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Abstract

In the current paper, we discuss the need for regulation at EU level of Connected and
Automated Driving solutions (henceforth CAD) based on multiple considerations,
namely (i) the need for uniformity of criteria across European Member States, and
(ii) the impact that regulation—or the absence of it—has on the proliferation of spe-
cific technological solutions. The analysis is grounded on legal and economic con-
siderations of possible interactions between vehicles with different levels of automa-
tion, and shows how the existing framework delays innovation. A Risk-Management
Approach, identifying one sole responsible party ex ante (one-stop-shop), liable
under all circumstances—pursuant to a strict, if not absolute liability rule—is to be
preferred. We analyse the solution adopted by some Member States in light of those
considerations and conclude that none truly corresponds to a RMA approach, and
differences will also cause market fragmentation. We conclude that because legal
rules determine what kind of technological application is favoured over others—and
thence they are not technology-neutral—uniformity across MSs is of essential rel-
evance, and discuss possible policy approaches to be adopted at European level.
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1 Introduction

The paper discusses how liability rules influence the kind of technology that ulti-
mately emerges and prevails and, based on the critical analysis of the existing
legal framework at European level, concludes that, in the field of autonomous
driving, reform is needed, and that it should be grounded on a Risk-Management
Approach, overcoming the need of an exact apportionment of liability through
complex litigation.

Such an approach would favour market penetration of increasingly autonomous
vehicles—to be deemed beneficial in an economic and social (in terms of acci-
dent reduction) perspective—so long as it was implemented at European level,
to avoid divergence among Member States (henceforth MSs), that would instead
cause market fragmentation.

To do so, it starts by acknowledging how at least two types of automation are
possible: Type-1, where the user is free to choose to activate the self-driving
function of the car, and Type-2, where the human being is radically excluded
from any involvement in the driving task (Sect. 2).

It then discusses what incentives existing liability rules at European level pro-
vide to the uptake of increasingly autonomous vehicles (Sects. 4-13). In such a
perspective, it takes into account how transition towards higher levels of automa-
tion will occur over time, thence allowing for the coexistence of vehicles with
different degrees of automation (Sect. 5). Three different stage are defined, the
current one (S,) where the number of autonomous vehicles on the roads is neg-
ligible, and those display low levels of automation, a final stage (S;) where most
if not all vehicles are highly automated, and an intermediate stage (S;) where the
two populations coexist (Sect. 6). By modelling the interaction of two vehicles
in each stage—two non-autonomous (N-Type) in S, (Sect. 7), two autonomous
(A-Type) in S; (Sect. 8), and one N- and one A-Type in S; (Sects. 9—11)—the
paper shows how the existing liability framework at European level—primarily
grounded on product liability, driver’s liability and owner’s liability—will cause
the owner of an A-type vehicle to be heavily burdened, discouraging early tech-
nological uptake (Sect. 12).

In particular, the complexity and inefficiency of the current liability frame-
work will cause apportionment of liability among possible responsible parties to
become ever more complex, and ultimately leave the owner to bear the economic
consequences of an accident, pursuant to strict or semi-strict liability rules such
as those today in place. Manufacturers and other service providers will not be
easily forced to internalize the costs they give rise to (Sect. 13).

The paper therefore suggests that reform is necessary not to delay innovation.
A reform of the liability system into place should be inspired to the so-called
Risk-Management Approach (RMA), whereby the party is held liable who is best
positioned to (i) identify and reduce risks, and (ii) manage associated costs, also
through insurance. Such an approach is based on the consideration that the pri-
mary function of liability rules should be that of ensuring compensation, while
optimal safety investments are better ensured through other bodies of norms
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(including product safety regulation). To this end, strict (if not absolute) liabil-
ity rules should be employed, clearly identifying one single responsible party
towards the victim (one-stop-shop approach) (Sect. 14). Such a party might alter-
natively be identified in the vehicle owner, favouring the emergence of Type-1
automation (Sect. 14), or the producer, leading to Type-2 automation (Sect. 15).

According to such a perspective (Sect. 16), the legislation adopted by some Euro-
pean countries—namely Germany and the United Kingdom (despite the latter not
being anymore a Member State at the moment the article is published)—are briefly
described and assessed (Sects. 17, 18, respectively) to conclude that they do not
fully abide to the RMA as defined, and still leave room for inefficiencies and uncer-
tainties, as the current legal system (Sect. 19).

Therefore, given the inefficiency of the current liability framework, the risk
that MS intervene with national legislation adopting divergent criteria—ultimately
favouring different kinds of automation—Ieading to market fragmentation, a policy
recommendation is made for the European Union to intervene and reform the field
of liability for accidents arising from the use of connected and automated driving
solutions (CADs), pursuant to a Risk-Management Approach (Sect. 20).

2 The need for regulation of connected and automated driving
solutions: setting the framework

A recurring debate in law and technology is that of whether regulation hampers or,
rather, promotes innovation. Intervening too early, when the understanding of tech-
nology is limited, might lead to the adoption of inappropriate solutions that prevent
its use and diffusion. At the same time, failing to intervene might be costly in a two-
fold sense. Firstly, there might be aspects of extant legislation that prevent the use of
a given application, and thence delay innovation' and cause a competitive disadvan-
tage for players operating within that system. Secondly, if policy makers renounce a
leading role, they might allow the emergence of technical solutions that conflict with
fundamental values and principles that qualify the system, and yet create a path-
dependency hard to address later on, once diffused.

The complexity of innovation, the number of variables involved, and the artic-
ulated interaction between these factors, prevent the identification of a one-fits-all
theoretical framework, thence an analysis can only be attempted by looking closely
at one specific class of applications at a time, considering the peculiarities that dis-
tinguish it from others (Bertolini 2013).

! That could be the case with a legal definition of vehicle that determines what may or not circulate, see
Sect. 3 below.
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The case here considered is that of CADs, by that intending vehicles with differ-
ent degrees of automation? that enable the user to relinquish partially or completely
the driving task to the combination of software and hardware.

We will therefore try to assess whether there is a need for regulation, and whether
this needs to occur at EU or MS level. To this end, we will make some crucial
assumptions to further pursue the analysis.

First, we assume that the emergence of autonomous driving solutions is desirable,
for it will reduce the number of accidents (Broggi et al. 2008), and will possibly
improve other aspects of mobility, traffic and urban environment, which, however,
will not be here further discussed. We also assume that the effect in terms of acci-
dents reduction depends upon the percentage of vehicles with higher levels of auto-
mation present on the road in a non-linear way. Said otherwise, the positive effects
caused by the diffusion of autonomous vehicles may not materialize until they reach
a significant market share. CADs’ efficiency in improving traffic builds upon their
ability to interact, exchange information and coordinate with one-another. Therefore,
until such scenario in reached, allowing to unlock positive network externalities and
CADs potential in reducing the number of accidents, a human driver might still per-
form better in anticipating and understanding—thence avoiding—the erroneous or
illicit behaviour of other drivers than an autonomous system.

At the same time, we also assume that a large percentage of CADs circulating
on public roads might lead to new forms of accidents to emerge due to failures,
errors and interferences that may be anticipated and described only partially. Pri-
marily, given their connected nature, cybercrimes, software and connection failures,
as well as the malfunctioning of hardware and sensors involved in the performance
of the driving task, will replace accidents due to the misbehaviour of human driv-
ers.> Determining the frequency of these accidents, and the relevance of their con-
sequences is extremely hard. Data currently possessed is largely insufficient to this
end, and therefore all statements about the increased safety brought about by autono-
mous driving are to be deemed qualitatively and not statistically supported (Kalra
and Paddock 2016).

Secondly, we base our study on a fundamental distinction between different kinds
of automation: a first one, where autonomous driving is a function that can be acti-
vated or disabled according to the choosing of the user (henceforth Type-1); a sec-
ond one, where no human being is involved in the driving process and the vehicle
does not even possess controls for the occupant to interact with (henceforth Type-2).
The two do not necessarily—yet may (see below Sect. 11) represent different stages
of technological advancement, for the former might appreciate automation merely

2 SAE International, an automotive standardization body, issued a classification system in 2014; after
an update in 2016, the consolidated version is now named J3016_201609 and is available on the website
www.sae.org. The classification levels range from O to 5, where 0 is a traditional car with simple system-
issued warnings, 1 consists in a vehicle featuring some devices like Lane Keeping Assist, 2 means that
the car is capable of accelerating, braking and steering by itself, 3 allows the driver to avert eyes from
the road, 4 is the so called “mind off” level and 5 is the most advanced threshold, called “steering wheel
optional”.

3 Por a discussion of such hypotheses, see (Geistfeld 2017, 1660; Engelhard and de Bruin 2018, 84 ff).
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as an additional feature of the car, that is not intended to replace “the pleasure of
driving”. The two types of automation lead to very different approaches to mobil-
ity—maintaining car ownership or replacing it with service-solutions—with further
effects on traffic, the way urban spaces are shaped, and how the automobile industry
will evolve.

3 Identifying the fundamental legal issues

When discussing the regulation of CADs there are three essential issues that need to
be tackled, namely: the lawfulness of their circulation on public roads, the possibil-
ity of testing prototypes, and the apportionment of liability rules.

Among the three considered, the first one, is indeed essential. Absent a definition
of vehicle that enables their circulation, CADs could not be used. Some countries
possess a sufficiently broad definition within their traffic code, that requires no adap-
tation,* while others should modify their legislation for this very purpose and still
failed to do so.’ The way in which such delay might prove detrimental is twofold.
From a national perspective, it would limit the MS’s own market; from a European
perspective instead, it might obstacle free circulation of goods and people across
MSs, for it might impede CADs to be used in those countries that do not possess an
all-encompassing definition of vehicle, and thence it might provide an argument for
EU intervention (Evas 2018).

As for the second issue, a framework enabling testing on public roads is also
essential in particular for manufacturers operating within the single MS, allowing for
technological advancement and the acquisition of data necessary to assess risks, the
frequency of their materialization, as well as their possible consequences. The lat-
ter, moreover, is required to tailor adequate insurance products. Different regulation
within MSs would however not be problematic, eventually creating a competitive

* That is the case of Germany and UK. Under the German Road Traffic Act Sect. 2, motor vehicles are
defined as land vehicles which are moved by machine power without being bound to railroad tracks,
whereas the UK Road Traffic Act 1988 Section 185 defines motor vehicle as a mechanically propelled
vehicle intended or adapted for use on roads. Both the provisions comply with the Vienna Convention
on Road Traffic, 8th November 1986, which defines a motor vehicle as a power-driven vehicle (i.e. self-
propelled road vehicle other than mopeds and rail-borne vehicles) which is normally used for carrying
persons or goods by road or for drawing, on the road, vehicles used for the carriage of persons or goods,
therefore not requiring that the vehicle is driven by a human driver. Thus, German and UK legislation do
not require an amendment of the definition of vehicles to accommodate the introduction of CADs. The
legislation which they introduced (Germany), or in the (UK) for regulating CADs are indeed focused on
issues different from the definition of a motor vehicle, like the need for apportioning liability in case of
accidents, as well as the choice to limit CADs circulation until a certain level of automation (Germany,
whose amendment of the road traffic act excludes SEA level 5 of automation and provides for specific
driving technical features necessary for human active driving), or the extension of compulsory insurance
mechanism necessary to allow driving (UK).

5 That would be the case of Italy, whose Art. 46 of the Italian Road Traffic Code defines motor vehicles
as all those man driven-machines which circulate on roads, therefore explicitly requiring the presence of
a human driver.
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advantage for those systems that adopt it early on, easing the position of manufactur-
ers and researchers operating within their own borders.

Conversely, how liability is attributed and apportioned among the different play-
ers involved, is a matter of seminal importance. Not only does it determine the
incentives to the very development and diffusion of CADs, but it also influences the
adoption of specific technological solutions, ultimately determining which approach
to automation will prevail. Liability rules are therefore not technologically neutral
(Bertolini 2020), thence different approaches from single MS would lead to the
emergence of different technological solutions, thus fragmenting the EU market.

In the subsequent paragraphs we will focus on how extant liability rules, con-
ceived for traditional vehicles, might delay the diffusion of CADs (see Sect. 5-13
below), and how the choice among possible alternative approaches contributes to
selecting the kind of innovation that will emerge and prevail (see Sect. 14 below).
We will therefore conclude that such a choice would be better made at EU rather
than MS level in order to avoid market fragmentation (see Sect. 20 below).

4 Apportioning liability in light of extant regulation

Civil liability determines the obligation to compensate damage brought to the victim
by the tortfeasor. To be established, some requirements need to be met that vary—
despite not greatly—across different legal systems.® For the sake of the current anal-
ysis we can abstract away from some details and focus on those elements that are
essential, and common to all systems, in particular the causal nexus and fault.

6 Undergoing a detailed comparative law analysis falls beyond the purpose of the current study. Refer-
ence will be made to different MSs’ and legal system for pure illustrative purposes, as well as to the
Principles of European Tort Law (henceforth, PETL) that provide an accurate synthesis of the principles
underlying most MSs’ legislation on tort law. As per the notion of liability for negligence, see PETL,
art. 4:101 that states “A person is liable on the basis of fault for intentional or negligent violation of the
required standard of conduct.” and for a comment, see Law (2006, 68). Differences entail, for instance,
the need to show the unjust nature of the damage suffered, a requirement under Italian law (see art. 2043,
of the Italian civil code, henceforth c.c. it., that states that whatever fact that, by negligence or willingly,
causes someone a wrongful harm, obliges who did it to compensate), see Schlesinger (1960, 366); Cas-
tronovo (2006, 141); Navarretta (2009, 238). The framework is different under French law—see Van
Dam (2013, 56)—, where art. 1240, French Code Civil (henceforth fr.c.c.) states that “every fact, due
to a man, that causes harm to someone, obliges the subject at fault to compensate), nor under German
law—see Von Caemmerer (1960, 471)—where Section 823 of Burgerliches Gesetzbuch, henceforth
BGB, provides instead a list. Dutch law, instead, at art. 6:162 of the Burgerlijk Wetboek (henceforth,
BW), provides both a general rule (that makes reference to “unlawful act”) and a list of specific hypoth-
eses—see Lindenbergh (2007, 2471), while English law is characterised by different torts, analytically
defined, rather than a general clause; for an overview, see (Harlow 2005). PETL, at art. 2:101, state that
damage requires material or immaterial harm to a legally protected interest. Art. 2:102, that follows, pro-
vides both criteria to assess how much an interest is protected and a list, divided into three tiers, of inter-
ests that are protected in decreasing order. At art. 7:101, PETL provide a list of justification hypotheses,
that can be used for defence, while at art. 7:102 PETL provide a list of defences against strict liability.
For a more detailed comparative analysis of the differences among MSs’ tort law systems, see Van Dam
(2013), Law (2006), Koziol (1998).
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The first is the link between the fact—or conduct of the agent—and damage, so
that the latter may be deemed the consequence of the former.” The second, instead,
entails a judgment whereby the conduct of the agent falls below a given standard,
demandable in light of all relevant circumstances.®

Most MS adopt a fault based system for the liability arising from the circulation
of vehicles,” whereby the driver is held accountable if he failed to respect the traffic
code—or any other relevant regulation—or behaved negligently or recklessly.

Some legal systems then establish the joint and several liability of the owner of
the vehicle on strict basis, with the aim of ensuring the victim obtains compensation,
should the driver not be solvent.'” Such an apportionment of liability can already
be framed as responding to a Risk-Management Approach (henceforth RMA)—as
defined by Bertolini (2016)—for liability is attributed to the party best positioned
to insure and with sufficient resources to repay damages, irrespective of any other
consideration.!!

At the same time, pursuant to the product liability directive'? (henceforth PLD),
where accidents can be traced back to a defect in the manufacturing or design'?

7 Chapter 3 of PETL regulates causation. Art. 3:101, pursuant to the conditio sine qua non principle,
states that an activity causes the victim’s damage if the damage would not have occurred without the
activity. Most MSs’ legal systems consider natural causation and juridical causation separately and, as
far as natural causation is concerned, tend to prefer adequate causation to the pure conditio sine qua non
theory. For an overview, Goldberg (2011), Spier (2000).

8 Fault is defined as “intentional or negligent violation of the required standard of conduct” (Art. 4:101
of PETL). In turn, the required standard of conduct is the one of the reasonable person and may vary
according to the value of the protected interest, the dangerousness, the expertise required, the foresee-
ability of the damage and the reliance, among other factors, pursuant to art 4:102 of PETL. For a law and
economics discussion, see Shavell (2007 143-145).

° Pursuant to Loi n. 85-677 of July 5th, 1985, “Tendant a 1’amélioration de la situation des victimes
d’accidents de la circulation et & I’accélération des procédures d’indemnisation”, also known as “Loi
Badinter”, the French system states that “the Act is applicable to victims of an accident where there was
a motor vehicle” and “drivers and car owners cannot successfully defend themselves by force majeure
or contributory negligence” (art. 2); this represents a form of strict liability, since victims are entitled to
compensation if the vehicle is simply involved in the accident, see Le Tourneau (2012, 8§102).

10 The Italian Civil Code states, at art. 2054, that the driver is liable to compensate, except if he can
prove that he has done everything he could to prevent it. The owner of the vehicle is liable too, apart
from the case when he can prove that the vehicle was moving against his consent: this rule is based on
the circumstance that, if the driver isn’t able to compensate, it is likely that the owner of the vehicle,
whose estate may be larger, will be, see Bona (2011, 378). The same rule is applicable, for instance,
under French law, where the aforementioned Loi Badinter mentions at the same time the conducteur and
the gardien, and, to a lesser extent, under Spanish law, where Ley 35/2015 (of the 22th of September)
states (art. 1, 3) that the owner is liable too if he also is a parent, tutor, teacher or director of the driver.

! The ex-ante incentive provided by a similar rule is also quite limited, for it might only induce pru-
dence in authorising the use of the vehicle from third parties, but that per se does not modify the conduct
during the truly dangerous activity, and could actually elicit moral hazard on the side of the driver, see
Cuocci (2013).

12 Council Directive 85/374/EEC of 25 July 1985 on the approximation of the laws, regulations and
administrative provisions of the Member States concerning liability for defective products, in O.J.L. 210,
7.8.1985, pp. 29-33. For the reception of the Directive on product liability in the single States, see Mach-
nikowski (2016).

13" A manufacturing defect is an irregularity due to an error in production, i.e. a product that fails to meet
the manufacturer’s own standard, while a design defect is a sub-optimal choice made in the conception
itself of the product, see Owen (2008, 446 and 495).
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of the vehicle or information'* provided to the user, the producer'> would be held
responsible. As of today, a malfunctioning in the throttle due to assembly prob-
lems,'® or a defect in the design of the fuel tank,'” have caused manufacturers to be
bound to compensate damage resulting from accidents.

Theoretically, the PLD should ease the position of the victim, since it provides
for a form of (semi-) objective liability,'® limiting the burden of proof to damage,
defect and causal nexus. However, there are grounds to doubt its effectiveness— con-
sidered the limited number of cases successfully brought against producers since the
implementation of the directive!®—, since evidence of the defective nature of the
device, and of the existence of a clear causality (Bertolini 2016; Engelhard and de
Bruin 2018; Expert Group on Liability and New Technologies—New Technologies
Formation 2019) is costly and complex to acquire. Increasing technological sophis-
tication, as well as the cooperation of multiple agents in the completion of a single
task—namely driving—will further exacerbate this issue.

Indeed, the overlapping of the two systems—that of liability for fault of the
driver, and producer’s liability—hardly ever occurred until today, since the hypoth-
esis falling under each one were clearly distinct. Increased human—machine coopera-
tion in the driving process, however, leads to a progressive convergence. Until full
automation is achieved—in a scenario of Type-2 automation—the liability of the

14 See Owen (2008, 1116), Viscusi (2007, 610). In case law, see also Sita v. Danek Medical, 43 F.
Supp. 2d 245 (E.D.N.Y. 1999) and Disnio v. Occidental Petroleum Chem. Co., 126 Ohio App. 3d. 292,
710 N.e. 2d 326 (1998).

5 Art. 3, § 1 of the PLD defines “producer” as “the manufacturer of a finished product, the producer
of any raw material or the manufacturer of a component part and any person who, by putting his name,
trade mark or other distinguishing feature on the product presents himself as its producer. Without preju-
dice to the liability of the producer, any person who imports into the Community a product for sale, hire,
leasing or any form of distribution in the course of his business shall be deemed to be a producer within
the meaning of this Directive and shall be responsible as a producer.”.

16 The Toyota unintended acceleration case law includes, for instance, Block v. Toyota Motor Corp., 5 F.
Supp. 3d 1047, 2014 U.S. Dist. Lexis 34750 (D. Minn., Mar. 18, 2014); Adams v. Toyota Motor Corp.,
859 F.3d 499, 2017 U.S. App. LEXIS 10272 (8th Cir. Minn., June 9, 2017) and Adams v. Toyota Motor
Corp., 2017 U.S. App. LEXIS 14878 (8th Cir. Minn., Aug. 11, 2017).

17 The Ford Pinto case law (the fuel tank in this car was designed to be placed in a dangerous position,
which made it likely for the car to catch fire after an accident) is represented by Grimshaw v. Ford Motor
Company (119 Cal. App. 3d 757, 174 Cal. Rptr. 348).

18 Leaving the damage on the user in case a defect was unidentifiable given the technological and scien-
tific state of the art at the moment the product was placed on the market might not be the most efficient
solution. Indeed, despite being impossible to blame the manufacturer, the economic consequences might
be better borne by those that benefitted from its distribution onto the market rather than by the innocent
victim, see, Castronovo (2006, 753).

19 See Ernst and Young et al. (2018, 22 and 56). On the inefficiency of product liability rules in ensuring
high levels of ex ante safety investment, see Polinsky and Shavell (2009-2010) and an interesting case
study is provided by the introduction of the General Aviation Revitalization Act in 1992 in the US, on
which Helland and Tabarrok (2012).
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human user”” cannot be excluded, and the need to apportion it between the different

parties involved?! is not eliminated. Then, even with existing rules, the exclusion of
any human intervention—even in a merely supervisory role—would clearly leave all
liability with the corporation—being the manufacturer or service provider —, ulti-
mately transitioning the system from the current human and fault-centred perspec-
tive to a corporate and strict liability solution.?

The latter represents thence the other end of a long and shaded spectrum, that
unfolds starting with traditional driving, and sees the progressive increase of techno-
logical involvement in the completion of the task.

5 Analysing the transition towards increasing automation in driving

This very articulated transition cannot however be neither overlooked nor avoided,
and uncertainty rests with respect to the distribution of liability among all possible
players involved (Walker Smith 2017). Those encompass the user and the owner—
who might be a different either physical or legal person—the manufacturer, as well
as all other service providers involved. As per the former, namely user and owner,
the analysis will treat them as coinciding, for reasons of simplicity. The user—who
could be a driver in cases of no or low automation—could therefore be responsible
on the grounds of fault, due to his conduct when driving or deciding to activate the
autonomous function, and could also be held responsible on objective grounds, as
described above (such as it is put forth by art. 2054 c.c. it., see Sect. 4 above). As
per the latter, they might include the internet service provider, ensuring the neces-
sary connection that allows the operation of the vehicle, or the data-set provider,
should that be a different subject from the previous two. How liability is apportioned
among these latter parties is a relevant matter, however it falls beyond the purposes
of the current analysis, aimed at determining the incentives for owners and users of
CADs, and will not therefore be discussed in detail.

Uncertainty on the apportionment of liability among such parties would provide
negative incentives to the adoption of CADs with increasing levels of automation,
delaying their diffusion, and further extending the time technology needs to pen-
etrate the market, ultimately leading to a vicious cycle that could radically prevent
the substitution of traditional vehicles.?*

To better understand the inefficiency of the current system, causing the overlap
of two different liability regimes—driver’/owner’s on the one hand and producer’s

20 We refer to users as opposed to drivers because the role of the human being might vary greatly
according to the different level and kind of automation involved and the term adopted is thence prefer-
able to encompass them all.

2l We shall radically exclude the possibility of holding the machine itself liable, for there are no onto-
logical grounds to hold the vehicle responsible, regardless of its autonomy and even should the ability of
adapting over time to circumstances. Please allow reference to Bertolini (2013).

22 With different kind of solutions being proposed, among which see Geistfeld (2017), Engelhard and de
Bruin (2018), Shavell (2019).

2 See also Engelhard and de Bruin (2018, 161 ff).
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liability on the other hand —, we shall break up the analysis into two different parts.
Firstly, we shall consider the interactions between two vehicles, possessing differ-
ent predetermined levels of automation (Sects. 610 below) so as to determine how
liability is distributed among them in case of an accident. Secondly, we will discuss
the interaction between user and producer, when the choice between the two driving
modes is enabled in a vehicle that is not yet fully autonomous and still requires or
allows the human-being to resume control (Sects. 11-12 below).

6 Interactions of vehicles displaying different levels of automation

It is indeed unlikely to expect that national legislators would altogether ban the use
of traditional—less automated—rvehicles, rather technological development will
occur over time and only in the long-run completely replace N-type vehicles. The
two kinds of vehicles will thence coexist in the transition phase to fully autonomous
transport systems.

The first part of the analysis needs therefore addresses the interaction of both
autonomous (A-type) and non-autonomous (traditional, or N-type) vehicles on pub-
lic roads, that is—more precisely—vehicles with different degrees of automation.
We here simplify all distinctions with respect to approaches and level of automation,
and consider A-type vehicles as fully autonomous and requiring no intervention
from the human user (Type-2 automation, see Sect. 2 above). We will add the pos-
sibility of choice among different driving modes in the second part of the analysis
(infra Sect. 10).

We could theoretically assume that A-type vehicles could be segregated by
developing ad hoc infrastructures only open to their circulation. The easiest form to
achieve this result would be through a dedicated lane. However, a dedicated infra-
structure would represent a high initial cost, both in terms of mere investment and
impact on existing traffic and city structures that public authorities will be unwilling
to support, at least not until such technologies already widely reached the market.?*
In the meantime, however, increasingly frequent interactions will occur, and traffic
accidents of the kind here described will subsequently follow.

If we assume the coexistence of A- and N-type vehicles on shared lanes, we can
assume that traffic accidents will involve both, in proportion to the number of vehi-
cles of each kind present on the road and their risk profile. To simplify the analysis,

2 See Ivanchev et al. (2017). In the 2017 Report on the Readiness of the road network for connected
and autonomous vehicles (https://www.racfoundation.org/assets/rac_foundation/content/downloadables/
CAS_Readiness_of_the_road_network_April_2017.pdf, last accessed on the 23rd of January 2018), it
was highlighted that the biggest challenges for the diffusion of CADs could derive from (i) the current
state of infrastructure (layout, road surface and signalling should be improved and maintained), (ii) the
difficult interaction between automated and not automated cars. On the latter issue, the report identified
a series of possible policy considerations that should be addressed to allow the introduction of CADs: (i)
separate CADs and non CADs traffic; (ii) minimum degree of automation requirements; (iii) minimum/
maximum degree of personal choice as to whether or not use a certain automation feature; (iv) setting a
degree of standardisation and harmonisation across countries.
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we will consider the case of a crash of two vehicles, and not—more complicated—
scenarios involving pedestrians, cyclists, and multiple vehicles.

In particular, accidents could involve two N-type vehicles, two A-type vehicles,
or one A- and one N-type vehicles that—from a legal perspective—can be sketched
as follows:

Coexistence of A- and N- A-type N-type

vehicles

A-type Producer/Owner (S;) Producer/Owner-User (S;)
N-type Producer/Owner-User (S;) User-Owner (S)

Where S, stands for the current scenario (scenario zero), with no A-type vehicles
on the roads,” described in Sect. 7 below. S¢ (final scenario) is the one where the
entirety of vehicles circulating is comprised of A-types, and it is discussed in Sect. 8
below. S; (intermediate scenario) is the long and complex transition phase where
both kinds of vehicles coexist, and is discussed in Sects. 9-11 below.

While both S, and S; are more easily described, since either the human
user is entirely in control or he has no control at all—thence excluding complex
human-machine interactions and subsequent overlapping of liability rules—S; is
certainly more complex, as well as relevant.

Indeed, whether we ever reach S;, at what speed, and with which social costs
(Rohr et al. 2018), is very much dependent upon how the interaction of A- and
N-type vehicles unfolds in the intermediate phase, in particular how fast the less
technological cars are replaced by more advanced ones. The subsequent analysis is
therefore primarily focused on describing how liability rules influence the rational
decision to purchase an A-type vehicle over an N-type during such a transition phase
(see Sect. 12) in light of how easy it is for the owner to transfer the cost of an acci-
dent upon the producer, and other relevant service providers, whenever they ought to
be deemed responsible pursuant to applicable norms (see Sect. 11 below).

More specifically, the intuition we intend to validate is that the existing legal
framework could pose a cost upon the choice to purchase a more autonomous vehi-
cle, providing a negative incentive towards the adoption of more advanced technolo-
gies, primarily due to the difficulty for the owner to observe—and therefore dem-
onstrate in a court—the responsibility of the producer and other service providers,
ultimately being forced to internalize all such costs that, instead, should be borne by
others (see Sects. 12—13 below).

Moreover, since the performance of A-type vehicles will increase—and sub-
sequently their responsibility in case of accident will decrease—the higher their
number in proportion to the overall population of vehicles circulating (see Sect. 9
below), any negative incentive towards their early adoption by worsening the overall
performance of each A-type vehicle, will also further discourage the replacement of
N-type ones, leading to higher social and economic costs (Evas 2018).

25 Or their presence is negligible, and they display low levels of automation (below SAE 3).
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7 N-type vehicles crash

This first scenario (S;) is the current, where two traditional vehicles—despite possi-
bly equipped with advanced technologies easing the driving task—are involved into
an accident and, in both cases, a human driver is in control.

National legislators address this issue with comparable solutions, despite some
degrees of variation can still be observed, in particular in countries adopting no-fault
(or automatic compensation) plans.?® In a traditional tort law system, liability may
be attributed (a) to the driver who caused the accident, or (b) to the owner.

Indeed, parties will try to show the accident was due to either a violation of the
street code, or the negligent conduct of the other party, who failed to respect due
care and prudence, or wrongly performed a manoeuvre (Phillips and Chippendale
2002). Should responsibility not be clearly observable—due to informational asym-
metries—it might be split between both parties involved.?’

Moreover, some legal systems hold the owner of the vehicle directly liable for
all damages deriving from its use, irrespective of whether he was actually in control
when the accident occurred. Such a solution rests on both the assumption that vehi-
cle proprietorship entails availability of sufficient economic resources to compensate
the victim in case of an accident, and on the ease of insure. Indeed, the owner, as
opposed to the driver, may always be identified with certainty. Ultimately, holding
the former jointly and severally liable with the latter ensures the economic loss is not
borne by the victim, pursuant to a pure compensatory rationale, thus renouncing all
attempts of reprimand of the negligent party that fault-based rules, instead, pursue.

We might also represent liability as the relation between the performance of the
two parties (1 and 2) in the driving task, whereby the party is liable (Rd1 = 1) when
her performance is comparatively worse than that of the counterpart, thence:

Rdl=1’Rd2=0=>Pdl<Pd2

The driving performance of each party involved, using a N-type vehicle can be
defined as follows:

P,=fd,pr,c)y=a-D
where
— P, is the performance of the human driving, described as a—increasing mono-
tonic—function of his driving conduct, namely the ability in driving d, prudence

in the interactions with other vehicles pr, respect for the street code and any other
relevant regulation c;

26 Examples of no-fault plans for traffic accidents are provided by the French system in the aforemen-
tioned Loi Badinter, see fn. 9, as well as Canada, New Zealand and some U.S. states, on which see
Anderson et al. (2010).

27 Pursuant to this principle, Art. 2054, 2° co., c.c. it., states that, unless proved differently, fault is pre-
sumed equally divided among drivers involved in an accident.
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— «a represents the overall performance of a single driver, with respect to a perfect
driving conduct of D. If he had perfect abilities, were maximally prudent and
always and under any circumstances respected the street code and all pertinent
regulation, it would equal one, thence 0<a < 1.

In S, the responsibility of the two vehicles can be defined as follows:
Vehicle 1:

Rd1=1,Rd2=0=>Pdl<Pd2=>a1<0.’2

When R,;; = 1vehicle 1 is responsible and needs to compensate damages.
Vehicle 2:

Rdl=0’Rd2=1$Pd2<Pdl=>a2<al

When R, = 1vehicle 2 is responsible and needs to compensate damages.

In the current scenario third party liability insurance, such as that required by the
Motor Insurance Directive (henceforth MID),? can easily ensure victim compensa-
tion, for the liability rules are clearly laid out, and the parties who might be called
in to compensate are easily identified, and statistical data is plentiful, allowing a
precise assessment of potential damages, and their frequency.

8 A-type vehicles crash

The second scenario (S;) corresponds to case of complete substitution of N-vehicles,
when only A-type vehicles will interact. If two A-type vehicles crash, there are no
grounds to hold a human-in-control liable, for there is no human performing the
driving task.

Pursuant to current rules, a rapid shift towards product liability claims ought to
be observed. Indeed, most legal systems around the world differentiate the position
of the producer from other tortfeasors (Koziol et al. 2017), by holding him respon-
sible for all damages caused by the use of his devices, most often on — semi — strict
grounds.

Such rules are intended to induce desirable investments in safety on the side of
the producer, while easing victim’s compensation, forcing internalization of — most
— externalities caused by the marketing of the given product (Owen 2008).

Normally a strict-liability standard applies to manufacturing defects (see fn. 13
above), entailing the deviation of the single specimen from the intended design, due

28 Directive 2009/103/EC of the European Parliament and of the Council of 16 September 2009 relating
to insurance of civil liability in respect of the use of motor vehicles, and the enforcement of the obliga-
tion to insure against such liability (OJ L 263, 7 October 2009, 11-31).
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to mass production techniques.”’ A semi-strict liability standard instead normally
applies for design defects (see fn. 13 above), for cases in which it can be shown that
the product ought to have been conceived otherwise—with additional safeties or by
adopting alternative and possibly more expensive technical solutions—.*° Indeed,
the development risk defence (such as that put forth by art. 7 PLD, let. e) allows for
an ex-post assessment of the manufacturer’s diligence in meeting the existing techni-
cal standards, in a way that very much resembles a judgment of fault, despite with a
reversal of the burden of proof.’! Production defects cause no particular problem for
the analysis here conducted, for it is sufficient to show the material deviation of the
single specimen from the prototype.

To the contrary, design defects require a complex assessment, whereby the claim-
ant shows that the use of the product led to the accident—thence that there is a
causal nexus between the product and the accident—, that the use of the product,
under those circumstances, was normal and correct—or, if incorrect, foreseeable (on
foreseeable misuse see (Allee et al. 2017) 4-26)—, that the product ought to have
been designed otherwise, in a better, thence safer waty.32 Were all the above dem-
onstrated through a solid factual analysis and technical expert opinion, the product
would be deemed defective and the defendant obliged to compensate damage.

However, the latter could free himself from liability by showing that the specific
design was determined by regulation he was required to conform to,* or that the
existing state of the art of technological and scientific knowledge did not allow to
identify the risk and eventually develop a safer design (development risk defence).**
Finally, in such a scenario, accidents could be due to a malfunctioning in the infra-
structure. How such liability will be defined is neither obvious, nor easy to antici-
pate. The infrastructure manager could be either a public or private entity, and spe-
cific liability rules could be adopted, with corresponding exemptions, such as in the
case of the manufacturer’s liability pursuant to the PLD. Otherwise, a contractual
relationship could be governing the interaction with the user or owner of the vehicle,
or even with the manufacturer. Eventually, absent all of the above, a simple rule of
negligence could still apply.

% For the US, see Geistfeld (2017, 1633 ff).

30 For the US, see Geistfeld (2017, 1635 ff).

31 Indeed, the producer is required to demonstrate that her design matched the state of the art available at
the moment the product was conceived and distributed, despite resulting “defective” when the accident
occurred, since its defective nature could only be ascertained in light of knowledge acquired at a later
date, and that was not available when the product was put into circulation. For a comparative analysis
at EU level on how MSs apply this defence, at times qualifying as a form of presumed fault, see Mach-
nikowski (2016).

32 The Learned Hand formula states that a subject is at fault if the harm caused, multiplied by its likeli-
hood, is higher than the cost to prevent it. See United States et al. v. Carroll Towing Co., Inc., et al., 159
F.2d 169. On the other hand, under a consumer expectations test, a product would be considered defec-
tive if a reasonable consumer would find it defective, see Owen (2008, 300).

3 Pursuant to Art. 7 (d) that allows the producer to prove that “defect is due to compliance of the prod-
uct with mandatory regulations issued by the public authorities”.

3 Pursuant to Art. 7 (e) that lets the producer demonstrate “that the state of scientific and technical
knowledge at the time when he put the product into circulation was not such as to enable the existence of
the defect to be discovered”.
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By applying the concepts above briefly sketched to the case at hand, we could
conceive the assessment of liability in S; to be divided into two different steps,
namely the identification of the vehicle responsible for the accident, and the assess-
ment of the defective nature of design.

If we assume that A-type vehicles will be equipped with positioning systems
as well as recording devices, it will probably be easier to establish—in a clear and
objective fashion—the dynamic of the accident. Most legal systems—those with a
comparative negligence rule*>—would then allow the apportionment of liability for
the accident—and the corresponding duty to compensate damages—between the
two vehicles.

We might also represent liability as the relation between the performance of the
two parties (1 and 2) in the driving task, whereby the party is liable (R,; = 1) when
her performance is comparatively worse than that of the counterpart, thence:

Ra1=1’Ra2=0=>Pal<Pa2

The driving performance of each party involved, using an A-type vehicle can be
defined as follows:

Pazf(d’pr7c)=ﬁ'D

where

P, is the performance of the automated driving system, described as a—increas-
ing monotonic—function of his driving conduct, namely the ability in driving d,
prudence in the interactions with other vehicles pr, respect for the street code and
any other relevant regulation c.

— P represents the overall performance of a single driver with respect to a perfect
driving conduct of D. If he had perfect abilities, were maximally prudent and
always and under any circumstances respected the street code and all pertinent
regulation, it would equal one, thence 0<f<1.

In S; the responsibility of the two vehicles can be defined as follows:
Vehicle 1:

R,=1LR,=0=>P, <P,=>p<ph

When R,; = 1 vehicle 1 is responsible and needs to compensate damages.
Vehicle 2:

R,=0,R,=1>P, <P, = p<p

When R, = 1 vehicle 2 is responsible and needs to compensate damages.

35 Comparative negligence is a partial defense that can simply reduce the amount of damages, if a cer-
tain degree of negligence on the side of the plaintiff is proved. See Schwartz (2017). For a detailed analy-
sis of how such a rule is applied across Europe, see Boom and Martin-Casals (2004); see also Shavell
(2007, 144-145).
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Then, absent a human driver, the user or owner could be called in to compensate
on objective grounds—thence not based on the ascertainment of fault, as it is cur-
rently with liability for accidents in most legal systems —, if rules such as those set
forth by art. 2054 c.c. it. (see Sect. 4, and fn. 10) were into play.

The owner, in those systems that allow for such form of liability, would be
responsible for the mere fact that he owned the vehicle that did not circulate against
his will. While in the current system his joint and several liability adds to the liabil-
ity of the driver, in a S; where no legal reform took place, it would add onto that of
the producer.

Indeed, even if no human is involved in the driving task, not all liability would be
borne by the producer, for on the one hand defectiveness still needs to be shown,*®
as well as the existence of a causal nexus, and such an evidentiary burden might be
particularly hard to meet, in particular given informational asymmetries, and differ-
ences in economic power. Defectiveness of design would require the complex ascer-
tainment that an alternative design was feasible and demandable of the producer in
the given circumstances. That could also entail assessing that despite respecting the
traffic code, the vehicle ought to have been conceived in a way that it allowed a
prompt reaction to a possible error or malfunctioning of the other vehicle.

Reaching the evidentiary basis sufficient to show defectiveness of design would
still be complicated, require litigation and relevant costs on the side of the owner of
the vehicle. In particular, if the value of damages was minimal and below the cost
necessary to acquire—primarily technical—evidence and pursue an action in court,
there would be no incentives in forcing the internalization of defective design on the
producer.’’

Moreover, defences might exclude the responsibility of the corporation, even
when a defect was materially present, if that could be deemed due to the technologi-
cal state of the art, and thence not imputable to the manufacturer.®

As a result, everything else equal—and absent legal reform—either litigation
increases for each traffic accident—adding one product liability claim for each
A-type vehicle involved in the crash—or manufacturers will be able to externalize
some costs associated with their products, exploiting the inefficiencies of the current
system.

Theoretically, case law could evolve to imply that if no human-being is in control
any accident occurring is per se the consequence of a defect of the vehicle, and thence
the producer ought to be held responsible, unless he could prove otherwise. Such a
reading of the PLD, could ease the position of the victim with a kind of res ipsa loqui-
tur argument—reversing the burden of proof—but could not exclude the operation of
defences, ultimately allowing the producer to escape liability, so that liability would
only be borne by the owner on such strict grounds as those described. In all cases we
would witness a radical increase in litigation requiring the application of the PLD.

3 See also Geistfeld (2017, 1620 ff.)
37 See Shavell (2007, 152-153).
3% See also Engelhard and de Bruin (2018, 67 ff.)
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Similarly, the responsibility of the infrastructure manager or service provider, could
be established only so long as it was easily observable, so that those accidents that are
primarily due to a failure in those systems could be identified and distinguished. It is,
however, not obvious that such will be the case, and it is safe to assume that distin-
guishing said hypothesis—where the accident is indeed due to a failure in the smart
road—will come at a cost for the owner of the vehicle. Moreover, exemptions could
be provided—similar in rationale and application to the development risk defence put
forth by the PLD—whereby not all failures in the infrastructure ought to lead to the
responsibility of its manager.

All that considered, we could define the responsibility arising from the performance
of the vehicle as follows:

R,=Rp+ Ry +R,

where

— Rpis the responsibility of the producer for having designed the A-type vehicle in the
given way, allowing its performance as defined above;

— R, is the responsibility of the infrastructure manager, for accidents due to a failure in
the system;

— whereas Ry, is the responsibility that rests in all cases on the user or owner, despite
the vehicle running in autonomous mode, for the defect falls under one of the
exemptions set forth by art. 7 PLD, and—if existent—under similar exemptions to
the responsibility of the infrastructure manager.

The reason for defences under the PLD, and in particular the development risk
defence, is that the producer might not be held responsible for defects that could not be
identified given technical and scientific constraints, thus the loss is left with the user.
On theoretical grounds, the rationale is that no additional incentive could be provided
to the manufacturer in order to influence his ex anfe investment in product quality, and
he cannot be blamed for failing to meet a standard that is higher than what is techno-
logically feasible. At the same time, however, in a purely compensatory perspective,
it is also disputable such a loss should be left to the victim—or in this case with the
user—who, according to a similar perspective, may not have neither influenced nor pre-
vented the accident.

Nonetheless, given extant regulation, were the legal system perfectly efficient,
absent litigation costs and informational asymmetries the user or owner of each vehicle
should only be burdened with R;;.

eRy=E-(Rp+R,) +Ry

where eR;; is the expected responsibility of the user in this scenario, depending on
the overall efficiency of the legal system E, 1 >E>0. In a perfectly efficient legal
system, with no transaction costs, and informational asymmetries E = 0.

Moreover
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Rp=f(P,l)=D-p-1

Ri=fr.h=0=p)-1

where y represents the technological advancement of all related infrastructures, and
when highest equals 1, 1>y >0, and [ is coefficient that determines, respectively,
what percentage of the performance of the vehicle is imputed to the producer, for it
does not fall under any defence or exemption of the directive, and, similarly, what
percentage of malfunctioning of the infrastructure is borne by its manager, thence
1>1>0.

While

Ry=f(P,l)=D-p-(1-10

In such a scenario, absent legal reform, a greater degree of uncertainty resides
with respect to which party would bear what costs, primarily due to the application
of the PLD, and its defences (see Sect. 13 below). Indeed, absent legal reform, the
need for apportionment between manufacturer, service provider, and owner would
persist, and most likely all three would have to acquire third party insurance, with
potential overlapping, possibly leading to an overdeterrence effect.*’

9 N-type and A-type vehicle crash: the performance function

The intermediate scenario (S;) is going to persist until most, if not all, N-type vehi-
cles are replaced. Such a scenario differs from the previous for the interaction is
between two different types of vehicles, that also influences the performance of the
autonomous one. We assume that there is no uncertainty about driver’s type, which
is known and observable.*

Indeed, the driving performance of an A-type vehicle, unlike that of a N-type,
depends upon its interaction with both the infrastructure and other autonomous vehi-
cles. A-type vehicles are CAD solutions, thence connected, and require inputs—and
data—from multiple service providers. Failures or malfunctioning in all such addi-
tional yet essential services affect the overall performance negatively. This compo-
nent will persist—and possibly increase its relevance—in S;. However, since then
all vehicles will be A-type, it is reasonable to expect it will affect their behaviour
identically, changing both performance functions and, for the purposes of the cur-
rent analysis, may be disregarded.

3 See also Engelhard and de Bruin (2018, 100), Geistfeld (2017, 1651 ft.)

40" A-type vehicles communicate their type to each other thanks to vehicle-to-vehicle and/or vehicle-to-
infrastructure solutions. N-type drivers can recognize A-type vehicles because their type is fixed and
predefined. Therefore, there will be made distinguishable from N-type vehicles and N-type drivers will
rapidly learn to recognize them.
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At the same time, given their connected nature, their ability to dialogue with
one another if of the same kind (A-type) positively affects performance, increasing
overall security. To the contrary, the presence of N-type vehicles negatively affects
the performance of the autonomous one,*' due to the complexity of the interactions
between human drivers and autonomous systems. The interpretation of the negli-
gent or erratic behaviour of the human driver, another human would have instead
understood, eventually avoiding the crash, or the uncertainty in interpreting unclear
signals that forces the A-type vehicle to slow down in order to avoid collision are
plausible examples. Said otherwise, a given A-type vehicle performs better when
interacting with another A-type vehicle than with an N-type, all other equal.

Such risks, as all other deriving from the interaction of A- and N-type vehicles
may only be excluded once the latter are fully replaced, for they don’t depend exclu-
sively on the status of technological advancement of the former but on the propor-
tion between the two. Indeed, the higher the proportion of A- over N-type vehicles,
the lower is the number and frequency of crossings between the two kinds, and
so are the risks—and the possibility of being held liable—for the technologically
advanced. For the same reason, however, early adopters are strongly penalized.

We may thence modify the performance function of the A-type vehicle
accordingly:

P,=fd,pr,c,y,n)=y-n-p-D

where y represents the technological advancement of all related infrastructures, and
when highest equals 1, 1 >y >0; n is a decreasing monotonic function of the propor-

tion between A-type and all vehicles circulating, thence n = f < 5} ), 1>n>0.

In S; the responsibility of the two vehicles can be defined as follows:
Vehicle 1:

1
Ry=LRp=0=>P,,<Pp=>p<—- o
ny

When R,; =1 vehicle 1, the A-type, is responsible and needs to compensate
damages.
Vehicle 2:

Ral:0’Rd2:1:>Pd2<Pal:L.a2<ﬁl
ny

When R, =1 vehicle 2, the N-type, is responsible and needs to compensate
damages.

If we assume that a, = @, that is to say that we consider the performance of the
average human driver, then

41 CADs are better at interacting with another CAD rather than with a traditional vehicle. Intuition of the
behaviour of the human driver is harder to achieve. In a comparative negligence setting, liability could be
thus apportioned between the two vehicles.

@ Springer



European Journal of Law and Economics

p < L. a
ny
The inequation above may thus be interpreted to conclude that the A-type vehicle
will be held liable unless its level of technological sophistication f is substantially
greater than the level of the driving skills possessed by the average driver,** since
both n and y (or at least one of them) will fall below 1.

10 Cont.: the performance function of a partially autonomous
vehicle

So far we have assumed that the A-type vehicle is Type-2 automation based, thence
radically excluding any intervention or supervision of the human user. However,
such an assumption is only realistic for levels of technological advancement not yet
reached—Ilevel 5 vehicles* —, and that could be achieve at a later stage closer to Sg,
rather than in the transitional phase here considered.

Instead, once a minimum number of vehicles with SAE level 2.5 or 3 start circu-
lating on public roads, and their use in autonomous mode is lawful under existing
regulation, we might assume S; begins. Moreover, considering how substitution will
occur over a long period of time, when class 5 vehicles are available a large number
of class 3 and 4—requiring the intervention or supervision of the driver—will still
be circulating.

Therefore, the simplification made needs to be relaxed, considering that, in S;,
human-machine cooperation, despite decreasingly so, will still be required. We shall
then adjust the model to consider Type-1 automation, in this case intended as an
intermediate stage of technological advancement, and not—only—as a potential
end-model for CADs.

If human-machine cooperation is required, we might expect vehicles to be
equipped with a driverless function that can be switched on and off, as well as with a

42 Also, A-type vehicles must me more prudent than average N-type vehicles, thus increasing average
time-to-destination for CADs. This game can be modelled as inter-population hawk-dove game, on which
Auger et al. (1998). In a hawk-dove game the parties need to simultaneously choose their behaviour
aimed at achieving a desired end. A hawk’s behaviour is aggressive, and if chosen by both leads to a
war, with a reduced overall payout for the winner. If both behave like a dove, they will split the payout
equally. When one behaves like a dove and the other like a hawk the latter will earn the entire payout. In
the case of coexistence of N- and A-type vehicles, the latter will most likely be programmed in the most
conservative way, to minimize the risk of accidents, and safely manage erratic behaviours of the human
driver (e.g.: at an intersection). Moreover, social perception is typically very sensitive towards machine-
caused accidents, and the narrative profoundly affects prospective sales and the diffusion of technology.
It is therefore safe to assume that A-type vehicles will play like a dove. As a consequence, N-type vehi-
cles will learn to rely on such an assumption and play the hawk (e.g.: breaking the street code when
crossing an A-type). This could provide advantages in terms of reduced time-to-destination of the less
technological option, further providing an advantage in choosing it over the more sophisticated alterna-
tive.

4 As stated in fn. 2, according to SAE, level 5 is the most advanced tier of autonomy and it is also
known as “steering wheel optional”.
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signalling system that warns the user when the vehicle perceives current—weather,
traffic, street—conditions require the intervention of the human, supervising or
even resuming control. With lower levels of technological advancement, we might
assume the choice to be entirely left to the driver, at a later stage it might be actively
made by the vehicle.

By modifying the scenario, we shall consider that the performance of the par-
tially autonomous vehicle, P,_ will sum both the liability deriving from the perfor-
mance of the driving task by the vehicle itself, and by the driver when the driverless
function is deactivated, and may thus be described as follows:

P,_=fdpr.c,y,na,t)=[t-a+ (1 —1)-ynp]-D

where 1-7 and ¢ represent the portion of overall time the vehicle is running in driver-
less mode or not, respectively.
Subsequently, the responsibility of the two vehicles can be defined as follows:
Vehicle 1:

_
(I—-1-ny

When R,; =1 vehicle 1, the A-type, is responsible and needs to compensate
damages.

The inequality can be interpreted to say that the level of technological advance-
ment of the vehicle required for performance to exceed that of a N-type vehicle also
depends upon the different driving skills of the two users, and therefore also on the
proportion between the time the vehicle is operated autonomously with respect to
the overall driving time.

Such a differentiation becomes of relevance only if one intends to analyse the
opportunity for one specific driver to purchase an A- over and N-type vehicle, in
light of his specific skills. That, however, is not the purpose of the current analysis
that instead may safely assume that**

Ru—1=17Rd2=0=>Pa—l<Pd2=>ﬂl< '(0(2—2"051)

Thence,

4 The very definition of average driver allows us to assume that the performance of the user considering
to purchase the driverless vehicle equals that of the average driver. Those who perform over the aver-
age might instead decide to delay adoption of A-type vehicles further, as opposed to those that perform
below, who might decide to act early and replace their N-type with a—for them safer—autonomous solu-
tion. By definition the two will cancel each other out.
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11 Cont.: apportioning liability between user and producer

The difference between a partially and fully autonomous vehicle may however be
observed with respect to liability apportionment between the user and other parties.
Indeed, the overall responsibility of the A-type vehicle is the result of the sum of the
responsibility of the user, of the producer, and of the infrastructure, thence

R,_=Ry+Rp+R,

The single responsibilities are defined as follows:
Ry=t-a+Q—-0)-nyp-(1-1)
and
Rp=(1-1t)-np-1
and
Ri=(1=1)-np-1-(y-1)

where [ is coefficient that determines what percentage of the performance of the
vehicle is imputed to either the producer or to the infrastructure respectively, thence
1>1>0.

While (1 —1) is the coefficient that determines what percentage of the perfor-
mance of the vehicle is imputed to the user (i) because some of the PLD defences
are applicable to the advantage of the manufacturer, (ii) because he decided to acti-
vate the driverless function even if it was not recommended under those circum-
stances, (iii) because he failed to resume control when prompted to do so by the
vehicle driving in autonomous mode.

Indeed, so long as the choice of when to activate the driverless function is left with
the driver, the consequences will also be borne by him, including the cost of such a
choice (see also Sect. 14 below) and of failing to resume control. The former, entails
the possibility that the user is deemed responsible for an accident that is indeed traced
back to the malfunctioning of a sensor or other element of the vehicle, due to the fact
that he decided to activate the driverless function under environmental—weather,
traffic and any other relevant element taken into account—conditions that are ex post
ascertained as having been suboptimal. Similarly, he might be held responsible for fail-
ing to resume control when in autonomous mode, after being warned by the vehicle his
intervention was required.*> Uncertainty rests with the qualification of such facts, and
they could trigger per se substantial litigation.

45 The vehicle could instead be deemed defective for failing to timely warn the user of the need
to resume control under critical conditions, and should take into account the propensity of human beings
in getting distracted, as well as the average reaction time required to understand what is happening and
acquiring control of the vehicle, by applying a consumer-expectation test, leading the trier to conclude
that it was unreasonable to require a human being, not directly involved in the driving task — eventually
even intended to supervise the vehicle —, to maintain a sufficient level of attention to abruptly intervene,
and timely avoid collision. Studies show how human users have a propensity to distract themselves when
driving, see Gil-Jardiné et al. (2017).
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Then, since:

R_=Ry+Rp+R, =1

a—

1>Ry,.Rp.R, > 0

Therefore, given extant regulation, were the legal system perfectly efficient, absent
litigation costs and informational asymmetries, the user or owner of the A-type vehicle
should only be burdened with R, < R,,_.

eRy =E-(Rp+R)+Ry

12 The decision to purchase an A-type vehiclein S;

Therefore, in the user’s perspective the choice to purchase an A-type vehicle as
described can be justified in two cases, solely based on technological advancement, or
on legal reform (on which see Sects. 13—14 below).

In a pure technological perspective, if we assumed that the legal system was com-
pletely inefficient, and thence E = 1, the user would bear all responsibility deriving
from the circulation of the vehicle even when in autonomous mode, including risks
associated with the infrastructure (R,)

eRy=E-(Rp+R)+R;=R,_

In such a case, given that the user or owner would expect to be held liable of all
damage deriving from the circulation of the semi-autonomous vehicle, the choice to
purchase an A-type over an N-type vehicle would be justified when

ﬁ < L -a
ny
as indicated above (Sect. 10), since only then the performance of the vehicle would
exceed that of the average driver, and therefore reduce his expected liability eR;.

If instead we assume the opposite scenario, where the system is perfectly efficient,
or E =0, allowing for the perfect attribution of liability to the producer in all cases
where the vehicle is indeed defective, as well as to other service providers when the
accident can be traced back to the infrastructure, then the liability the user of the A-type
vehicle would be described as follows:

R_=t-a+{0-=0t-nyp-(1-10

In such a case, if

=
Il
=)}
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and thence technological development was such as to ensure that when in autono-
mous mode the vehicle performed as well as the average human driver,*® the choice
between an N-type and A-type vehicle would be indifferent—on pure technological
grounds—, and preferable in a risk-minimizing perspective.

Indeed, if the performance of the driving task was considered, that of the human
driver and of the vehicle would be the identical. Therefore, even the legal cost of
choosing between the one or the other, in a perfectly efficient legal system, would
be nil. However, since the costs associated with the completion of the driving task
when the autonomous mode is activated would be borne by the manufacturer, as
well as by the infrastructure manager or service providers involved, the overall costs
for the user would diminish, proportionally with the amount of time he chooses to
relinquish control to the vehicle.

In such a system, as soon as technological development reached that condition,
the diffusion of A-type vehicles would drastically increase, as well as the proportion
of time (1-t) the function is activated, further easing interactions between CADs and
thence ever more incentivizing the transition towards higher levels of automation in
driving.

The latter hypothesis is however unrealistic in light of the relevant evidentiary bur-
den—that could be reversed and placed on the producer through legal reform (see
Sect. 13 below)—and of the costs associated with product liability litigation that
would be required to apportion liability between the user and producer even in such
an optimal condition, and that might not be justified with respect to all accidents, in
particular those of lesser economic relevance.*’ Even the difficulty in observing when
the driverless function is activated, instead of the manual mode, would affect the very
possibility for the owner to sue in recourse the producer. The inefficiency of the legal
system also interests insurance companies, for ex ante uncertainty about how liabil-
ity will be apportioned between the user and the producer does not allow the clear
identification of which party is required to insure, and against which risk. In such a
perspective, a requirement such as that put forth by the MID, would not per se suffice.
Instead, the system would benefit from an overall simplification of the existing legal
framework, pursuant to a Risk-Management Approach (see Sects. 14—15 below).

13 How existing regulation influences the emergence of CADs

Taking into account that the transition towards CADs will occur over time, and
therefore vehicles displaying different levels of automation will co-exist and inter-
act on public roads, we attempted to undergo an analysis of what incentives extant
liability rules provide to all parties involved.

In an initial scenario, such as the current, where the presence of vehicles with a
non-negligible level of automation (level 2.5 and above), is extremely limited if not
completely inexistent, the traditional fault-based system burdening the human driver

46 Tt is reasonable to expect that the legal system will require A-type vehicles to meet the performance of
the average human driver before they are certified for free circulation on public roads.
47 See also Engelhard and de Bruin (2018, 59 ff.).
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hardly overlaps or interferes with the (semi) strict standard of liability applicable to
producers (see Sects. 4 and 7 above).

Increasing human-machine cooperation, and ever more frequent interactions
of vehicles with different levels of automation, instead, challenge the paradigm,
inducing the two bodies of law to overlap, ultimately causing the apportionment to
become ever more complex, eventually preventing a correct internalization of costs
by those that gave rise to them.

In particular, in a transition phase (S,), the apportionment of liability between the
user of an A- and N-type vehicle would theoretically require solving both a fault
claim, to determine whom among the two vehicles is—primarily or solely—respon-
sible for the accident, as well as a product liability claim, to assess whether the acci-
dent can be traced back to a defect (see Sect. 9 above).

Moreover, by considering that A-type vehicles will not radically exclude the
human being from the driving task in the medium-run, the very choice of enabling
the autonomous mode, as well as failure to supervise the vehicle would represent
both potential new sources of liability for the owner (or user), as well as areas of
potential litigation. Indeed, determining whether the crash occurred in driverless
mode is imputable to a defect—in the design or manufacturing of a sensor—or,
instead, to the reprehensible choice of not disabling the function,*® or whether fail-
ure to intervene, when prompted to do so, is due to a non-excusable distraction, or to
the failure of meeting an otherwise reasonable expectation of the user,* are all mat-
ters of complex ascertainment (see Sect. 11).

The owner of the A-type vehicle might as well decide not to initiate litigation
against the manufacturer (see Sects. 4 and 11 above), for the inefficiencies of the
current system could place too high evidentiary a burden on the claimant, requir-
ing him to show defectiveness and the existence of a clear causal nexus with the
accident.”®

48 For the user should not have activated it in such conditions, and is thence his negligent choice that
caused the accident or, to the contrary, it was within the users’ reasonable expectations to assume the
vehicle ought to have been able of operating or, again, the manufacturer ought to have prevented that
unreasonable choice, by designing the vehicle in a way that it did not allow the user to activate it in the
first place, eventually forcing the vehicle to a halt.

49 Failure to resume control might depend on the fault of the user, who was distracted when instead he
was required to be attentive, eventually having engaged in a kind of activity that was inappropriate for
the level of automation the vehicle was equipped with. At the same time, it could be argued design was
defective, for it ought to have warned the user, allowing him more time to react or, instead, that it was
unreasonable to expect a human being to successfully perform such a monitoring task, given that studies
cleaarly highlight the propensity to distraction of the driver, also when directly in control of the vehicle.
30 See also Engelhard and de Bruin (2018, 42).
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To this end, an obligation to install black boxes,>! despite commendable, would
not radically eliminate all uncertainty. Knowing with absolute precision whether
the vehicle was driving autonomously at the moment the impact occurred, does nei-
ther clear the above mentioned issues, nor allow to easily establish the existence of
a defect and of a causal nexus between that and the accident. The ex post assess-
ment of the choice is still a matter of pondering of opposite perspectives, such as the
reasonableness of user’s expectations about CAD’s performance, and the objective
environmental circumstances. Similarly, showing that a given decision of the vehi-
cle is the consequence of a defect — of any kind — requires the interpretation of the
data recorded that is likely to be complex, presupposing access to the software and
algorithms controlling the very functioning of the device — which the manufacturer
might be unwilling to release —, and costly.

In this sense, informational asymmetries may be observed, and they do certainly
play a relevant role in preventing a correct internalization of the costs generated.
Those depend upon the different knowledge and understanding of the technology—
much greater by the producers than by the user or owner—, and its intrinsic opac-
ity (Expert Group on Liability and New Technologies—New Technologies For-
mation 2019), who might make it impossible to reconstruct ex post the reason or
element that led to a given output. Moreover, the costs associated with acquiring
information—analysing data eventually recorded, or assessing the technology and
understanding possible flaws in design—further exacerbate the original imbalance,

S “An automobile Event Data Recorder (EDR) is an electronic recording device that continuously
records information about the vehicle in which it is installed. A typical EDR records data in a continuous
loop, with newer data overwriting older data. These devices rarely record more than thirty-seconds of
data. The primary purpose of the EDR is to provide information about traffic crash incidents that may be
used to improve vehicle and driver safety” (Larson, Aaron “What is an Automobile Black Box”, Expert-
Law, available at https://www.expertlaw.com/library/accidents/auto_black_boxes.html. For an explana-
tion of the functioning of automobile black boxes, see also: Melissa Massheder Torres, The Automotive
Black Box, 55 Rev. Der p.R.191, 191-2015). The importance of data recording system for determining
the causes of an accident and the apportionment of liability is expressly recognized by the German Road
Traffic Act, as amended by the Law of June 11 2017 (Federal Gazette. I pg. 310, 919), infra and from the
German Ethical Commission Guidelines; according to § 63a motor vehicles with high or automated driv-
ing functions “store the position and time information determined by a satellite navigation system when
achange of vehiclecontrol between the driverand the highly or fully automated system takes place”, and
also “when the driver is prompted by the system to take control of the vehicle or a technical failure of the
system occurs”. The technical design and the location of the event data recorder system, as well as the
manner of storage and the subject responsible to store under § 63a (1); 2 and 3, and the measure to pro-
tect the data when selling the vehicle shall be implemented through statutory ordinances by the Federal
Ministry of Transport and Digital Infrastructure. The Ethical Guidelines build upon such requirement by
prescribing that “the distribution of responsibilities (and thus accountability), for instance with regard
to the time and access arrangements, should be documented and stored”, with particular reference to
“the human-to-technology handover procedures”, for which international standardization is to be sought
(rule n. 16, Ethical Commission Automated and Connected Driving, Report June 2017, pg. 13, available
at  https://www.bmvi.de/SharedDocs/EN/Documents/G/ethic-commission-report.pdf?__blob=publicatio
nFile). For an analysis of the relationship between automated driving and data recording systems in US
literature, see Bose (2015). However, the use of event data recording systems has been largely relied on
by insurance companies, and has lately been on the forefront of a specific form of insurance — known as
Black Box Insurance — that substitutes premium based on historical performance, to provide drivers with
highly-customized premiums according to their performance on the road.
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ultimately reflecting upon the latter and more relevant dimension of the asymmetry,
namely the evidentiary burden to be met by the claimant to ground the responsibility
of the manufacturer.

The reversal of the burden of proof, with respect to how it is today defined by
the defective product directive, would definitely ease the position of both the vic-
tim and the user in transferring the costs generated by the device onto the manufac-
turer. However, such a solution is at the same time radical with respect to the current
regulatory setting, and yet does not necessarily overcome all uncertainties. Indeed,
on the one hand, requiring the manufacturer to show that the malfunctioning of the
device is not due to a defect entails forcing him to demonstrate a negative fact, per
se a disputable regulatory choice, and one that would profoundly change the entire
rationale of extant legislation.”> On the other hand, the privileged understanding of
data the manufacturer possesses would allow him to easily meet the requirement—
eventually selecting those pieces of information that support his conclusion—leav-
ing the task to rebut it to the user, who would still encounter the same obstacles in
elaborating the remaining part of the data to substantiate his claim, due to the rea-
sons just explained.

Overall, despite theoretically safer—once the new risks they give rise to are iden-
tified and assessed, as well as their diffusion reaches a critical stage, replacing con-
siderable parts of the fleet of traditional vehicles—(see Sect. 2 above), in the inter-
mediate stage, partially autonomous vehicles might place a larger liability burden
on their user, ultimately discouraging early adoption and market penetration (see
Sect. 11 above). This is reflected by the criterion of — rational — choice between the
purchase of an A- over an N-type vehicle described above (see Sect. 12). The ineffi-
ciency of the current legal system, preventing the transfer of costs non-generated by
the user upon the manufacturer as well as other service providers, would cause the
option between the two vehicles to become indifferent only when the performance
of the vehicle greatly exceeds that of the average human driver.

Such a solution, however, is not only contradictory—for as soon as the vehicle
performance equates that of the average driver the choice between the two kind of
vehicles ought to become indifferent—, but carries a relevant social cost in terms of
lives saved, accident reductions, and economic incentives to all relevant industries
interested in the value chain, further extending the transition phase and the problems
associated therewith.

At the same time, the very design of CADs, aiming at reducing collisions occur-
ring when driverless functions are activated, might cause them to assume the role of
a dove in interactions with non-automated vehicles, further discouraging their use
(Dresner and Stone 2006, 2007).

Legal reform aiming at providing greater ex ante certainty to all players involved
is therefore advisable, and some MSs have already acted upon this need, as well as
other non-European countries. Before discussing such regulation however, we shall

52 A similar modification would equate the complete revision of the current liability regime, as defined
by the DPD, at least as radical as the adoption of a pure risk-management approach of the kind here sug-
gested, see Sects. 14 and 19 below.
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provide a theoretical framework of the impact that a new approach to liability could
have on technological development.

14 Proposals for reform, and how they influence the development
of Type-1 or Type-2 automation: (i) the absolute liability
of the owner

As existing rules provide negative incentives to the adoption of CADs, reforms
might have an impact on the kind of technological development that is success-
ful. We have distinguished two alternative approaches to automation, one radi-
cally replacing the human under all conditions—Type-2 —, one, instead, leaving
the choice with the human—Type-1—so as to ensure the possibility to still enjoy
driving itself—despite assisted—while being able to relinquish all control to the
machine, when freely deciding to do so. So understood, both options meet the level
5 automation criterion, for the two automated driving systems are indeed able to
perform all aspects of the dynamic driving under all roadway and environmental
conditions manageable by a human driver, the sole difference being whether such
driving mode is the only one available—thus excluding the human from the driving
task at all times—or is rather an additional—although extremely innovative—ser-
vice, which can be activated upon desire.

We may then contemplate two alternative model strategies, that adopt a Risk-
Management Approach attributing liability to the party best positioned to minimize
costs™ and insure, thence limiting litigation and ex ante uncertainty, irrespective of
the need to demonstrate negligence, but also to narrowly identify and determine the
existence of a causal nexus.

Such rules do not incentivize the emergence of CADs in the same way, and differ
with respect to the speed of market penetration they would ensure, as well as for the
kind of automation they would favour.

Pursuant to a first strategy, the user (or owner) of the vehicle could be made
responsible—by reforming the extant legal system and adopting a new liability rule
specifically applicable to CADs—under all conditions for any accident involving the
use of the vehicle, irrespective of whether he was materially in control or not. The
underlying rationale would not substantially differ from that currently expressed by
norms such as art. 2054 c.c. it. (see Sect. 4, fn. 10 above), and would ensure the vic-
tim obtains compensation, in particular if coupled with an obligation to insure.

The victim in a similar scenario would sue the user (or owner) and obtain com-
pensation whenever the responsibility of the accident could be traced back to the
given vehicle, irrespective of any ascertainment about the mode in which it was
driving. Insurance would be factored among the costs associated with car owner-
ship and use, and might provide incentives towards the optimal choice between
manual and automated driving.* Indeed, we might expect insurance companies to

3 Similarly to Calabresi (1970).
34 See also Geistfeld (2017, 1656).
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offer contractual conditions that depend on CAD’s safety and technical characteris-
tics,> as well as on the owner’s propensity to personally drive, and his past perfor-
mance when doing so.

So conceived, liability would ease the position of the victim, it would eliminate—
at least in the first instance—the need to sue the manufacturer—a possibility that
could be granted, in recourse, to the user or owner, or to the insurance company56—
drastically reducing litigation and ex ante uncertainty.

In a similar setting, it is conceivable that the owner will want to retain control
on how the driving task is performed, thence being able to switch, according to his
own preferences, the driverless function on and off. For he is the one party bearing
the economic consequences of the accident, he might decide to minimize his risk
or accept higher levels instead—as well as the higher premiums associated there-
with —, thence preserving a desired amount of driving, intended as a pleasurable and
enjoyable activity. For this very reason, a legislative solution primarily burdening
the owner can be considered favouring Type-1 automation.

The anticipated responsibility the user or owner would be facing would not dif-
fer from the one described above when E=1. The increase in the system efficiency
would therefore entirely depend on reduced litigation and increased ex ante cer-
tainty, and would lead to a result that would not differ from that of current no-fault
plans, as those already existing in some MSs.

Therefore, we do not expect such a system to substantially reduce the transition
phase S, described above.”’

15 Contd.: (ii) the absolute liability of the manufacturer

Pursuant to a second and opposite strategy, the producer could be identified as the
party to be held liable for accidents deriving from the use of the vehicle, irrespec-
tive of the presence of a defect, malfunctioning, or for a mistake committed by the
human user. A similar solution—to be adopted through legal reform introducing a
new liability rule, specifically applicable to CADs—would force the producer to
internalize all costs, also those generated by other parties, including the internet ser-
vice provider, data provider and infrastructure manager, as well as any other subject
involved in the completion of the driving task, through a one-stop-shop approach.
The advantage for the victim with respect to the current system would be twofold:
on the one hand he will be ensured compensation without the need to bring suit on
the grounds of product defectiveness; on the other hand, he would be relieved of the
complex duty of pinpointing the one subject that is indeed materially responsible

35 This also provides additional incentives to manufacturers to produce high quality CADs because their
performance, and thence the amount for which they influence the insurance premium, would become an
element of ascertainment by the potential buyer,.

36 The insurance company could exploit economies of scale in pursuing litigation against manufacturers,
reducing such costs.

37 See also Engelhard and de Bruin (2018, 110-111).

@ Springer



European Journal of Law and Economics

among those mentioned above, thence the user, manufacturer, and infrastructure
manager and all related service providers. In fact, determining that the accident was
due to a failure in the system—eventually due to a defect—, to a momentary discon-
nection, or to a malfunctioning of the sensors in the infrastructure intended to com-
municate with the vehicle, might be complex if not at all impossible, in particular
given intrinsic informational asymmetries. Such a choice would not eliminate but
simply transfer the duty to apportion the economic consequences among all subjects
involved to the producer, who might resort to contractual agreements, exploiting
economies of scale and business relations to virtually eliminate costly litigation. The
manufacturer could, in fact, better induce the internalization of all costs by the other
parties involved in the driving task, exploiting both his knowledge of the system and
business relations.

This — one-stop-shop — approach is radical yet not unique in European law. The
consumer sales directive>® also identifies as the entry point for all consumer’s com-
plaints the final reseller, who certainly did not determine the defectiveness of the
good purchased, and yet is called in to repair, replace or reimburse the client, then
eventually acting in recourse along the entire value chain.

Such a solution is more extreme than that described above under the assumption
of the legal system being perfectly efficient in attributing liability (thence E = 0).
The user or owner would, in fact, be relieved of all liability, even that depending
upon his conduct and decisions according to the current legal system. A risk of
moral hazard on the side of the user could be identified, in particular if he were
involved, even minimally, in the driving task. However, similar concerns could be
tackled by conceiving a set of additional measures under administrative and crimi-
nal law—directly targeting the user, when involved in the driving task—and could
instead be radically excluded with Type-2 solutions. At the same time, EDRs could
also be used for that purpose, creating an additional economic incentive for the user.
The tracking of user’s choices and behaviour could provide data about his perfor-
mance—and associated level of risk—allowing the manufacturer to fine-tune the
premium he would charge at the moment of sale or—in a pay as you drive setting—
when the service is to be offered.

Moreover, this strategy would not necessarily leave the entire economic burden
on the producer, not even prima facie. Indeed, the cost of the insurance he will pur-
chase for his entire fleet—thence exploiting economies of scale—will be factored
into the overall production costs, and ultimately be transferred onto the purchaser
to a greater or lesser extent, according to the elasticity of the demand curve for that
specific good.

In this hypothesis, however, it is conceivable that the producer will have an incen-
tive to retain control over the entire driving task, radically excluding any human
intervention—for which he would still be called into compensate—or limiting it to
those conditions where it is strictly necessary for safety purposes. Ultimately, we

8 Directive 1999/44/EC of the European Parliament and of the Council of 25 May 1999 on certain
aspects of the sale of consumer goods and associated guarantees, OJ L 171, 7.7.1999, 12 (henceforth
CSD).
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might expect such a solution to favour the emergence of Type-2 automation, and
drastically incentivize the emergence of CADs at an earlier stage of technological
advancement.

16 A comparative analysis of existing legislations on CADs
and their framing according to the incentives they provide
towards the development of Type-1 or Type-2 automation

Absent any EU intervention, the current regulatory framework for automated vehi-
cles in Europe is to be identified by analysing how the MSs’ and EU’s extant rules
interact with one another. Given that applicable rules might differ to a significant
extent from one MS to the other, such a scenario is likely to result significantly
fragmented.

As recalled in Sect. 3, the issues which are mostly likely to have a direct bear-
ing on technological innovation are those relating to testing, certification, liability
and insurance. Therefore, to properly understand how current regulations affect the
development of autonomous vehicles, and whether uniform criteria across MSs are
needed, a broad comparative analysis should be developed, assessing all these issues
in combination with each other.

In this paper, however, we will narrow the comparative analysis to liability rules,
given their seminal role in incentivising and shaping the diffusion of automated
vehicles, which we have thoughtfully discussed. More precisely, we will focus on
those MSs which have adopted a pro-active stance in regulating CADs, i.e. Germany
and the UK. Firstly, we will briefly sketch how the different legislations deal with
the problem of apportioning liability among the different subjects involved. Sec-
ondly—provided that legal intervention is to be greeted, since it is likely to provide
a greater ex ante certainty, compared to implicit reliance on liability rules applica-
ble to traditional driving—such reforms will be critically evaluated against the theo-
retical framework elaborated in Sects. 14—15, to understand whether the solutions
therein adopted prove to be efficient according to the Risk Management Approach,
and eventually which kind of automation (Type 1 or Type 2) they are most likely to
incentivize.

17 Cont.: Germany
Germany has recently amended its Strafienverkehrsgesetz’® to allow “high-fully

automated driving vehicles” on public roads and regulate the behaviour of their driv-
ers, thus established itself as the first EU Member State adopting a legal framework

% The Law of June 11, 2017 (Federal Law Gazette. I pg. 1607 BGBI. I pg. 160), amending The
Road Traffic Act, as announced on 5 March 2003 (Federal Law Gazette. 1 pg. 310, 919) https:/
www.bgbl.de/xaver/bgbl/start.xav?startbk=Bundesanzeiger_BGBI&jumpTo=bgbl216s1306.pdf#__
bgbl__%2F%2F*%5B%40attr_id%3D%27bgbl216s1306.pdf%27%5D__1516706616435, last accessed
July 2020.
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on CADs. Despite the somehow misleading nomenclature,’’ under this law the user
of the vehicle may not be completely disengaged from driving (Section la.1 StVG.),
and no-passenger driving systems are banned, with the exception of low-speed driv-
erless parking systems on separated private grounds outside the public roadways
(Sects. 6, 1n. 14a StVG.).

The automated vehicles are required to possess the technical equipment necessary
to (i) steer the vehicle upon activation and handle the driving task, including longi-
tudinal and lateral control; (ii) abide by the traffic regulations directed towards driv-
ers, when the highly or full automated vehicle control system is active; (iii) manu-
ally be overridden or deactivated by the operator of the vehicle at any time; (iv)
recognize when it is necessary for the driver to personally control the vehicle, and
(v) indicate visually, acoustically, tactilely, or otherwise perceptibly to the operator,
with sufficient anticipation, the necessity to resume control, before it is actually
handed over to the driver (Section 1a.2 StVG.).

The Fahrzeugfiihrer—the driver both when in control of the steering wheel when
relying on the highly or fully automated driving function to control the vehicle (Sec-
tion la.4 StVG.)—is now allowed, while performing medium-high or fully-auto-
mated functions, to avert his eyes from the road and defer control of the vehicle, but
only so long as he remains vigilant, and ready to resume it, (i) when the highly or
fully automated system prompts him to do so, or (ii) if he recognizes or, due to obvi-
ous circumstances, must recognize that the prerequisites for the intended use of the
highly or fully automated driving functions no longer exist (Section 1b StVG.).

Under the newly enacted law, automated driving remains governed by ordinary
fault-based liability rules, although specific caps—10 million € for personal dam-
ages, and to 2 million € for property damages—apply (Sect. 12 StVG.). There-
fore, the driver holds a duty to remain vigilant and resume control when needed
or required to do so; should he breach his duties, and an accident occur as a result
thereof, he would be liable for the damage caused. If he is not at fault, the owner of
the vehicle will be held accountable for the damages caused by the vehicle operat-
ing in automated mode, just as it would occur with ordinary driving (Sect. 7 and
Sect. 18 StVG.). According to the general rules governing private law, the owner

% The nomenclature adopted (“Kraftfahrzeuge mit hoch — oder vollautomatisierter Fahrtfunktion”)
responds to the BASt (German Federal Highway Research Institute) level of automations, and should
not be confused with the standards used by SAE (Society of Automotive Engineers) and later adopted by
the NHTSA (National Highway Traffic Safety Administration). The German regulation allows up to only
SAE-levels 3 and 4 driving systems (“conditional automation and high automation”), while it excludes
SAE-level 5 (“full automation™).
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may sue the manufacturer of the vehicle, in case a product liability claim could be
made.%!

As for the evidentiary profiles, black boxes are intended to provide sufficient
information to determine whether the driver was at fault or not, both when directly
in charge of the driving task or when supervising the autonomous operation. The
law indeed prescribes that automated motor vehicles shall be designed as to allow
storage of the position and time when control of the vehicle changes from the driver
to the automated system, as well as when the former is requested to take over con-
trol, of the vehicle control or a technical disturbance of the system occurs (Sec-
tion 63a StVG.).%

18 Cont.: United Kingdom

Under UK law, the driver is responsible for the vehicle and must retain control.

The UK has worked in parallel with Germany to establish a national regulation
for CADs, and has recently adopted its first binding regulation on this matter.

After a series of initiatives, in September 2016 the Department of Trans-
port released a consultation The Pathway to driverless cars: Proposals to support
advanced driver assistance systems and automated vehicle technologies, leading the
Government to respond proposing: (i) a step by step pragmatic approach to legis-
lative innovation, starting with a revision of the Highway Code to enable remote
control parking, motorway piloting and HGV platooning, and (ii) an extension of
compulsory motor insurance to cover both the drivers’ traditional use of the vehicle
and the CAD’s technology.®?

The Vehicle Technology and Aviation Bill, presented in February 2017, was
drafted as to introduce policies for automated vehicles and road vehicle testing,
extending compulsory motor insurance requirement to include automated vehicle

1 On December 15th, 1989, the German Gesetz iiber die Haftung fiir fehlerhafte Produkte (Law on Lia-
bility for Defective Products, henceforth ProdHaftG) implemented the PLD, allowing the development
risk defence (§1 (2), n° 5, ProdHaftG), see Foerste and Graf von Westphalen (2012), Magnus (2016, 237
ff.).

2 Tt is worth noting that the German Ethics Commission Guidelines for automated and connected vehic-
ular traffic adopted in June 2017, (https://www.bmvi.de/SharedDocs/EN/Documents/G/ethic-commission
-report.pdf?__blob=publicationFile, last accessed on the 23rd of January 2018), explicitly prescribe that
“[i]t must be possible to clearly distinguish whether a driverless system is being used or whether a driver
retains accountability with the option of overruling the system. In the case of non-driverless systems, the
human—machine interface must be designed such that at any time it is clearly regulated and apparent on
which side the individual responsibilities lie, especially the responsibility for control. The distribution
of responsibilities (and thus of accountability), for instance with regard to the time and access arrange-
ments, should be documented and stored. This applies especially to the human-to-technology handover
procedures. International standardization of the handover procedures and their documentation (logging)
is to be sought in order to ensure the compatibility of the logging or documentation obligations as auto-
motive and digital technologies increasingly cross national borders”.

3 Government’s response available at https://www.gov.uk/government/uploads/system/uploads/attac
hment_data/file/581577/pathway-to-driverless-cars-consultation-response.pdf, last accessed on July
2020.
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owners. The initiative came to a halt when the Parliament was dissolved in July
2017, and has now been translated in the Automated and Electric Vehicle Bill
(henceforth AEVB),* presented in October 2017 at the House of Commons and
adopted on the 19th of July 2018.

The Bill amends and supplements the provisions in the Road Traffic Act, making
it compulsory for users of automated vehicles to have insurance that covers the tech-
nical failures of the CAD. It therefore places a duty to acquire first-party insurance
on users, providing coverage for damages caused to the driver when legitimately
disengaged from the driving tasks. Differently from current law, applicable to tradi-
tional vehicles, CADs may not benefit from the depositing of a bond for £500,000
with the Accountant General, as an alternative to the standard third-party insurance
requirements.

The bill requires the Secretary of State to maintain a list of relevant automated
vehicles to which the legislation would apply, including vehicles that: (a) are or
might be used on roads or in other public places in Great Britain, and (b) are in
the Secretary of State’s opinion designed or adapted to be capable, in at least some
circumstances or situations, of safely driving themselves without having to be moni-
tored by an individual. Such vehicles should be identified either by their type, by
their registration document, or otherwise (clause 1).

Clause 2 provides that, when (a) an accident is caused by an automated vehi-
cle when driving itself, (b) the vehicle is insured at the time of the accident, and
(c) an insured person or any other person suffers damage as a result of the acci-
dent (personal injury or death or third party property damage), the insurer would be
held liable. If the vehicle is not insured at the time of the accident, and Section 143
of the Road Traffic Act 1988 (exemptions to compulsory insurance), the owner of
the vehicle will be held accountable instead. In both cases, liability would be lim-
ited according to Section 145 of the Road Traffic Act 1988 Section 145(4)(b) (limit
on compulsory insurance for property damage, amounting to £1,000,000), which
already applies to damages caused by traditional driving. With the only exclusion
of the aforementioned cap, liability may not be limited or excluded by a term of an
insurance policy or in any other way.

However, according to clause 3, when the injured party contributed in causing
the accident, provisions under the Law Reform (Contributory Negligence) Act 1945
(Sect. 1 in particular) apply. Also, the insurer or owner of an automated vehicle is
not liable under Sect. 2 to the person in charge of the vehicle where the accident
that it caused was wholly due to the person’s negligence in allowing the vehicle to
begin driving itself when it was not appropriate to do so. Under clause 4(1), insurers
would be able to limit their liability if the damage suffered by the insured person are
a direct result of software alterations made by the insured person himself, or with his
knowledge, that are prohibited under the policy, or of a failure to install safety—criti-
cal software updates. If damage to a third party occurred and the insurer paid for it,
they could claim that payment back from the insured person in some circumstances.

%4 Automated and Electric Vehicles Bill 2018, available at www.legislation.gov.uk/ukpga/2018/18/enact
ed (last access July 2020).
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If damages are suffered by an insured person who is not the holder of the policy,
subsection (1)(a) applies only in relation to software alterations which, at the time of
the accident, the person knows are prohibited under the policy.

Therefore, if the car is driving automatically, and causes the incident, first
instance liability is on the insurer and the (human) driver is also covered. The key
policy point in this clause is that extending the insurance system applicable to non-
automated-driving is preferable than requiring the consumer to pay damages and
then rely on a product liability action which is likely to be costly and long. Insurance
companies are left free to regulate the policy market as they prefer, but insurance
would be compulsory. According to clauses 2 and 5, when the insurer, or the owner
of a vehicle, are bound to a person who has suffered damage as a result of an acci-
dent («the injured party »), and (b) the amount is settled—because it has been estab-
lished by a judgment, a decree, and arbitral award or an enforceable agreement—,
any other person liable is also responsible towards the insurer or vehicle owner, to
the same amount. Both the insurer and the owner of vehicle can therefore recover
from the actual wrongdoer (the driver who has relied on the automated system when
it was not appropriate to do so; the manufacturer, in the damages where cause by a
defect in the product) the amount paid in compensation.

19 Cont.: discussion

The two reforms present both commonalities and differences. The UK model is
based on the assumption that extending the insurance system applicable to non-auto-
mated-driving is preferable than requiring the user to pay damages, and then rely on
a product liability action, for that is likely to be time-consuming and costly.

In this sense, a first- and third-party insurance scheme the owner of the vehicle is
required to purchase ensures the victim obtains prompt and certain compensation,
clearly identifying the subject to be sued, resting liability on the party best posi-
tion to pay (the insurance company itself), irrespectively of any ascertainment about
the details of the accident and, more specifically, the mode—traditional or autono-
mous—in which the vehicle was driving. From the victim’s perspective, the solution
thus appears to set an efficient compensatory scheme.

However, the apportionment of liability between the insurer and the user is
problematic, and might trigger substantial litigation, thence partially—if not com-
pletely—vanishing the theoretical advantages of the insurance scheme just sketched.

Indeed, the possibility for the company to escape liability in case the use of the
autonomous mode was ex post ascertained as being inappropriate—in light of the
overall circumstances —, despite intended to discourage morally hazardous behav-
iour on the side of the user, will ultimately elicit litigation in most—if not all—
cases when an accident occurs while the driverless function is activated. Therefore,
as soon as a claim is brought by the victim to the insurer, the latter will most likely
attempt to show the choice to relinquish control to the vehicle was unreasonable,
causing the overall ascertainment to become complex, and costly. The economic
incentives are, in fact, substantial, for, should it succeed, it would be able to recover
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the amounts liquidated to the third party, by suing the user in recourse, or radically
deny compensation to the user himself.

Moreover, the proposed regulation burdens the user for all safety—critical soft-
ware updates, excluding the liability of the insurer towards the insured person in
case they are not installed (Clause 4(1)).

The very duty to update is rested on the party that is not best suited to ensure com-
pliance. It may be easily observed how individuals fail to install even safety—critical
patches to applications and software to be used on their hand-held devices or com-
puters. Distraction, as well as failure to understand the nature, urgency, and impor-
tance of the single update, or the frequently untimely fashion in which the request
is prompted to the user—forcing an interruption of the activity carried out at the
moment, eventually, in the case considered, the driving task itself—determine the
decision to postpone installation. Thence, if the legislator intended to ensure that all
vehicles circulating had the most updated software installed, it ought to burden the
manufacturer, holding him responsible. Indeed, he would be best positioned to mini-
mize the risk associated with users’ negligence, by conceiving its vehicles in a way
that software is always installed when necessary—if possible overnight and when
it is not in use, minimizing inconveniences—eventually forcing a halt unless it was
safe to proceed.

The proposed legislation thence fails to meet both criteria of a risk-management
approach, for it does not ensure risks are managed by the party best positioned to do
so, namely the insurance company, nor that the party is burdened who is capable of
minimizing it, the manufacturer.

Moreover, by allowing for the possibility of the insurer to escape the duty to com-
pensate the victim in the first instance, it would not reduce or ease litigation sub-
stantially, and eventually expose the victim to the possibility of failing to obtain due
compensation, if not discouraging a claim on her side in the first place. One could
expect the system to require the creation of an additional fund for those victims,®
that would ultimately produce that socialization of damage the conceived solution
fails to directly pursue.

Overall, the proposed legislation does not substantially depart from the current
system, still resting on the ascertainment of some form of fault—in choosing which
mode to activate, or in failing to update software—, despite adopting a strategy that
primarily aims at victims’ compensation through compulsory insurance schemes. If
at all it had to be traced back to one of the alternative approaches sketched above,
however, it would more closely resemble the first model, possibly favouring Type-1

5 That could be similar to the Italian “Fondo di Garanzia per le Vittime della Strada”, regulated by
the Code of Private Insurance (D. Lgs 209/2005, art. 283 ff.). The fund, which is administrated by a
public controlled entity (Consap) under the vigilance of the Ministry for the Economic Development, is
designed to compensate damaged caused in a variety of cases exceeding ordinary circumstances, such as
those caused by non-identified vehicles (for personal damages and, in some cases, property damages),
non-insured vehicles (for both personal and property damages) and vehicles circulating against the will
of the owner. Although specific caps apply to each category, a general cap of € 6.070.000,00 for personal
damages, and of €1.220.000,00 for damage to property applies. The Fund is financed through a percent-
age of the premium payed by policy holders for the compulsory car insurance.
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CADs, thence not radically excluding the user from the completion of the driving
task.

Similar conclusions can be reached for the model set out by German legislation,
whereby liability primarily rests upon the user and owner. In such a perspective, the
duty to remain vigilant, clearly implies a fault-centred rationale, demanding a dili-
gent behaviour on the side of the user while the autonomous function is activated.
Theoretically, it is desirable of the human occupant—of a semi-autonomous vehicle
of the kind described—to maintain a certain degree of control over the driving task.
However, this — supervision — is precisely the kind of task humans are less apt to,
and their very tendency in getting distracted primarily justifies the development of
technologies intended to replace them at conducting the vehicle. Moreover, resum-
ing control when involved in the activities described as lawful requires a very antici-
pated signal—most likely a few seconds—that either forces the interpretation of the
provision to be very relaxed—never finding the liability of the distracted user—or
seriously limiting the possibility to activate the autonomous function in the first
place.

This very aspect could then ground substantial product liability litigation, for the
design of the signalling system could be deemed defective if it did not take reason-
able consumers’ expectations into account—for instance if it was considered forcing
the user to maintain high levels of concentration that might be deemed unattainable
by the average individual—but the opposite argument of the negligent behaviour of
the user could also be grounded, with all implications described above. The relevant
costs of product liability litigation could ultimately discourage individual actions
against manufacturers, forcing externalities upon the owner or user of the vehicle,
disincentivizing their diffusion.

Overall, the technical features prescribed for the vehicle to be lawful, as well
as the proposed liability apportionment criteria as briefly discussed, are likely to
favour Type 1 over Type 2 automation. Compared to the UK solution, however, the
absence of a clear and mandatory provision requiring vehicle owners to buy insur-
ance for damages caused by an automated-driving system, is likely to make victims
under German law worse-off compared to their UK counterparts, as it would be less
clear for them which subjects they should sue (being such operation more easily
performed by an insurance company in a recourse claim). Furthermore, given that
extant German compulsory insurance for traditional driving only covers third party
liability, the lack of reform on this matter might result in denying adequate compen-
sation to the CADs owner who suffered damages in the accident while legitimately
driving on automated mode, since it would have to rely on the unsatisfactory regime
of ordinary product liability to get compensation from the manufacturer.
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20 The need for a European regulation of autonomous vehicles

We have shown that the transition towards full automation will be progressive, and
will certainly encounter a phase where vehicles with different levels of automation
will coexist. Cars are, indeed, expensive goods and, on average, are not frequently
replaced by their owners.

However, the length of such phase—and the social costs associated thereto—is
dependent upon both the speed of technological advancement, but also of its uptake
by consumers, required to choose a more or less technologically sophisticated vehi-
cle when replacing their own. Such a choice by a rational consumer is also affected
by the anticipated effect of liability rules, and ultimately the burden such norms pose
on them in case of an accident.

The current liability framework—at European level—is primarily based on two
bodies of legislations, MSs’ norms regulating traffic accidents, typically establish-
ing the fault-based liability of the driver and—in some cases at least—the objective
liability of the owner, on the one hand, and European product liability on the other
hand.

Such bodies of norms that were conceived as being independent and radically
separated, will progressively overlap with increasing human—machine cooperation
in all semi-autonomous vehicles, that will be used during the intermediate stage (S;)
together with traditional ones. Moreover, since CADs are connected vehicles, other
parties will participate in the completion of the driving task, namely various service
providers and infrastructure managers.

By modelling the current liability framework, applying it to the three different
stages—current S, with no or negligible automation, intermediate S; (as already
defined), and final S;, once full automation is achieved and the presence of tradi-
tional vehicles is negligible—we have shown how the inefficiencies of the legal sys-
tem will (i) increase uncertainty with respect to whom should be held responsible,
and therefore on (ii) whom should insure, and against which risks, and ultimately
(iii) discourage early adoption of partially autonomous vehicles.

In particular, informational asymmetries, and high litigation costs—primarily, yet
not solely, due to the complexity of the PLD and of its shaping of the evidentiary
burden—will most likely force the duty to compensate damages on the owner of the
vehicle, whenever he is held strictly liable by national legislation, also preventing
the correct internalization of costs generated by other players involved.

For a rational agent, the choice to purchase a partially autonomous vehicle,
absent legal reform, will only be sensible when the performance of such machines
largely surpasses—by many folds—that of the average human driver. Overall, this
will entail a very slow market penetration, with large social and economic costs
associated.

Reform is therefore advisable, and it should abide a Risk-Management Approach.
In such a perspective, liability rules should primarily — if not entirely — focus on
ensuring victim compensation, rather than the pursuit of deterrence or optimal ex
ante safety investments. Indeed, the PLD failing to ensure the correct internaliza-
tion of costs by manufacturers—for the reasons described above—is not efficient
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in ensuring adequate incentives towards the development of safe technologies. Rep-
utational and other market mechanisms are much more efficient towards that end
(Polinsky and Shavell 2009-2010; Helland and Tabarrok 2012), together with prod-
uct safety regulation (Geistfeld 2017; Bertolini 2016).

Towards that end, the legal system should attempt to minimize at least first level
litigation by the victim attempting to be compensated, by identifying a single entry
point for all litigation, through a clear, strict—if not absolute—liability rule (also
known as one-stop-shop), eventually granting secondary litigation rights (e.g.: right
to sue in recourse) (Bertolini 2016). Such party should be identified in the party that
is best positioned to (i) identify and (ii) manage (typically through insurance) risks,
and—when relevant—(iii) ensure compliance [similarly to Calabresi (1970)].

Within such framework two subjects can be primarily identified as possible first
instance responders, the owner of the vehicle—as the current system in a less effi-
cient and transparent way is anyway leading to—and the manufacturer. A clear-cut
liability rule, imposing the duty to compensate univocally on any one of those two
subjects would still minimize litigation costs and uncertainty—today due to the
overlapping of the many coexisting rules—and would ensure that the cost of acci-
dents may be internalized through insurance mechanisms. Indeed, the safety of the
overall driving performance—due to the residing human factor in partial automa-
tion, and the autonomous portion dependent upon the intrinsic safety of the vehi-
cle and of the relevant infrastructure—would reflect upon the insurance premium
(Geistfeld 2017) to be paid respectively by the owner or the producer, according to
the liability rule chosen.

At the same time, even in the latter case, the final cost of liability would not nec-
essarily be borne by the manufacturer, who could instead—minimize it, exploiting
economies of scale due to the insuring of an entire fleet of vehicles rather than the
single one—and reflect it upon the resale price of the vehicle, ultimately distributing
it among all users of the technology.

The choice between one or the other liability rule would, however, not prove neu-
tral in terms of technology it would favour. Indeed, if the owner were to be held
strictly—if not absolutely—liable, he would prefer a vehicle where the choice
whether to drive autonomously or not will primarily be left with him (Type-1 auto-
mation). The opposite choice, burdening the manufacturer, would most likely incen-
tivize Type-2 automation, where ultimately the vehicle will be entirely autonomous,
depriving the human user of all control.

For this very reason, thence to avoid market fragmentation, as well as to ensure
a level-playing field and increased certainty at European level, the EU should inter-
vene to regulate liability for accidents involving—partially—autonomous vehicles.
Absent European intervention MS will regulate, adopting solutions that might prove
divergent even with respect to the incentives they provide towards one form or the
other of automation.

In such a perspective, the ad-hoc regulation adopted in Germany and the UK was
briefly analysed to show how it does not fully relinquish a fault-based perspective.
So is to be understood the duty to overlook the functioning of the autonomous vehi-
cle and resume control if prompted to do so, put forth by Section 1b StVG., and the
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duty to install safety—critical software updates, established by clause 4(1) AEVB,
and therefore will not necessarily simplify nor diminish first instance litigation.

An intervention at EU level is therefore possible and necessary (Engelhard and de
Bruin 2018), and even if it is clear that the PLD would deserve a profound revision,
the preferable choice would be that of adopting specific legislation for autonomous
and partially autonomous vehicles (Timan et al. 2019), pursuant to a RMA.
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