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Abstract

:

Cities have started to restructure themselves into ‘smart cities’ to address the challenges of the 21st Century—such as climate change, sustainable development, and digital disruption. One of the major obstacles to success for a smart city is to tackle the mobility and accessibility issues via ‘smart mobility’ solutions. At the verge of the age of smart urbanism, autonomous vehicle technology is seen as an opportunity to realize the smart mobility vision of cities. However, this innovative technological advancement is also speculated to bring a major disruption in urban transport, land use, employment, parking, car ownership, infrastructure design, capital investment decisions, sustainability, mobility, and traffic safety. Despite the potential threats, urban planners and managers are not yet prepared to develop autonomous vehicle strategies for cities to deal with these threats. This is mainly due to a lack of knowledge on the social implications of autonomous capabilities and how exactly they will disrupt our cities. This viewpoint provides a snapshot of the current status of vehicle automation, the direction in which the field is moving forward, the potential impacts of systematic adoption of autonomous vehicles, and how urban planners can mitigate the built environment and land use disruption of autonomous vehicles.
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1. Introduction: Smart Cities, Smart Mobility, and Autonomous Vehicles


We are at the verge of a new urban era—i.e., the age of smart urbanism [1,2,3,4]. Today, cities are integrating technological innovation in decision-making and service provision to address a range of challenges caused by urbanization—e.g., traffic congestion, greenhouse gas emissions, energy efficiency—under the smart city notion [5,6,7]. Technology, particularly in the name of smart urban mobility solutions, is becoming a key concept of the smart city movement and agenda to address the undesirable effects of transport [8,9,10,11].



A smart city represents enhanced access to sustainable modes of transport; leading to higher environmental and health standards and upgraded quality of life for all—including disadvantaged residents [12,13,14]. Smart mobility solutions can provide users with an increased number of options and offer more convenient, adaptable, and affordable journeys, while reducing dependence on private vehicle use as well as promoting energy efficient mobility [15,16,17]. Originally perceived within the smart cities agenda, according to Faisal et al. [18], the smart urban mobility concept is “characterized by an integration of sustainable and smart vehicular technologies, and cooperative intelligent transport systems through cloud-servers and big-data-based vehicular networks” (p. 46). In other words, it is an umbrella term for urban traffic services combined with smart technologies [19,20,21].



Falling under the smart mobility umbrella, ‘autonomous vehicles’ (AVs)—also referred to as driverless cars—are the products of autonomous driving technologies. AVs are considered one of the most innovative applications of technologies, within the broader smart transport agenda, of our time [22,23]. At the same time, AVs are widely argued to be one of the most disruptive technologies to fundamentally reshape our cities in the age of smart urbanism [24,25].



Although it has become highly popular during the smart city movement in recent years, the concept of AVs is not new. Vehicle automation was originally envisioned as early as 1918 [26]. However, only recent advancements in automated driving technology have made AVs commercially viable. In addition to enabling vehicles to drive autonomously, technology also allows vehicles to communicate with each other, infrastructure, and smart city management systems—so-called connected autonomous vehicles (CAV). The resulting AV, and CAV, offers a wide-range of advantages as well as complications for urban life. On the one hand, for instance, the smart parking system of an AV in a smart city can have a beneficial effect on air pollution [27], or the new artificial intelligence-based solution called ‘extreme learning machines’, when integrated with AVs, can be useful in energy conservation or harvesting [28]. On the other hand, the lack of a clear AV legal framework in cities complicates wide-scale AV uptake and public perceptions towards them [29,30,31].



The challenge for communities and policymakers/decision-makers is that AVs have a wide-range of possible impacts, but the specific implications can vary by place depending on how they are implemented. Communities can choose how to introduce a new technology, and thereby shape its social impacts, or to accept what is seen as inevitable based on the interests influencing adoption. While AVs may be ready for road use, as put forward by Wilson [32] the important question here is whether our communities are ready to make decisions about this new technology.



The recent AV implementation predictions suggest that before the mid-century about half of private motor vehicles could be autonomous [33]. This prediction implies that AVs will be an almost as common part of life as present-day smart phones by 2050—that is only three decades away (Figure 1). These vehicles are expected to include the following types of AV ridership: family AVs—vehicle owned and shared by a family; shared AVs (SAVs)—vehicle not owned, but used privately on demand; pooled-shared AVs—vehicle not owned, but used on demand with multiple riders simultaneously. Pooled/shared AVs will also be offered as part of an autonomous mobility-as-a-service solution.



Bloomberg [34] reported that thirty-six cities are currently trailing AVs on road or in a laboratory. In addition, eighteen cities are gathering data about institutional (regulation, planning, governance) constraints and opportunities associated with the trialing of AVs. Leading North American cities currently undergoing a transition to AVs include Austin, Las Vegas, Boston, Pittsburgh, Detroit, San Francisco, Toronto, and Washington DC. Likewise, Sydney, Melbourne, and Brisbane, from Australia, are the leading cities that are in the process of running AV trials and considering to formulize needed regulations. Various car and technology corporations are supporting the AV ambitions of these cities [35,36].



Until now, research has mainly focused on the technological advancement of AVs (Figure 2) and only a few studies have investigated the short-term transport effects of AVs—e.g., trip generation impacts [37]. However, little attention has been given to the long-term impacts of AVs—e.g., AV induced urban development patterns and landscapes (fragmentation) of our cities. The history of urbanization has shown that every advancement in transportation technology—from horse carts to Maglev—have greatly impacted the built environment, urban form, and social organization of our cities. It is, hence, expected that the introduction of AVs would change the way of utilizing and developing urban space dramatically [38]. However, the likely AV-induced changes in urban form and their rebound effects on mobility are understudied areas of research. In addition, the planning and regulatory context, plus the lack of scientific evidence leaves urban planners—along with legislators, urban managers, administrators, and policymakers—unprepared to deal with the possible spatial reorganization and social disruption of AVs.



Many scholars foresee that the widespread use of AVs will likely result in accident reduction, congestion improvement, flexibility of time spent travelling, and transport-related social inclusion [39,40,41]. Other scholars stay dubious about the outcome due to the restricted understanding of how AVs will work effectively inside the prior complicated transportation system [42]. Particularly, urban planners, in general, seem to be unprepared for the likely AV disruption on the built environment and land use of our cities.



Against this backdrop, this viewpoint aims to provide a snapshot of the current status of vehicle automation, the direction in which the field is moving forward, the potential impacts of systematic adoption of AV, and how planners can mitigate the built environment and land use disruption of AVs in the age of smart urbanism and mobility. Note that, despite acknowledging the connected vehicle also as a disruptive technology [43], this viewpoint mainly focuses on AVs—assuming connected vehicle technology will be part of AVs in the future to form connected-AVs. In terms of the methodologic approach, this study conducts the following: (a) reviewing the literature focusing on the impacts of AVs on the built environment and land use; (b) providing a commentary on the key literature review findings, and; (c) speculating on how planners can mitigate the built environment and land use disruptions likely to be caused by a wider AV uptake.




2. Background: Current State and Future Direction of Autonomous Vehicles


AVs include automobiles, trucks, drones, ferries, and ships that are driverless or self-driving. Autonomous mobility has evolved incrementally over decades employing many different technologies for steering, navigation, collision avoidance, and maneuvering that will culminate in fully autonomous systems in the next few years. Some elements of AVs have been in use for many years while others are just entering the market. A further implication of the introduction of AVs depends on the power source used, with many AVs being electric (Figure 3) rather than gasoline/diesel, so a shift to AVs may also herald a shift in vehicle energy sources [44]. When summed, however, the set of technologies offers the potential for a vehicle to move and navigate through traffic with no driver assistance.



In analyzing the implications of AVs, it is important to recognize fundamental differences in design and use that will not allow vehicle trajectories, as we have known them to continue. The impact will depend on how AVs are used. A case where individuals own an AV and only use it for their household will lead to more travel as the vehicle returns home or to a holding area between uses. In contrast, a ride-sharing model could reduce pressure on parking and change land use. Certainly, ride-hailing applications such as Lyft and Uber have challenged prior norms and could provide some of the benefits of AVs if widely adopted [45].



There are various degrees of autonomy for motor vehicles. Table 1 shows the automation levels that have been introduced by the German Federal Highway Research Institute (BASt), the US National Highway Traffic Safety Administration, and the US Society of Automotive Engineers [46,47,48]. In these classifications, for levels zero to two the driver is in control and must constantly manage vehicle movement, with assistance on warnings, braking, parking, lane centering and adaptive cruise control. For the more advanced capabilities (levels three to five), the vehicle takes increasing control. For example, no action is needed by a human driver in level five autonomy. Currently, AVs in the US roads range between level two (partial automation) and level three (conditional automation). However, AVs that are currently being trialed are equipped with full autonomy.



The implementation horizon for AVs will move through each level of autonomy. Walker [50] predicts that General Motors (GM) and Ford will have level three and four AVs in use by 2021, although the traditional ownership model will not apply as early adoption will be through ride-sharing firms, as shown by GM’s partial purchase of a stake in Lyft. Walker [50] notes that all major automobile firms have plans for mid-level AVs to be operationalized over the period of 2020–2030. In addition, vehicle producers (e.g., GM, Ford, Chrysler, Toyota, Daimler, Hyundai) are not only focusing on the production of AVs, but they are partnering with software and robotics firms for product development, and with ride-sharing firms (e.g., Uber, Lyft) for implementation. The end product of mobility for consumers will look familiar, but the way that mobility is provided will be the result of a recombination of technologies and firms.



According to König and Grippenkoven [51], “[e]lectrification, connectivity and automation, as central trends in the upcoming generation of vehicles may not lead to a reduction of traffic but rather increase it. Future mobility is challenged to bundle up traffic demands to handle an increasing mobility demand caused by spatial sprawl, economic growth and flexible working hours. Looking at mobility from a psychological perspective another challenge arises—people strive for a more flexible form of mobility than mass public transport offers. They rather want schedules to adapt to their needs than to plan their mobility regarding to the fixed times of public transport” (p. 295). On that very point, the growing literature highlights that AVs’ impact is expected to be transformative as use grows with a range of social implications [52,53].



The widely raised implications of AVs in the literature include, but are not limited to, the following:

	▪

	
The changing nature of mobility and AVs (e.g., demand responsive transport, vehicle ownership, pricing models, access for aging/children/disabled);




	▪

	
The impact of AVs on the built environment (e.g., parking facilities, building and street design, signage);




	▪

	
The need for a clear legal status of AVs (e.g., assignment of risk and responsibility, police practice);




	▪

	
The improved security of AVs for efficient operation and public safety (e.g., driving performance, cyber security);




	▪

	
The employment impacts of AVs on occupations and industries (e.g., loss of jobs in freight and public transport), and;




	▪

	
The economic impact of AVs on three-tier government tax revenues (e.g., change in property and sales tax revenue).










3. Discussion


3.1. What Could Be the Likely Impacts of Autonomous Vehicles on the Built Environment and Land Use?


According to many planning scholars, such as Kane and Whitehead [54], “[e]xisting urban transport systems have fundamentally shaped our modern urban economies and societies, however, disruptive technologies, as fundamental as recent ICT disruptions, threaten major change” (p. 177). Moreover, it is believed that AV technology has the potential to transform travel behavior—also including pedestrians—and thus, the city [55]. Hence, in light of currently available insights, forecasts, and speculations from the literature [56], we further elaborated some of the likely changes to the built environment and land uses of our cities—in the case of a widespread AV utilization scenario. Here, we note that some of these predictions are only speculations at this early stage. Some expectations for positive consequences on our cities, societies, and the environment might actually end up generating undesired externalities—or vice versa. Thus, we consciously omitted to group them under the opportunities and constraints categories. We have also not factored in the cost differences of mobility with AVs when compared to normal cars.



The Built Environment and Land Use: There are two opposing perspectives on how AVs will disrupt the built environment and land use. As stated by Stead and Vaddadi [57], the optimistic view predicts that “[t]he quality of the built environment will be improved (re-centralization or regeneration of inner areas, re-densification, land use changes to new green public areas, residential locations). [In this perspective,] AVs are seen as a way of promoting better quality of life in cities” (p. 126); while the pessimistic view suggests that “[t]he built environment will be reshaped to accommodate the needs of AVs and their users in preference to the needs of other social groups. AVs increase suburbanization or sprawl due to the comfort of trips” (p. 126).



Redistribution of Road Spaces: The road network is a major land use of any city, occupying between 25% and 35% of total land. Lanes, in both number and space, may be reduced, as many AVs will be narrower, require less space between vehicles, and will be capable of sharing opposite-direction lanes as available [58]. Here, note that claims like these AV design characteristics are just projections based on the best utilization of current technology and infrastructure. In addition, with the help of platooning technology, AVs are expected to operate more efficiently in road networks (e.g., reduced inter-vehicle distance) and free up some spaces, enabling city planners to allocate the freed spaces (e.g., extra lanes) for social and community infrastructures. Likewise, some highways may need to be turned into boulevards that are a more appropriate use for civic life [59]. These changes will help create a better quality road network designed to move people, not just vehicles.



Optimization of Parking Spaces: On the one hand, AVs will likely find cheaper parking options and are thereby likely to decrease the need for parking in urban cores. The main reason for this reduced cost is that AVs can travel without passengers, and as a result, they do not necessarily need to be parked close to the activity locations of passengers. Historically, parking cost is generally higher in the CBD (or in activity centers) and declines away from these destinations. Hence, it is most likely that parking facilities will be outside the urban core in distributed locations, and they will include daytime or overnight charging facilities at the parking lots. Depending on the location and business models, some of these parking facilities might be in the form of the multi-level parking as in Figure 4. As a result, the requirements to provide obligatory parking spaces in these high-value property areas will need a re-estimation [60]. Reduction in parking lots will transform inner-city areas, as unoccupied parking space will be used for other activities—such as parks or affordable housing. This transformation will allow further realization of mixed-use precincts to trigger the trend of downtown living, creating inner-city areas that are more functional and livable. Meanwhile, some AV charging lots in and out of the city might also be used as mobile office locations. On the other hand, there also exists a pessimistic perspective. Highlighted in a review by Stead and Vaddadi [57], “parking policies will remain as they are (i.e., AVs will use on-road parking spaces). A growth in AV ownership and use leads to an increase in demand for parking spaces in the city. Large numbers of collection/drop-off points are created in the city which add to the amount of space allocated for vehicles” (p. 126).



Redesigning Streets and Revisiting Building and Street Interfaces: With AVs, buildings in dense urban areas will have to become more adaptive to accommodate the flow as well as stoppage of vehicles. The buildings will need to be designed so that they can accommodate drop-offs and pick-ups to facilitate door-to-door services. The reason for this is that as AVs—particularly shared AVs—do not need to park as much as other cars, they will be doing more frequent drop-offs and pick-ups, and given the demand-driven nature of future transport rather than dedicated public transport stops, these vehicles will be willing to stop where possible. This increased stop and go activity will bring urban, transport, and building designers to redesign streetscapes. In other words, this changed behavior will support better formulation of streetscapes for an enhanced access for all users [61]. Furthermore, it will help shape the streetscape, in denser areas, to become more pedestrian friendly and truly complete streets—referring to balancing access of a street for all transport modes including pedestrians, bicyclists, motorists, and transit riders of all ages and abilities [62,63]. Better integration of land use and transport planning will help to come up with enhanced street design solutions [64,65,66].



Transforming Redundant Urban Spaces into New Land Uses: AVs will make some land uses obsolete—such as gas stations. AVs are, ideally, electric vehicles and charged at the charging stations located in parking spaces—that will most likely contain solar panels, which will serve dual purposes for the parked vehicles: provide shade and generate electricity [67]. There will be, thus, a rapidly decreasing need for gas stations as the number of electric AVs increase on the streets. These gas station locations may turn into other land uses to serve their neighborhoods—such as local corner shops or kiosks to collect goods purchased through online shopping.



Converting Redundant House Spaces in Suburbia: As a result of shared or pooled-shared AV services some people will give up private motor vehicle ownership [68]. This will have an impact on the parking and garage spaces in residential areas. Suburban home garages will be converted into private studios to be leased or rented for short-term lodging or turned into granny flats for accommodating a senior member of the family. Driveways will be turned into greened front yards, and cul-de-sacs may become a shared facility where children can play, and local inhabitants can walk and meet their neighbors—hence, contributing to the social capital of the local community.



General Decline of Settlement Densities and Increasing Urban Sprawl: AVs have the natural potential to create an induced urban sprawl—in other words, growth of low-density suburbs (Figure 5). AVs could trigger travel demand (necessary or not) particularly in high motor vehicle dependent societies [69]. They can result in more dispersed and fragmented land uses in the outskirts of cities [70]. This can occur when travel that is more effortless is seen as less of a burden and an invitation to travel more—unless legislators and planners act now. Optimization of accessibility of communities through better land use provision or allocation is required to discourage sprawl.



The Unequal Property Value Distribution, Development Controls and Supply: While the popular real estate slogan of location-location-location will still keep its relevance, AVs will disproportionately affect property values across a city [71]. Particularly, even though the travel time will increase, it may generate a reduced value of travel time—meaning that as there is no driving task or stress, travel time can be used for other activities. This will influence some people to relocate to suburban areas to enjoy a large lot with gardens. In contrast, urban areas might also experience density gain through land use optimization as discussed previously. As a result, urban growth management would be a key challenge to ensure that there is an adequate supply of land to meet the preferences of people without compromising the sustainability of urban areas.



The Environmental Impact of the Use of AVs: The intrinsic technical attributes of AVs appear to be largely favorable in the literature [72]. Moving away from fossil fuel-based energy in electric AVs (given energy is generated from solar, wind or so on) is a positive step to lower the environmental undesired externalities. This is particularly true for AVs’ potential for increasing ride-sharing and thus shift personal transportation from individually owned vehicles toward shared-use mobility services [73]. However, increased efficiency and effectiveness of the transport system, as a result of advanced autonomous driving technology, may lead to increased travel speeds and hence increasing greenhouse gas (GHG) emissions [74]. In other words, as stated by Miller and Heard [75], “[i]t is plausible that AVs could become more efficient and GHG emissions could decrease on a functional unit basis (i.e., per-passenger-mile), while overall transport-related GHG emissions increase as vehicle miles traveled (VMT) increase” (p. 6119). Increased mobility and travel convenience could lead to urban sprawl and a rapid expansion of the urban footprint—that is a contributor to the changing climate [76]. Besides the environmental harm of greenfield developments—converting green or agricultural land into urban land uses (Figure 6)—it induces additional GHG emissions due to long travel distance.



In support of the abovementioned aspects, Table 2 highlights some of the contrasting (i.e., optimistic and pessimistic) perspectives on the likely impacts of AVs on our cities and societies put together in the review study of Papa and Ferreira [77]. However, the gray tones or the mid views between the optimistic and pessimistic perspectives should be considered.




3.2. How Can Planners Mitigate the Built Environment and Land Use Disruption of Autonomous Vehicles?


AVs, the convergence of automation, electrification, and ride-sharing technologies, have the potential to substantially alter land use patterns of cities—as was evident during the automobile induced changes in land use patterns in the early 20th century. AVs are mobility technologies whose impact will be shaped by adoption practices, the planning profession and communities can shape implementation to lead to improved urban life, but AVs can also exacerbate many current problems [78]. For every dream held by a planner for AVs, there is also a nightmare. The desire for shared vehicles and reduced travel can be countered with the growth in zero passenger trips or the shift to AVs could cannibalize efficient public transport like subways and replace journeys with road transport. Nevertheless, how can urban planners mitigate the disruption of AVs on our cities and societies?



On that very point, Kane and Whitehead [54] warn us: “Urban transport disruptions present a unique challenge and opportunity for planners and policymakers to influence and shape outcomes for society. The role of urban planners and policymakers in future transport systems will become increasingly important as mobility disruptions start to radically transform transport systems. Without sensible and informed public policy, future urban mobility disruptions have the potential to lead to a series of non-optimal outcomes, of which some may result in transport systems functioning worse than they do at present” (p. 177).



Today, AVs are less of a discussion about ‘if it will be a reality’ but the discussion is more focused on ‘when it will be available’. Despite the technology being realized at a faster pace, city managers unfortunately remain unprepared in addressing the long-term disruption by the technology, and thereby the ability to exploit the short-term benefits. Planners need to focus on changing their planning models to incorporate the expected disruptive impact of AV technology, along with finding ways to intelligently re-use current land uses and buildings. Scott [79] suggests the following two practical guidelines that need to be integrated into current investigations and processes at the national, state, and local levels:

	▪

	
Advocating for a set of guiding principles for planners to follow, and;




	▪

	
Lobbying for funding to undertake specific further studies to develop aforementioned guiding principles and mitigation strategies.











4. Conclusions


In the age of smart urbanism, planning faces a perfect storm of disruptive technologies that includes AVs [80,81,82,83]. As Zakharenko [84] stated, self-driving cars will change cities. As discussed above, these changes are solely associated with the widespread adoption of AVs. It is also to be noted that some of these effects can partially be observed without AVs when a major shift in travel behavior occurs from personal mobility to shared mobility. For example, efficiency in road spaces is likely to be observed when the majority of people shift from the car to public transport. However, these efficiency gains are not due to the development in vehicle technology (e.g., platooning capability). This necessitates urban managers to prepare long-term strategies to manage the potential disruptions in cities. Despite that in recent years some planning scholars have turned their attention to this [18,85,86], there is very little consensus on what the disruptions will be and how they will be addressed. In the absence of clear directions, this viewpoint highlights how planners must deal with all changes together in a holistic response to technology. It advocates that planners should not be passive, but proactive agents who can harness the benefits and minimize the disadvantages of a new mobility landscape.



The challenges of new technologies have long been confronted and harnessed by urban planners [87]. However, what is essential to the process, first of all, is a need to be aware of technological change and engage with communities over the form and nature of change. What actually complicates this process is the limited social science scholarship on the impact of AVs on our cities and societies. The engineering literature is well developed, but the corresponding social science insights are only now emerging. However, as stated by Miller and Heard [75], further “research is needed to model the complex and dynamic nature of AVs, integrating technical, behavioral, and transportation design elements” (p. 6120).



An additional challenge for planners is that AVs are not an isolated technological change to be nested into existing communities, but are one of several major disruptions that need to be managed simultaneously. Planning faces a perfect storm of disruptive technologies that includes the impact of the internet (and digital revolution) on the nature of retailing, organization of work, and social interaction [88], plus growing affordability of locally produced solar and wind power, to be followed by AVs and innovations such as e-scooters. Planners must deal with all changes together in a holistic response to technology, perhaps also considering the wider environmental and economic effects of AVs that are not elaborated in this viewpoint.



Perhaps one of the first actions to be taken by planners is to engage in developing ‘what-if’ scenarios to define plausible ranges of outcomes to envision potential policies or designs that will reduce undesired consequences of AVs in our cities [89,90,91]. The literature focusing on the social impacts of AVs offers a typology for such scenarios. For instance, according to Stead and Vaddadi [57], these scenarios can be classified under the following four main types (p. 127):

	▪

	
Business as Usual: Reference scenarios that assume the continuation of one or more current trends (i.e., in mobility, urban development, and/or demographics), without the introduction of AVs;




	▪

	
Technology and Non-Shared: Scenarios that assume the introduction of AVs, which are either solely or predominantly individually owned and used;




	▪

	
Technology and Shared: Scenarios that assume the introduction of AVs, which are solely or predominantly shared, and;




	▪

	
Technology and Shared and Infrastructure or Policy: Scenarios that assume the introduction of AVs, which are solely or predominantly shared. Plus, supportive policies and/or infrastructures are introduced to actively promote the uptake and use of AVs.









In response to the AV challenges raised in this viewpoint for our cities and societies, the other important action items to be considered for the planning discipline and practice include, but are not exclusively limited to, the following:

	▪

	
Making an inventory of the short- and long-term effects of AVs and prioritize policy interventions accordingly;




	▪

	
Ex-ante evaluation or modelling of both the short- and long-term effects to identify the overall benefit/loss from AVs. For example, congestion relief could be a short-term effect of AVs. Such initial benefit may disappear in the long-run when AVs induce changes in land use patterns which consequently results in higher vehicle kilometers traveled (VKT), and;




	▪

	
Planning for the future based on the modelling outcomes. For example, saved road spaces can be released for alternative use or can be banked to facilitate movement in the future. Similarly, urban growth modelling with AVs allows planners to foresee future development trends, which will inform to prepare for infrastructure needed to facilitate growth (sprawl) or to formulate alternative growth management strategies.









Lastly, we conclude this viewpoint by quoting Stead and Vaddadi [57] that lucidly stress the critical role of planning, regulating, and policymaking for mitigating the disruptive impacts of autonomous driving technology: “Ultimately, the future role of AVs in influencing urban form and structure is not so much dependent on the technology and level of automation of vehicles but rather on the regulation of this technology and the governance of cities and regions” (p. 132).
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Figure 1. A metaphor for autonomous vehicles, 2019. A copyright free photo by Matheus Bertelli from Pexels, https://www.pexels.com/photo/forced-perspective-photography-of-cars-running-on-road-below-smartphone-799443. 
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Figure 2. Navigator system control panel of an autonomous vehicle, 2019. A copyright free photo by Bram Van Oost from Unsplash, https://unsplash.com/photos/oOCI35aIA3M. 
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Figure 3. An electric autonomous vehicle charging, 2019. A copyright free photo by Blomst from Pixabay, https://pixabay.com/photos/tesla-tesla-model-x-charging-1738969. 
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Figure 4. An exemplar parking space complex for autonomous vehicles, 2019. A copyright free photo by Pixabay from Pexels, https://www.pexels.com/photo/vehicles-parked-inside-elevated-parking-lot-63294. 
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Figure 5. Sprawling development of Los Angeles, 2019. A copyright free photo by StockSnap from Pixabay, https://pixabay.com/photos/la-los-angeles-aerial-airplane-926515. 
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Figure 6. Greenfield development, 2019. A copyright free photo by Public Co from Pixabay, https://pixabay.com/photos/suburbs-homes-neighbors-2211335. 
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Table 1. Levels of vehicle automation [49].
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Source

	
Levels of Automation




	
0

	
1

	
2

	
3

	
4

	
5






	
Federal Highway Research Institute (BASt)

	
Driver only (Level 0)

	
Assisted (Level 1)

	
Partly automated (Level 2)

	
Highly automated (Level 3)

	
Fully automated (Level 4)

	
-




	
National Highway Traffic Safety Administration (NHTSA)

	
No automation (Level 0)

	
Function specific automation (Level 1)

	
Combined function automation (Level 2)

	
Limited self-driving automation (Level 3)

	
Full self-driving automation (Level 4)

	
-




	
Society of Automotive Engineers (SAE)

	
No automation (Level 0)

	
Driver assistance (Level 1)

	
Partial automation (Level 2)

	
Conditional automation (Level 3)

	
High automation (Level 4)

	
Full automation (Level 5)
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Table 2. Diverse views on the likely impacts of AVs. Derived from [77].
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	Impact Themes
	Optimistic View
	Pessimistic View





	The built environment and land use
	The built environment will be seen as a place to live and experience quality of life. Mobility will be seen as something that should promote quality of life. These guiding principles will be unchanged in the face of pressures coming from enthusiasts of AVs.
	The built environment will be reshaped to accommodate the complex and ever-increasing needs of AVs and their users against the needs of other social groups.



	Environmental sustainability
	The development and implementation of AVs will be regulated considering strong environmental concerns.
	AVs will be developed and implemented with little concern for sustainability. Marketing campaigns will distract people from environmental issues and focus their attention on individual benefits associated with automated transport.



	Parking
	Parking policies will facilitate the conversion of no longer needed parking places into new recreational, green, and building areas, or into transport infrastructures for active modes of transport.
	Parking policies will remain as they are, that is, when not in use AVs will use on-road parking spaces and existing parking areas that consume highly desirable land that could be used for more sustainable or social purposes.



	Vehicle sharing
	AVs will not be primarily advertised and sold as private property for those who can afford it. Instead, the notion of automated car sharing will be promoted from the start.
	AVs will be promoted by developers as private property for the elites who can afford them. It will be seen first as a luxury item and this will create negative path-dependency during several decades.



	Public transport
	Public transport services will be protected and sponsored by National and Local policies so that the (probable) high appeal of AVs does not exclude these public services from the transport system.
	National, regional, and local policies focus on AVs too much and fail to support public transport providers against the competition represented by AVs. As a result, public transport becomes increasingly marginalized and ceases to operate in a growing number of places.



	Social exclusion
	The use of AVs will be open to a vast share of the population due to policies aimed at fighting social exclusion potentially induced by transport automation. Measures will be considered to avoid the creation of circumstances where AVs become compulsory replacements for conventional homes as people will not be able to pay for a car and a house mortgage.
	The use of AVs will be exclusive to those with the ability and willingness to pay for what will be considered a privileged mode of transport. Conversely, vulnerable societal groups will be encouraged to use AVs as a place to live and travel under constant scrutiny.



	Transport network design
	Transport networks will be designed in ways that will be safe for all. In urban settings there will be great care to provide for the needs of sustainable transport modes.
	Transport networks will experience massive restructuring to accommodate the unique needs of AVs. Other transport modes will not see a comparable level of protection and investment.



	Inter-modal traffic regulations
	AVs will be programmed to respect unconditionally all forms of human life. Instead of focusing on which lives should be saved in the case of accidents involving AVs, the focus will be on changing traffic regulations to make accidents less likely (e.g., through lower speeds). Pedestrians and other vulnerable road users will be protected by the spirit of the law.
	The debate on inter-modal traffic regulations will focus on the value of human lives when considering characteristics of individual road users. First these characteristics will be age and probability of survival, but later on will be characteristics such as income, quality of insurance coverage, citizenship status, and criminal record. The rights of users of AVs will be protected by the spirit of the law.



	Automated cooperation
	The operating systems of AVs will be programmed using as guidelines cooperative, altruistic, and ethical principles.
	The operating systems of AVs will be programmed using as guidelines competitive, aggressive, and defensive principles.



	Network information systems
	Investments will be made so that all AVs can use network data to make more sustainable and efficient decisions regarding route choice and parking at a fleet level.
	There will be little to no developments dedicated to co-creating public information systems that will facilitate overall efficiency and sustainability at fleet level and as a result vehicles will be equipped (or not) with information gathering devices based on the willingness and ability to pay of their users.



	Sensitive data management
	Personal data and all forms of information that might be used against individuals or organizations will be carefully managed or not recorded, and always with the purpose of providing for the needs of vulnerable individuals or in the name of the public interest.
	Growing quantities of data will be stored and used for commercial or societal control purposes. AVs will be understood as data extraction devices, making it compulsory for their users to reveal increasingly larger and more sensitive private information.
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