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riverless cars are 
expected to have 
the advantage of lift-
ing requirements for 
driver’s license own-

ership and fitness to drive. As such 
they may offer improved accessibili-
ty and mobility for those currently 
unable to drive, e.g., the elderly and 
disabled [1], [2]. Despite the postu-
lated benefits, the role of driverless 
cars in future transport systems 
remains debatable, in terms of their 
potential to replace other transport 
modes or have a novel, unique, and 
complementary functionality.

Wiseman in his article “Driverless 
Cars will Make Passenger Rails Obso-
lete,” (this issue, p. 22), makes a 
number of very bold statements 
concerning the future of transport 
systems. In particular, he suggests 
that driverless vehicles will soon 
replace railway systems as well 
as, presumably, other public trans-
port. Following this hypothesis, he 
suggests that driverless vehicles 
should and can be facilitated through 
expanding car-friendly infrastruc-
ture. Yet those working in the field of 
transport systems, whether in model-
ing, policy, engineering, or econom-
ics, are well aware of such transport 
systems’ notoriety in not following 
the trajectories of any long-term 
predictions, whether utopian or dys-
topian. In particular, consider a pair 
of past bold conjectures related to 
transport systems:

“In 50 years, every street in 
London will be buried under 
nine feet of manure” (The 
Times, 1984, quoted in [3]).

“Telework and telecommuting 
are likely to increase at an 
accelerating pace over the 
next decade” (Nills, 1985, 
quoted in [4]).

The commonality between those 
two statements is their boldness and 
incorrectness, even though they rep-
resent two extreme stances on the 
role of technological progress in 
transport systems: ignorance and 
over-optimism. Rather than debate 
the nature and causes of the “Great 
horse manure crisis of 1894” (see 
[5]), we observe that with his per-
spective, Wiseman might be falling 
into the same trap as authors of the 

statements above. Thus, we propose 
to treat Wiseman’s article as a start-
ing point for a more critical discus-
sion of the role of driverless cars 
in relation to rail, or indeed other 
modes of transport, as those have to 
be considered in any such delibera-
tions. We cannot offer, unfortunately, 
an exhaustive review and exposition 
of what is already a very substantial 
research field. Instead, we highlight 
some of the specific discourse and 
arguments that relate to the conjec-
tures made by Wiseman, and allow 
the reader to obtain a more com-
plete perspective on the issues.

“Driveless Cars Will Make 
Passenger Rails Obsolete”
Wiseman’s article concludes that:

“…a means of transportation 
that takes many people from 
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one central station to another 
central station has lost the justi-
fication of its existence….train 
stations are not often in a close 
proximity of the passenger, so 
the passenger should use 
another means of transport to 
arrive at a train station whereas 
when using driverless cars there 
is no need for the hassle of 
these connections” (p. 26).

This vision can be true, but it 
embodies a number of implicit, but 
fundamental assumptions. Therefore, 
let us spell out these assumptions 
and evaluate them in light of current 
knowledge, as part of the accepted 
best practice to appraise decisions 
concerning transport systems.

Assumption 1) Every traveler has 
access to a driverless vehicle that 
can serve his or her mobility 
needs at least as well as  
current rail and other public 
transport services
This requirement stems from the 
need to serve those previously travel-
ing by rail and possibly other public 
transport with a similar or better level 
of service (generalized cost) in order 
to maintain a similar level of social 
welfare. To meet those needs, for 
example, New York City would need 
to serve the current 1.7 billion annu-
al trips made by the subway [6] with 
access to driverless vehicles. For 
simplicity, assume a homogenous 
demand across days of the year and 
a vehicle occupancy of 3 persons per 
vehicle (seen typically only in high 
occupancy lanes). Under those, very 
favorable circumstances, the city 
would need to cope with about 1.5 
million additional vehicle trips per 
day, i.e., an increase by a third from 
the present 4.5 million [7]. The ques-
tion remains where the vehicles (and 
resources to maintain them) would 
come from in order to serve all the 
commuters who currently rely on 

cheaper means of transport, includ-
ing those working in lower-paid occu-
pations, which are essential for the 
urban economy. Further-
more, the lack of affordable 
transport would restrict 
employment opportunities, 
especially for the less afflu-
ent or for youth, further ham-
pering the economy [8]. 
Overall, this situation could 
point towards the need for 
subsidies, that is, the situa-
tion to which Wiseman 
objected in the first place.

Assumption 2) There is enough 
road capacity to meet the surge 
in demand from modal shift due 
to the Assumption 1)
This assumption concerns the ability 
of the road infrastructure to ac
commodate the additional vehicle 
trips resulting from the removal of 
rail and public transport. To maintain 
a similar level of social welfare, i.e., 
to not make travelers worse off, this 
would imply a comparable general-
ized cost of travel, including travel 
duration, monetary costs, or waiting 
time. Considering the prevalent satu-
ration of road networks across cities, 
especially during peak times, this 
would require a substantial increase 
in road capacity. To meet this 
requirement, it would be necessary 
to combine a set of far-reaching mea-
sures that include:

■■ Ensuring rapid take-up of and 
penetration of traffic flows by 
driverless vehicles. This re
quirement rests on extensive 
simulation efforts, e.g., [9], prov-
ing that a high penetration rate 
of driverless vehicles is crucial 
for achieving higher traffic 
throughput, given the substan-
tial differences between driving 
logic in human-controlled and 
driverless vehicles.

■■ Cooperative operation of the 
vehicles and their controllers. 

This property would ensure 
smoothness in traffic flows and 
at intersections to achieve the 

capacity gains, especially within 
urban areas [10]. Fundamentally, 
drivers exhibit different values of 
time (VoT), i.e., willingness to 
trade-off money for ability to trav-
el faster, including crossing 
a junction sooner or drive at 
higher speeds. VoT itself is driven 
by broader time use and bud-
get (income) considerations [11]. 
Allowing vehicle controllers to 
reflect those heterogeneous VoT 
in driving style could limit stabili-
ty of the vehicle platoons, which 
in turn is key to the postulated 
traffic capacity gains [8]. There 
are emerging ideas that seek to 
accommodate this heterogene-
ity, e.g., via peer-to-peer trading 
[12]. Those still require, howev-
er, suitable technologies and 
protocols, especially if the bene-
fits are to be realized at the sys-
tem level. Alternatively, an exter-
nally imposed regime of travel 
behaviors would deprive travelers 
of mobility choices that they 
can currently match to broad-
er life circumstances, thus al
most surely making the users  
worse off.

■■ Broader economic justifica-
tion and social acceptance of 
road expansion projects, 
especially in dense urban 
areas. Substantial physical road 
infrastructure expansion might 

New York City would need to serve 
the current 1.7 billion annual trips 
made by the subway with access  
to driverless vehicles.
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need to complement the solutions 
above, especially in situations 
where there simply is no physi-
cal space for additional vehi-
cles. In the most problematic, 
densely populated urban areas, 
where land prices tend to be 
the highest, e.g., [13], [14], allo-
cating further space to roads 
would simply be economically 
unfeasible. The proposed alter-
native, i.e., multi-level (elevat-
ed) roads, could solve capacity 
issues at arterial roads in some 
contexts but would be virtually 
impossible in protected town-
scapes and landscape environ-
ments or local streets and col-
lector roads due to effects on 
property values of increased 
traffic intensity or pollution 
[15]. Inability to do so would 
make Wiseman’s statement “no 
need for the hassle of these 
connections” invalid.

Assumption 3) The kinematic 
properties of the vehicle allow 
realization of traffic capacity gains 
but also ensure that the environ-
ment is productive/enjoyable
One of the greatest postulated bene-
fits of driverless vehicles involves 
transformation of “wasted driving 
time” into productive and enjoyable 
time. The phenomenon has been 
extensively modeled in the context 
of rail, e.g., [16] and other public 
transport. For driverless vehicles, 
however, there exists a subtle inter-
action between the traveler’s experi-
ence and ability to realize the postu-
lated traffic gains via more dynamic 
velocity and acceleration profiles 
[17]. The fact that the latter are 
responsible for motion sickness 
remains one of the most problematic 
issues for enabling driverless vehi-
cles to become productive and 
enjoyable environments (the issue is 
less prevalent in rail due to different 
acceleration profiles).

Assumption 4) Distribution of 
activity duration at the destina-
tion allows enough time for vehi-
cles to be parked and returned, or 
extensive sharing (vehicle, ride) 
are available and used
This assumption reflects the need 
for driverless vehicles to have suffi-
cient time to travel to parking faci
lities and return on time when 
required. Alternatively, they would 
need to remain in local circulation, 
effectively inflating not only fuel 
consumption but also traffic, and 
thus road capacity requirements. 
Otherwise, there would need to be a 
sufficient pool of vehicles available 
to use, e.g., via sharing services, in 
order to avoid lengthy waiting times, 
affecting the generalized cost and 
thus service level. It is not clear 
from either Wiseman’s paper or cur-
rent knowledge how either of those 
objectives could be met in reality.

Assumption 5) Driverless vehicles 
do not emit air and light pollution
This assumption is made by Wise-
man to achieve postulated air pollu-
tion gains, which in addition to CO2, 
NOx, and particulate emissions need 
to also include noise and light pollu-
tion [18]. While there is an ongoing 
progress towards cleaner vehicles, 
especially those using sustainably 
generated electricity, the issues of 
charging or storing electricity and 
associated infrastructure require-
ments (charging, transmission, dis-
tribution) are not trivial.

With respect to the environmen-
tal impact of transport and the 
resulting health impacts, Wiseman 
focused on exhaust emission con-
trol but such benefits should be 
expected by both manned and 
unmanned vehicles. Wiseman 
could have argued that autono-
mous vehicles could enable steady 
travel speeds that can reduce emis-
sions. Again, this requires non-con-
gested roads in order to prevent 

vehicles from accelerating and 
decelerating; however, as explained 
in Assumptions 2 and 4, traffic 
capacity is expected to be an issue. 
Evidence of air pollution produced 
by trains was not provided in the arti-
cle and thus, comparison could not 
be made. Furthermore, there is prog-
ress in terms of reduction in noise 
and light (from headlights and street 
lamps at night; however, there is still 
a way to achieve “silent and dark” 
vehicles, which would be necessary 
to limit nuisance to adjacent areas 
(assuming no need for unwelcome 
physical barriers and separation). 
The light aspect is especially diffi-
cult as today’s technologies enabling 
driverless vehicles’ operation often 
rely on visible light, e.g., cameras, 
computer vision [19].

Assumption 6) Driverless cars 
improve health and safety
The key safety benefit of driverless 
cars is that accidents related to the 
presence of the human driver will 
potentially be prevented from occur-
ring as drivers who are not fit to 
drive, e.g., those who have con-
sumed alcohol [20] or are fatigued 
[21], will not have to drive. However, 
this argument was not presented by 
Wiseman. Furthermore, as explained 
in Assumption 1, mixed traff ic 
could be expected and thus, 
autonomous cars will essentially 
interact with other types of road 
space users including cyclists and 
pedestrians [22]. Until conclusively 
proven otherwise, the potential of a 
collision between autonomous cars 
and cyclists or pedestrians should 
be part of the discussions of the 
future application of driverless cars.

Finally, it was assumed that the 
autonomous systems will not fail in 
that they will continuously operate 
as designed. It is worth mention-
ing that autonomous systems rely 
on the capabilities of technologi-
cal advancements [23], e.g., sensors 
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will operate in all weather condi-
tions. Technology-related failures 
are inevitable [24], and their con-
tribution to potential safety issues 
should not be ignored.

Furthermore, the selection of 
safety data in the article is, at most, 
circumstantial. Only data from the 
U.S. were used and presented in 
absolute numbers, without tak-
ing into account travel distance and 
travel time by each mode of trans-
port. As a result, cities that possess a 
railway system that is of vital impor-
tance to their transport networks, 
e.g., European and Asian cities, were 
ignored, leading to incomplete data 
selection and subsequently, incon-
clusive arguments.

As outlined above, there is prog-
ress in terms of enabling presence 
and benefits from driverless vehi-
cles as part of transport systems. 
However, there remain a number of 
fundamental issues that, from the 
point of view of transport systems’ 
planning and operation, make Wise-
man’s vision not a credible scenario 
for the near future.

Lack of Evidence to  
Justify Projections
Wiseman claims that the first autono-
mous vehicle will be available in June 
2018. Almost a year after that day, 
only those in the experimental 
phase exist. The term autonomous 
vehicles used in the article can be 
described as misleading as it can be 
assumed that the author refers to 
fully autonomous vehicles due to the 
repeated use of the term “driverless 
cars,” indicating that a human being 
present in the vehicle does not con-
trol the trajectory of the vehicle. 
According to the Department for 
Transport in the U.K. [2], fully autono-
mous vehicles refer to vehicles where 
a driver does not need to be present, 
while driver assistance systems refer 
to vehicles where the driver should be 
engaged or in the loop at all times. 

Consequently, it was unclear in the 
article as to what concepts or busi-
ness models will be used for fully 
autonomous vehicles in urban sys-
tems. It was also implicitly assumed 
that these vehicles will be used to 
transport small numbers of people, 
similar to the way conventional 
human driven cars are used.

A Bold Vision Based on Some 
Crude Assumptions
Wiseman in his paper presents a 
very bold vision of the future of driv-
erless cars, making rather controver-
sial recommendations concerning 
transport policies in relation to rail. 
As with any futuristic vision, howev-
er, his approach is based on a num-
ber of assumptions. The explicit 
assumptions are rather crude, 
based on extrapolations of limited 
pieces of evidence or their incom-
plete interpretation. There are also a 
number of implicit assumptions, 
some of which we have spelled out 
and reflected on with our existing 
knowledge in transport systems 
operations. Based on this approach, 
we do not see a credible basis for 
accepting Wiseman’s recommenda-
tions. We see the need for continu-
ing efforts towards understanding 
how driverless vehicles, with their 
expected capabilities, can comple-
ment the broader socio-economic 
role of dynamic transport systems. 
We make this recommendation, 
bearing in mind that even driverless 
vehicles themselves can be subject 
to competition from other, also 
futuristic modes, e.g., autonomous 
passenger air vehicles (e.g., pro-
posed by Boeing and Airbus), air-
resistance-free transport (e.g., 
Hyperloop), or improved participa-
tion in services via digital means 
(e.g., virtual or augmented reality). 
In conclusion, we argue that an evo-
lutionary approach to planning and 
management of transport systems is 
needed. Such an approach should 

explore emerging technologies and 
their application to transport, while 
leveraging extensive existing knowl-
edge about travel behavior, safety, 
and environments, and of the socio-
economic role of transport.
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Understanding the Full Range 
of Contextual Factors
Wiseman in his paper presents a 
vision that can be summarized with 
the following two sentences: “In the 
age of driverless cars, a means of 
transportation that takes many peo-
ple from one central station to 
another central station has lost the 
justification for its existence,” and 
“Driverless cars will gradually take 
control of the transportation mar-
ket, and as more and more driver-
less cars are on the roads, trains 
will slowly but surely fade away 
from our lives.”

In our opinion, these state-
ments are extrapolated from a few 
factors and do not represent the 
direction that the mobility domain 
has been taking in recent years. 
His position is taken without fully 
understanding the full range of 
contextual factors, and social and 
environmental variables.

Coordination for Mobility as a 
Service is a mandatory require-
ment today to maintain a certain 
level of city sustainability (i.e., 
lower CO2 emissions, more citi-
zen participation and satisfaction, 

etc.). MaaS can be implemented on 
a spectrum, ranging from indepen-
dent human or robotic agents inter-
acting with users through market 
exchanges, to hybrid ensembles of 
hierarchies that lend themselves to 
mass transit, to fixed, military-style 
hierarchical control systems. Our 
opinion is that instead of imple-
menting selfish mobility, there is 
a need to realize a collective and 
cooperative mobility where each 
MaaS provider sees in each single 
competitors a par tner and not 
an adversary.

Author Information
Antonio Bucchiarone is with Fondazi-
one Bruno Kessler, Via Sommarive, 
18 38123 Trento – Italy. Email:  
bucchiarone@fbk.eu.

Philip Feldmann is with the Uni-
versity of Maryland, Baltimore Coun-
ty, MD. Email: feld1@umbc.edu.

References
[1] O. Dakroub, C.M. Boukhater, F. Lahoud, M. 
Awad, and H, Artail, “An intelligent carpooling 
app for a green social solution to traffic and 
parking congestions,” in Proc. 16th Int. IEEE 
Conf. Intelligent Transportation Systems 
(ITSC 2013). IEEE, 2013, pp. 2401–2408.

[2] T. Litman, “Autonomous vehicle imple-
mentation predictions,” Victoria Transport 
Policy Institute, Victoria, Canada, 2017.
[3] M. Furuhata, M. Dessouky, F. Ordonez, 
M.-E. Brunet, X. Wang, and S. Koenig, 
“Ridesharing: The state-of-the-art and 
future directions,” Transportation Re­
search Part B: Methodological, vol. 57, pp. 
28–46, 2013.
[4] D.J. Fagnant and K.M. Kockelman, 
“Dynamic ride-sharing and fleet sizing for a 
system of shared autonomous vehicles in 
Austin, TX,” Transportation, vol. 45, no. 1, 
pp. 143–158, 2018.
[5] National Highway Traffic Safety Admin-
istration, “U.S. department of transporta-
tion releases’ preparing for the future of 
transportation: Automated vehicles 3.0,” 
US Department of Transportation, 2018.
[6] J. Bierstedt, A. Gooze, C. Gray, J. Peter-
man, L. Raykin, and J. Walters, “Effects of 
next-generation vehicles on travel demand 
and highway capacity,” FP Think Working 
Group, pp. 10–11, 2014.
[7] D.J. Fagnant and K. Kockelman, “Preparing 
a nation for autonomous vehicles: Oppor-
tunities, barriers and policy recommenda-
tions for capitalizing on self-driven vehicles,” 
Transportation Res., vol. 20, 2014.
[8] S. Asadi Bagloee, M. Tavana, M. Asadi, 
and T. Oliver, “Autonomous vehicles: Chal-
lenges, opportunities, and future impli-
cations for transportation policies,” J. 
Modern Transportation, vol. 24, no. 4, pp. 
284–303, 2016.
[9] S.L. Poczter and L.M. Jankovic, “The 
Google car: Driving toward a better future?,” 
J. Business Case Studies (Online), vol. 10, 
no. 1, p. 7, 2014.

�

[11] S. Jara-Díaz, Transport Economic Theory. 
Oxford, U.K.: Elsevier, 2007. 
[12] S. Le Vine and J. Polak, “A novel peer-
to-peer congestion pricing marketplace 
enabled by vehicle-automation,” Transporta­
tion Research Part A: Policy and Practice, vol. 
94, pp. 483-494, 2016. 
[13] D. Albouy, “What are cities worth? 
Land rents, local productivity, and the total 
value of amenities,” Rev. Economics and 
Statistics, vol. 98, no. 3, pp. 477-487, 2016.
[14] P. Combes, G. Duranton, and L. Gobil-
lon, “The cost of agglomeration: Land pric-
es in cities,” Sciences, 2018.
[15] O. Levkovich, J. Rouwendal, and R. van 
Marwijk, “The effects of highway develop-
ment on housing prices,” Transportation, 
vol. 43, no. 2, pp. 379-405, 2016.
[16] J. Pawlak, J.W. Polak, and A. Sivaku-
mar, “A framework for joint modelling of 

activity choice, duration, and productivity 
while travelling,” Transportation Res. Part B: 
Methodological, vol. 106, pp.153-172, 2017.
[17] S. Le Vine, A. Zolfaghari, and J. Polak, 
“Autonomous cars: The tension between occu-
pant experience and intersection capac-
ity,” Transportation Res. Part C: Emerging Tech­
nologies, vol. 52, pp. 1-14, 2015.
[18] A. Tiwary and I. Williams, Air pollution: 
Measurement, Modelling and Mitigation. CRC, 
2018.
[19] A. Asvadi, L. Garrote, C, Premebida, P, 
Peixoto, and U.J. Nunes, “Multimodal vehi-
cle detection: Fusing 3d-lidar and color 
camera data,” Pattern Recognition Letts., vol. 
115, pp. 20-29, 2018.
[20] J. Rolison, S. Regev, S. Moutari, and A. 
Feeney, “What are the factors that contrib-
ute to road accidents? An assessment of law 
enforcement views, ordinary drivers’ opinions, 

and road accident records,” Accident Analysis 
and Prevention, vol. 115, pp.11-24, 2018.
[21] D. Mollicone, K. Kan, C. Mott, R. Bartels, 
S. Bruneau, M. Van Wollen, A.R. Sparrow, 
and H.P.A. Van Dongen, “Predicting perfor-
mance and safety based on driver fatigue,” 
Accident Analysis & Prevention, 2018.
[22] J. Lenard, R. Welsh, and R. Danton, 
“Time-to-collision analysis of pedestrian 
and pedal-cycle accidents for the develop-
ment of autonomous emergency braking 
systems,” Accident Analysis and Prevention, 
vol. 115, pp.128-136, 2018.
[23] M. Daily, S. Medasani, R. Behringer, and 
M. Trivedi, “Self-driving cars,” IEEE Com­
puter, vol. 50, pp. 18-23, Dec. 2017.
[24] N. Leveson, “A new accident model for 
engineering safer systems,” Safety Science, 
vol. 42, pp.237-270, 2004.
�

OPINION    (continued from page 31)


