that in
certain circumstances made a journey combining AV with (classical) public transport attractive, relative
to travelling by AV alone.

Of the incentives available, pricing is perhaps the most familiar, though it is likely to be less
effective than control, given individuals’ varying response to financial stimuli. Here, however, there is a
precedent, with various congestion-charging schemes in operation around the world, designed to guide
demand towards a social optimum. AVs offer the means to introduce smart pricing (since it is generally
accepted that they will be fitted with tracking equipment) and this may help to make pricing more
publicly acceptable than hitherto. Perhaps more significant is the possibility of “bundling” charging with
the new technology: ensuring that the arrival of full automation is firmly combined with pricing such that
there does not need to be a future point when pricing is introduced after a period of driving AVs “for
free”. Whether this will alter popular attitudes towards road pricing is moot. Again, if pricing is proposed
for AVs whilst other road users carry on as before, this seems unlikely to find favour unless the AVs are
operating in a “premium” environment such as a segregated network would provide. In the UK, for
example, the M6 Toll (a section of tolled motorway north of Birmingham) does not excite the
controversy of congestion charging because there remains an alternative high-speed route that is free at
the point of use. Users can choose to pay for a more reliable journey or take their chances with the
cheaper option. In a shared-use scenario, pricing appears plausible, not least because many users of
public transport are familiar with the notion of paying more to travel during times of peak demand, but
also because users are likely to pay “per trip” rather than buying the vehicle and its consumables up
front. The road pricing element could be combined with the base cost of the trip, thereby drawing less
attention to it.

The above discussion has been based on the assumption that expectations will remain largely as
they are now and most writing on AVs reflects an implicit (or explicit) assumption that use of AVs will
evolve from contemporary car driving, implying an expectation that current freedom of choice will be
preserved. So it is worth mentioning the idea of a culture change. Users of public transport are inured to
accepting the routes and timetables set by operators and they plan their travel accordingly. It is possible
that AVs will partially acquire the character of public transport: users may not so much expect to be
taken immediately to their destination by the most direct route as instead accept that their initial travel
desires will be “translated”, perhaps with some modification, into the journey they actually make. And
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this may seem an acceptable price to pay in exchange for door-to-door convenience, and certainty.
Reflecting on the discussion of models of ownership/use above, this readiness to accept modifications
seems likelier to accompany a shared-use model than an owner-user model, thus providing further
evidence in favour of the former.

Released space

A second area of potential public-sector intervention is space for parking. As discussed earlier, in a
scenario of fully automated AVs being used predominantly on a shared basis, it should no longer be
necessary for vehicles to spend long periods parked (Clark et al. 2016a; Frisoni et al. 2016; Fagnant and
Kockelman 2015; Anderson et al., 2014). Even with an owner-user model, AVs should be able to move
away from urban centres during periods when they are not needed. Given that a great deal of the land on
which vehicles are currently parked is publicly owned, what will authorities do if it is no longer needed
for parking?

The land’s location, typically between footway and running lanes, limits the options for
reallocation. Alessandrini et al. (2015) ponder its use to extend the public realm; it could equally be
allocated to walking, other forms of active travel or to public transport. Another obvious use would be as
a running lane for private traffic, particularly if the predictions of increased vehicle-km prove correct
(Begg 2014). The possible role of the private sector should also be considered: a strip of land with high
footfall (as in urban centres) is a natural retail opportunity. This presents the authority with dilemmas:
whether to pursue social good directly or indirectly (by generating income that could be used to meet
other needs) and, if the former, which good to pursue. The tension between movement and place is how a
familiar one (Transport for London, 2015). At the time of writing, the policy climate in London is
favouring health (Transport for London, 2014) and so, there at least, if the space were to be reallocated to
a transport purpose, the pedestrian and cyclist would be the likely beneficiaries. But local authorities
need always to protect their finances, so the revenue prospects of exploiting commercial opportunities
should not be discounted too readily.

The true laissez-faire response to highway space becoming free would be to do nothing and let the
users determine its future use. Though an authority is unlikely to be quite this permissive, the probable
consequence would be that the space was adopted by vehicular traffic. And, of the three options
discussed above, the one that most resembles this scenario is the active provision of a further running
lane. Would this be a desirable development? In one sense, it would allow more people “to do what they
wish” in terms of travel and there is a long history in transport policy of doing this. But, if junction
capacities in urban areas remain the practical constraint upon the volume of traffic that can be
accommodated, it could prove counter-productive.

Market failure

How would authorities respond to the prospect of market failure? This is not currently widely
contemplated, the literature instead tending to reflect an assumption that the technology will arrive and
be taken up. But this is not guaranteed: manufacturers may be wary of a development that threatens large
losses through legal action, as suggested by Le Vine and Polak (2014) who cite the reluctance of
pharmaceutical companies to manufacture vaccines in light of the risk of having to pay damages. Thus,
fully automated cars may not reach the market. If they do, their use may be very expensive at first
(Bierstedt et al. 2014) and there is a history of innovations foundering because of a lack of early uptake.
If the AV market appeared to be failing, what should authorities do? The answer will presumably vary
from nation to nation, reflecting both a national government’s spending power and the perceived
importance of the market at risk. At the moment, the UK government’s stated interest in AVs lies in two
categories — the commercial benefits and the transport benefits (Department for Transport, 2015). To
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what lengths could and should it go in reviving the AV market in order to capture these benefits? At the
extreme end, it could shore up the relevant businesses through subsidy, perhaps even nationalising
certain organisations. This has a recent precedent: on several occasions, the Department for Transport has
(sometimes through holding companies) taken over rail franchises when commercial arrangements have
broken down (BBC News, 2009). Whether it would act in such a way prospectively (i.e. before a
technology had become a central part of the transport network) is not clear. For now, the transport
benefits of AVs are not certain so it is fair to imagine that significant intervention is unlikely. This could
change, of course, if a broad consensus developed that supported a more optimistic view of the potential
of automation.

Crime and justice

Cybercrime is much mentioned in the literature, with several writing about the risks and the
standards that public bodies will need to establish to manage them (Fagnhant and Kockelman 2015;
DiClemente et al. 2014; Wagner et al. 2014; International Transport Forum 2015). Supposing, though,
that the only sure way of minimising the risk of a disastrous act of cyber-terrorism was to limit individual
freedom, perhaps by requiring AV users to reveal their identities at all times. Would authorities require
this? Taking the idea further, a security against such attacks might be to install “government override” in
all vehicles. Whether this would be acceptable seems to depend on how the vehicles would be owned and
used. An AV owner-user may find such an imposition harder to stomach than a more casual user,
habituated to surrendering a degree of autonomy whenever boarding public transport. Nevertheless, a
more interventionist authority may attempt to justify actions of this kind on the basis of public safety and
may be vindicated in the long term; a more libertarian regime may opt to take the risk and may, equally,
be vindicated. But the latter regime faces a higher cost if proved to have made the wrong decision.

It is helpful to explore the theme of justice through a contemporary example of a woman jailed after
her child was killed as she jaywalked with him in Georgia, USA. In Balko’s (2011) account, her situation
is presented as deeply unjust: the “safe” means of crossing between the bus stop and her home involved
an inconvenient detour; the driver who struck her son fled the scene; he had impaired vision and a history
of such incidents, and admitted to having drunk and taken painkillers that evening; he served six months
of a five-year jail sentence, whereas she was likely to be jailed for three years. Whether this is a balanced
presentation of the facts is perhaps less important than that the writer (and, presumably, the 5 200 people
who signed a petition seeking a pardon for Raquel Nelson (Davis 2011)) believe the transport system
(reinforced by the judicial system) to give unjust priority to the car driver over the pedestrian. Supposing
this to be the case, the next question is what, if anything, authorities might do to address injustice as AVs
arrive on the scene.

Bonnefon et al. (2016) conducted a survey that indicated respondents sympathised with “utilitarian”
vehicle design but would choose to travel in an AV that prioritised their safety over that of others. It
seems likely that manufacturers would bear this in mind when designing their vehicles. If the status quo
implicitly prefers the driver of a motorised vehicle over other road users, can it be expected that AV
users will automatically be propelled into an additional, higher category in the hierarchy? This recalls
earlier points about the prospects for segregation: first, if parts of the highway network are reallocated to
AVs, this implies that there will be less “to go around” the other users. At-grade segregation also has the
important consequence of reducing the accessibility of other road users, particularly pedestrians.
Returning to the case from Georgia, there would be pressure from AV users for a segregated network to
be subject to as few stops as possible, in order for the benefits of segregation to be reaped. How many
concessions, then, would be made to those needing to cross such carriageways? If the market were to
decide, it seems likely that the AV facilities would be favoured. A more directive authority may pursue
an egalitarian line, with the consequence that the AV user gained less in comparison. The general point is

24 ITF Discussion Paper 2017-07 — © OECD/ITF 2017



Cohen & Cavoli — Automation of the driving task: some possible consequences and governance challenges

that a laissez-faire approach to the arrival of AVs is likely to consolidate any existing inequality and that
deliberate action will be necessary if a different balance is to be arrived at.

Discussion

The gradualist approach of public-sector intervention in transport has been identified above and
indicates that the more “exotic” regulatory opportunities that will accompany the arrival of AVs may not
be grasped rapidly. Authorities are likely also to be cautious in employing policies that might be
characterised as constraining freedom in any way (as with the notion of a controlled network). This
suggests that laissez-faire will dominate by default and that autonomy (and not control) will therefore be
the prevailing regime. A specific consequence is the persistence of congestion in a world including AVs,
with all its negative consequences, though whether it will be more or less severe than at present is not
possible to say. As to when authorities should act, several authors argue for the “wait and see” model in
preference to regulating on the basis of hypotheses about the future (Bohm 2015; Fox 2016; Anderson et
al. 2014) though many urge a more interventionist line (Anderson et al. 2014; Clark et al. 2016a; Le Vine
and Polak 2014; Begg 2014).

In closing, whilst much of the above discussion suggests that authorities can act to improve the
outcomes that are seen with AVs, it should not be assumed that such actions will deliver benefits that
outweigh their costs. Just as leaving the market to determine the matter will create winners and losers, so
will a more interventionist approach to governance. Any public authority will need to establish a strong
case for action, particularly given the history of opposition to regulation in transport. A possible way
forward, therefore, is to foster public debate on certain of the issues. This has already been proposed on
oft-discussed trolley problems (Frisoni et al. 2016; Bonnefon et al. 2016) but it could have wider
application, with the effect of providing authorities with confidence concerning both which areas most
deserve action and which specific actions would be publicly acceptable.

The next section is based on the assumption that authorities will take a more interventionist line and
asks what might then arise.

What “optimum” might mean and challenges authorities will need to
address in attempting to deliver it

The purpose of this section is to explore the implications of setting and pursuing a single objective.
Transport policy is, of course, a great deal subtler than this: there are multiple objectives, generally
accompanied by constraints, and authorities are tasked with finding a workable compromise. It is
therefore best to consider this section as a thought experiment intended, through its simplicity, to permit
some tentative conclusions to be drawn about the likely consequences of pursuing one or other goal.
Moreover, what is true of pursuing a given objective in isolation may be true of pursuing it in
combination with others.

It is legitimate to begin by asking whether authorities should in fact seek to achieve an optimum.®
One response would be to ask, if it did not, what instead they would be seeking to achieve. For
authorities to seek something other than the most desirable outcome would appear perverse. But pursuit
of the optimum may prove unacceptably costly. Or the optimum may be unattainable, making it
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necessary for an authority to concentrate on less desirable, but attainable, goals. Before any of these
issues can be addressed, though, the optimum must itself first be defined.

This is not straightforward. According to the UK Department for Transport, it is there to “keep
Britain on the move” (Department for Transport n.d.). Whilst this serves in a superficial way to explain
its purpose, it does not constitute an indicator against which success could be judged. The gquantity to be
optimised in transport instead tends to relate to speed (journeys to be made at the highest possible speed
subject to suitable constraints), capacity (the network to accommodate the greatest volume of travel
possible) or accessibility (users being able to reach destinations they value at an acceptable [generalised]
cost). Reliability has appeared more recently (journeys to be as reliable as possible) but will always
accompany another metric because high reliability will not be treasured if it comes at the cost of very low
speeds.' Externalities appear in the stated goals of transport agencies, in terms of reducing casualties,
noise, emissions etc. Again, these will not be used to define an agency’s mission but will act as
constraints.

This degree of variation makes it difficult to be specific about a future optimum in a world of AVs.
Most discussion of AVs in this context has tended to emphasise capacity increases, with little said about
the prospects of AVs travelling at a higher speed than manually driven vehicles. Indeed, the UK
government proposed in 2011 to increase the speed limit on motorways but set the idea aside some
months later, which suggests that the policy fashion in that country is not in favour of increased speed
(Gayle 2013), at least for now. It is perhaps safe, therefore, to conclude that the optimum, with or without
AVs, will not be speed-related. On the basis that reliability will always be subordinate to another goal,
this leaves capacity and accessibility as the strongest candidates.

If the goal were the maximisation of capacity, this would reintroduce the contrast between control
and autonomy discussed earlier. A greater practical capacity can be achieved (that is, more vehicle-km
can be successfully driven) if journey demands are managed than if all actors make trips at will, even
with the benefit of information provided through connectivity. But it is immediately apparent that the
dogged pursuit of this optimum will be politically challenging, given points made above concerning
likely attitudes to a controlled system. If, as suggested, a fully controlled system is not palatable, smart
road pricing would be an alternative way of “sweating the highway asset” so as to enable a greater
volume of travel to take place.™ Its public acceptability is less clear but, as discussed above, an authority
may be able to introduce it as “packaged” with the technology, and render it more tolerable by offering in
compensation the benefits of a segregated network.

This does not address the question of whether it is desirable to maximise capacity. Seeking to
accommodate as much movement as possible (which would appear to serve the Department for
Transport’s mission of keeping Britain on the move) implicitly characterises mobility as a good thing.
An alternative goal is to reduce the need to travel®® which reflects a more qualified assessment of
mobility, as not intrinsically desirable. These contrasting positions predate the advent of self-driving
technology by many decades so the prospect of a transport revolution (in the form of self-driving
technology) merely prompts a re-examination of a familiar debate. If movement is a good thing and if
AVs will enable more movement to take place, it follows that more movement should take place, though
this may be at the expense of increased energy use and, quite possibly, greenhouse gas emissions
(Wadud et al. 2016). Reflecting on the earlier discussion of how to allocate space previously used for
parking, the principle that “movement is good” appears to imply that such space should be dedicated to
movement rather than place.

Turning now to accessibility, this is an attribute that varies over people and locations so optimising
it is not a simple matter of seeking its maximum value. There is an extensive literature on the subject that
cannot be summarised here so, for the sake of practicality, it will be assumed that a public body sets out
to achieve a minimum threshold of accessibility for all its citizens. Those who lie beneath this threshold
in the “base case” will do so for a range of reasons, including low income; personal needs or
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circumstances that make conventional transport difficult and/or expensive to use; lack of access to or
capacity to drive a car combined with the absence of a viable public transport service; and a home
location that is a long journey from key services.

On the face of it, AVs present public authorities with an exceptional opportunity to bring most of
these individuals up to the stipulated accessibility threshold: free or subsidised AV travel could address
problems of low income, access to/capacity to use a car, and inadequate public transport. Depending on
how accessibility is measured, it may not be possible for AVs on their own to overcome problems of
remoteness or of network sparsity but this is not a shortcoming of AVs per se. And AVs may provide a
solution for those who find conventional forms of transport difficult to use, depending on individual
circumstances and the way AVs operate: it seems likely that AVs could serve a large proportion of those
with mobility impairments (Fagnant and Kockelman 2015; Ticoll 2015), and a well-designed user
interface may prove manageable for many people with learning disabilities or sensory impairments.

There is a strong, if inconsistent, history of government intervention to enhance the accessibility of
certain groups, the most prominent UK example being the policy of offering concessionary bus fares to
older citizens and some people with disabilities (Butcher 2015). So the use of AVs in the way described
would not be a radical departure, though it may be costly. Just as the National Health Service is facing
the financial consequences of having ever more sophisticated (and, therefore, more expensive) treatments
available (NHS England 2013), transport authorities may find it impossible to provide the desired level
of accessibility using AVs (Wagner et al. 2014). Rather, it is feared that the benefits of AVs will be
enjoyed by the wealthiest, at least to begin with, given the likely cost of using them (Bierstedt et al.
2014; Thomopoulos and Givoni 2015; Enoch 2015). Moreover, if a segregated network were created to
enable AVs to reap the benefits of the technology, and regular users paid a premium for its use,
allocating some of its capacity to assisting needier members of society may prove unpopular.

To return to the opening question, should authorities pursue an optimum? This discussion has
identified some of the considerable inherent challenges, not least that of selecting the optimum to begin
with. Of the two candidate optima discussed, there appeared a more obvious policy fit between AVs and
increasing accessibility. In light of the difficulties identified with intervening to pursue objectives
relating to either accessibility or capacity, it is legitimate to ask again whether laissez faire is not
therefore a preferable mode of governance. The directive authority will be criticised for the strictures it
imposes in pursuing the chosen optimum and for any perceived failure to reach its target; the laissez-faire
authority may be criticised for not identifying and pursuing an agenda and will certainly be criticised if
its citizens find they are unable to do as they wish, as a result of congestion, for example. But perhaps a
more significant risk of laissez-faire is best expressed in the quotation attributed to Laurence J Peter: “If
you don't know where you are going, you will probably end up somewhere else” (Peter 1977, p.125).

Conclusions and recommendations

The discussion of various topics above has been necessarily tentative given the level of uncertainty.
Nonetheless, several conclusions can be drawn on the subject of governance.

With respect to questions of ownership and use, a greater number of negative effects was associated
with the owner-user scenario than other scenarios such as shared use. Whilst the shared-use scenario may
come about naturally, public authorities could act to promote it. Where public-sector intervention appears
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essential is in integrating AVs with existing mass transit, in terms of infrastructure planning and
encouraging travellers to use the services. Without this intervention, many mass transit services could
struggle to survive and traffic levels on the highways may well become unsustainable.

Discussion of operating environments concluded that AVs will fit better in some locations and types
of highway setting than others and that they are equally likely to deliver benefits unevenly, with reason
to think that, if not segregated from other traffic, they are less likely to improve traffic conditions
especially in urban areas. This likely variety of impact could inform a useful policy development
exercise, based on a spatial comparison of likely AV benefit with known transport need.

With respect to the integration of AVs with mixed traffic, it was argued that the current presumption
that they will protect life at all costs is very likely to be modified into a more nuanced position in order
that they may travel at useful speeds in the vicinity of other road users, broadly consistent with existing
norms that demand reasonable care on the part of all road users. But it is not possible to say at present
what the dynamic relationship between demand and traffic speed might mean for any new “equilibrium”
on the road and, in particular, whether congestion could be expected to improve or worsen compared to
current conditions. This uncertainty about network performance further emphasises the significance of
segregation as a policy option: authorities can choose to apply it so that AVs may deliver more benefits
but at possibly considerable cost to other road users, not least in terms of reduced accessibility.

The role of the public sector was then explored in more general terms from the perspective of level
of intervention: should authorities “wait and see” or take deliberate action to guide the development and
implementation of self-driving technology? Looking at various ways in which authorities might
intervene, several challenges were identified with the interventionist approach, many of them relating to
the likely acceptability of measures such as pricing or the imposition of security measures that may be
seen as infringing personal liberty. A connected hypothetical discussion of the pursuit of one or other
optimum by a transport authority drew similar conclusions but found more social potential in pursuing
accessibility as a goal than capacity. None of these explorations, however, automatically demonstrated
the superiority of a laissez-faire approach to the governance of AV technology. Laissez-faire has the
advantage of freeing authorities from having to justify interventionist policies but brings the considerable
risk of backlash if this approach does not deliver the outcomes stakeholders seek, for example if traffic
conditions should worsen rather than improve. One specific conclusion was that much might be gained
by testing the opinions of citizens and others prior to any implementation.

These conclusions help to reinforce the case for several of the recommendations made as part of the
work for the UK Department for Transport described in the introduction. Those recommendations were
as follows:

e Development of scenarios for technological & market developments, use of & response to AVs
e  Transport network simulation exercise
e Exploration and appraisal of the potential role of the public sector

o Deliberative exercise with citizens and organisations to investigate attitudes and likely
behavioural responses to the technology

The development of scenarios is intended to help manage the uncertainty associated with this
technology. A small number of scenarios would be developed that would, between them, articulate a
wide range of plausible futures involving both the nature of the technology and the responses of
consumers and others. In particular, the scenarios would have very broad scope, thereby allowing a
greater number of interactions to be captured than has been the case in work done to date. They could
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helpfully then inform a network simulation exercise that would enable some early understanding of what
might be expected to happen as AVs entered the traffic mix.

The investigation of the public sector’s role strongly echoes much of the discussion in this paper.
This exercise would enable public authorities to understand the range of policy options available to them
and, tentatively, to assess the likely impacts of their adoption, particularly with respect to the pursuit of
their objectives.

The deliberative exercise is intended to move beyond the rather mixed quality of most attitudinal
surveys done to date on the topic of AVs. As recommended to the Department for Transport, it would
draw, if possible, on the set of scenarios to be developed.

Three non-research recommendations were also made to the Department for Transport:

e The establishment of a cross-government AV research panel, reflecting the fact that the benefits
and costs of AVs are likely to spread well beyond the purview of the Department for Transport
alone;

e A summit of major funders of transport research, designed to co-ordinate activity in an area
which is currently being very intensively, though inconsistently, researched

o Deliberative events/exercises for officials, drawing on the stakeholder workshops conducted as
part of the scoping study, and designed to enable policy makers to identify any preconceptions
they may have about AVSs, positive or negative, and to appreciate the very broad range of this
technology’s possible impacts.

In closing, this is a nascent technology and the research conducted on it to date reflects this. But, as
a socio-technical system (Nye 2007), AVs raise major questions of governance. Even if the conclusion is
in favour of laissez faire, this should be on the basis of having first thoroughly examined the potential of
public bodies to promote the advantages and manage the disadvantages of this technology.
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Appendix - conceptual framework

There are two main characteristics that contribute to the complexity of this subject:
e The extent of uncertainty
e The multiple links between factors (for example, attitudes informing government action,

thereby influencing technological development and hence uptake, and thus leading back to
attitudes etc.)

As part of the study for the Department for Transport, it was considered necessary to simplify these
relationships significantly to make them manageable. The resultant conceptual framework represents an
attempt to capture the strongest relationships between factors and, at the same time, provide a pragmatic
way of dealing with uncertainty.

The categories within the framework
The core of the framework (see Figure A.1) has five categories:

Technological & market developments — the set of actions that will determine the AV “offer”

o Use of & reaction to AVs — how AVs will be purchased or accessed; to what extent, in what
ways and by whom they will be used (e.g. privately or collectively); and how other road users
will respond

o Consequences/wider impacts — the range of first- and higher-order impacts of AV use,
ranging from network performance to well-being, many involving consideration of social and
behavioural issues

e Stakeholders’ awareness & attitudes — the role of belief and opinion on the part of

individuals and organisations, users and non-users of the technology, in shaping the
technology, its uptake and the various consequences of uptake
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e Public sector’s role — the scope for government at all levels (whether explicit or implicit) to
affect the forms of technology, their uptake and the consequences of uptake; and the policy
issues that are likely to arise

Outside the core are Global trends/drivers, serving to demonstrate that the AV “system” is subject
to a wide range of external influences; and Monitoring & consequential actions which represents the
element of the feedback process in which actors seek to correct relationships that are perceived to be
leading to unwelcome outcomes.
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Figure A.1. Conceptual framework
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Interactions within the framework

Whilst, in reality, there is a highly complex set of interactions within and between the categories,
the principal flows within the framework are linear, represented by large solid arrows, with feedback
loops:

Technological & market developments is the first step, (of course influenced to some extent by
exogenous factors). Use of & response to AVs covers the set of reactions to what technologies are
offered by the market(s). Finally, consequences/wider impacts are the set of effects that are propagated
by the pattern of AV uptake and use. The diagram shows both Stakeholders’ awareness & attitudes
and Public sector’s role as interacting with each of these three steps: for example, the nature of the AV
offer will be significantly influenced by the regulations imposed by public bodies; equally, the extent to
which AVs are taken up will be a function of stakeholder beliefs concerning their desirability,
affordability, safety, and so forth.

This admittedly simplistic set of relationships is helpful in demonstrating that predictions
concerning consequences/wider impacts rely upon either evidence or assumptions concerning the
preceding two categories — Technological & market developments; and Use of & reaction to AVs. A
central recommendation to the Department for Transport was therefore the development of a set of
scenarios designed to “map out” some of the plausible combinations of AV offer and consumer response.
These scenarios could then be used as a platform for research into consequences/wider impacts.

The conceptual framework relates to the structure of this paper as follows: Possible models of
ownership and use and Potential strengths and weaknesses of different operating environments and
regimes are both located mainly on the left-hand side of the conceptual framework. The remaining three
sections are based more in the area of Consequences/wider impacts, though with a strong emphasis on
governance throughout.

Notes
1 Greenwich GATEway, UK Autodrive (Milton Keynes and Coventry) & Venturer (Bristol)
2 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.

3 If a motorway congestion charge took the form of a flat rate per unit distance, this may avoid any claim
of discriminating against a particular journey length whilst at the same time making a long journey
expensive. But, for now (and quite possibly in the future), motorway crowding is inconsistent and is
most pronounced in the vicinity of cities, so to charge for long distances travelled on relatively quiet
stretches of road may prove unworkable.

4 “E-hailing” describes the ordering of a taxi via a mobile device or computer. At present, the most
familiar E-hailing company is Uber.

5 The other aspect identified for action in the Modern Transport Bill is remote-control parking.
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Fagnant and Kockelman (2015) find, for example, that AVs struggle to identify objects on the road.

Under the “relative safe following” model, acceptable spacing is a function of vehicle length, time
between incident and response, and speed. It is generally expected that the time element will be shorter
for AVs than for human drivers (though not zero). Hence, the speed at which flow reaches its maximum
may be higher in the case of AVs than for cars and a speed increase on motorways may be accompanied
by an increase in capacity.

To be clear, Fez does not suit the kinds of AVs that have been produced to date, nor the various future
design concepts encountered in the literature. This does not mean that an AV “fit for Fez” could not be
designed, but it does seem unlikely. It is another matter to ask whether the people of Fez would want
such a vehicle.

Alternative views do exist. e.g. Adams (2015)

The point at which traffic speed reduces may be much higher than in the present scenario of manually
driven cars but it would nonetheless be reached at some point.

“Trolley problems” are philosophical thought experiments in which a decision has to be made between
two or more perilous outcomes. In addition to exploring the relative value of different lives, trolley
problems address questions of action and omission. “Moral Machine” is a web-based tool which invites
users to consider trolley problems involving AVs (MIT Media Lab n.d.).

The nature of this optimum is discussed in the next section.

In this section, “optimum” is used in the context of a performance indicator selected by a public-sector
body as an appropriate proxy for its aims and objectives. The optimum is the most desirable point on that
performance indicator (i.e. the one which represents most progress towards the body’s aims/objectives),
often (though not always) the maximum.

It is interesting to note, then, that the UK Department for Transport’s Single Departmental Plan (which
tracks its performance against its objectives), concentrates on punctuality (public transport) and delay
(highways) (Department for Transport 2016).

Whilst pricing deters some people from travelling by the mode in question, others are encouraged to
depart at a quieter (i.e. cheaper) time or to choose a less trafficked (i.e. cheaper) route. At peak times,
pricing will lead to increased traffic speed and, hence, typically greater flow.

This was a goal of the UK’s Labour government elected in 1997 - (Department of the Environment,
Transport and the Regions 1998)
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