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Abstract
Recent decades have seen rapid development in transport technologies. One of the exciting developments is the advent of autonomous vehicle technology, which promises to change the way people and goods are transported. Autonomous vehicles are widely expected to increase accessibility for people with limited mobility, reduce demand for off-street parking and increase road safety and capacity. While the development of autonomous vehicle technology may yield substantial economic, social and environmental benefits, we note several potential barriers to their use on New Zealand roads, including compatibility of road infrastructure, compatibility of regulatory frameworks and users' imperfect understanding and interaction with the technology. 

The development of autonomous vehicles seems likely to affect transport and land use broadly, with key themes being: autonomous technology will initially be applied to freight and public transport vehicles; non-car transport modes will continue to support New Zealand's transport system; and the nature of parking demand will change. While the potential benefits of autonomous vehicles are vast, their uptake in the short to medium term may not be as rapid as is widely expected. The following phases in the adoption of autonomous vehicles are expected to be observed:

Phase One, 2018-2040: Autonomous vehicles remain relatively expensive; public perceptions shift; regulations are updated.

Phase Two, 2041-2055: Private autonomous motor vehicles become more affordable; autonomous car share and autonomous public transport become common; vehicle ownership rates begin to decline.

Phase Three, 2056-2070: Non-autonomous vehicles rarely used for private travel; public transport services continue to support cities; large-scale off-street parking infrastructure is repurposed.

While the actual adoption of autonomous vehicles is likely to vary from these expectations, it is clear that it will be important for autonomous vehicles to become part of an integrated transport network.
1 Introduction

The ongoing development of autonomous vehicle technology promises to change the way people and goods are transported in New Zealand. The purpose of this research is to consider potential implications of autonomous vehicles and to introduce the idea that a proactive approach to designing technology policy and infrastructure developments is the best way to advance the adoption and influence of autonomous vehicles in New Zealand.
(Fully) autonomous vehicles are vehicles that are capable of safely driving in all conditions without requiring a human supervisor to be present, while semi-autonomous vehicles usually have limited autonomous features, such as adaptable cruise control, steering assistance or autonomous parking. By removing the need for a human driver, fully autonomous vehicles are widely expected to (Fagnant & Kockelman, 2015; Sun et al., 2017):

· Increase accessibility: without the need for licenced human drivers, transport for young, elderly and mobility impaired people will be easier and less dependent on others;
· Increase road safety and capacity: with increased ‘vision’ and reduced reaction times, autonomous vehicles can travel faster and be more responsive to their environment;
· Reduce the cost of transport services: by eliminating labour costs and shift / driver break constraints, autonomous transport service providers can significantly reduce costs; and

· Reduce demand for off-street parking: with autonomous vehicles capable of returning ‘home’ rather than paying for expensive parking in high-demand areas.

While these advantages may yield substantial benefits, we note several potential disadvantages, which may result if the transition to autonomous vehicles is not controlled, causing autonomous vehicles to simply replace the function of existing private motor vehicles: 

· Increased vehicle kilometres travelled: autonomous vehicles which return ‘home’ between pick-up / drop-off as well as those which are sent on ‘empty’ errands will travel much further than if a human was required to be available to drive them; 
· Increased congestion: empty vehicles completing unproductive travel (e.g. returning ‘home’ to park) will unnecessarily increase congestion; and
· Increased pressure on infrastructure: as congestion increases, infrastructure may have to be upgraded to increase capacity, even if there are no productivity benefits.
This paper reviews the existing autonomous technology, the barriers for adoption of autonomous vehicles and the hype around autonomous vehicles. Following this is a forecast for the adoption of autonomous vehicle technology in New Zealand and some suggestions on how New Zealand might best prepare for the wide-spread introduction of autonomous vehicles on our roads.
2 Existing Autonomous Technology
Technological developments have continuously made vehicles safer and easier to drive. Nowadays, seatbelts, airbags, power-steering and anti-lock braking systems are standard features for most vehicles and are largely taken for granted. More recent developments have introduced driver-assist and semi-autonomous features. 
2.1 Autonomous features
Driver-assist features are features that provide the driver with additional information for decision making, but do not replace the driver in any scenario. In recent years, driver-assist features have become commonplace on many new vehicles. Examples of driver-assist features include:

· Lane detection, notifying the driver if they deviate from their lane;

· Parking sensors, alerting the driver to obstacles near the vehicle; and

· Adaptive cruise control, to control speed while maintaining a safe following distance. 

Semi-autonomous features have been introduced even more recently on many luxury cars, allowing the vehicle to operate autonomously in certain scenarios, such as autonomously parallel parking and autonomously driving on highways for short periods of time. Currently, semi-autonomous vehicles under autonomous operation monitor the vehicle’s speed, environment and collision potential and alert the driver if anything unusual is detected.
2.2 Levels of autonomy
Vehicle automation can be classified into five levels based on whether a human or the vehicle is in control. Table 1 shows the levels of autonomy, and the criteria for determining a vehicle’s level of autonomy based on which elements are controlled by a human and which are by the vehicle.

	Level
	Speed
	Steering
	Control
	Responsibility

	0 – No automation
	
	
	
	

	1 – Function-specific automation
	
	
	Human
	

	2 – Combined function automation
	
	
	
	

	3 – Limited self-driving automation
	
	Vehicle
	
	

	4 – Full self-driving automation
	
	
	
	


Table 1: Levels of vehicle autonomy (Ministry of Transport, 2016a)
Many luxury cars in New Zealand are currently capable of level two autonomy on some roads. To advance to level three requires the vehicle manufacturer to remove the requirement for constant human supervision yet provides that the human driver will continue to be responsible for the car’s actions. Level four is full automation, which requires a vehicle to be responsible for operating in all conditions and does not require a human to be present in the vehicle at all.
2.3 Vehicle communication technology
Vehicle-to-everything (V2X) technology is another development whereby a vehicle’s speed, steering position and braking status is broadcast and can be received by other V2X vehicles and infrastructure nearby. V2X technology is expected to be instrumental in fully realising the benefits of autonomous vehicles for several reasons (Sun et al., 2017):
· V2X establishes communication between vehicles and infrastructure to share conditions at upcoming traffic signals, railway crossings and motorway ramps; 

· V2X communication increases the ‘vision’ of autonomous vehicles to include the range of surrounding vehicles, improving safety and enabling even faster travel speeds; and
· V2X allows vehicles to connect and create ‘platoons’, so that vehicles can travel closely together at high speeds.

3 Hype around Autonomous Vehicles

Autonomous vehicles are widely expected to revolutionise the way we transport goods and people, and how we design and live in cities (Alter, 2016; Martinez, 2015). This section reviews some common popular opinions on the effect of autonomous vehicles and comments on relevant considerations for each of the opinions. 
3.1 Private autonomous vehicles will replace all other transport modes
Some commentators expect private autonomous vehicles will replace all other transport modes; Slater (2016) predicts that private autonomous vehicles will out-compete other transport modes, while a local official in Florida claimed that driverless vehicles would eliminate the need for any public transport in the future (Jaffe, 2015). While private autonomous vehicles seem likely to offer a fast, efficient and productive way for people to travel, they are unlikely to have all the necessary features to create an efficient transport system without integration with other modes of transport. 
Martinez (2015) analysed the effects of various future scenarios with driverless vehicles. In a scenario where driverless taxis were used without supporting high-capacity public transport networks, traffic on city roads more than doubled, giving rise to crippling congestion. 
As part of this research, we conducted our own analysis into the impact of converting all commuters to private autonomous vehicles (details are provided in the Appendix). The results of our calculations showed that by 2043, the number of vehicles in Auckland city centre would double compared to current levels! Furthermore, these calculations ignore the additional impact of induced demand of private autonomous vehicles and ‘out-of-service’ empty vehicle travel which will lead to even more congestion on city streets (Sun et al., 2017).
The streets in Auckland are already at capacity during peak hours, and due to the existing built environment and infrastructure there is limited capacity to upgrade streets to provide more road space. However, some capacity gains are achievable from the reduced headways and increased travel speeds of a fully autonomous network alone; preliminary analysis suggests that these efficiencies could account for an increase in highway capacity of around 80%, and an increase in urban road capacity of about 40% (Friedrich, 2016). This potential increase in capacity is much lower than would be required for the expected 100% increase in vehicle traffic on urban roads if autonomous vehicles were to fully replace all other modes. This clearly demonstrates the position of The International Association of Public Transport (2016) that “shared autonomous fleets … are not a substitute for public transport, primarily as they lack the capacity to cater for the sheer volumes required in densely utilised urban spaces” (p. 6). 
3.2 Public transport will not evolve to utilise autonomous technology

Much analysis of autonomous transport options assumes that private motor vehicles and taxis will become autonomous, while public transport will not evolve to exploit the advantages of autonomy. Some unique barriers to autonomous public transport vehicles, fleets and networks include:

· Public transport vehicles are expensive to replace and often require government funding;
· Public transport services can be regulated to higher safety standards than private vehicles; and
· Governments are generally risk-averse and may avoid adopting new, risky technology when the benefits are not easily quantifiable.

However, while these barriers may delay the adoption of autonomous public transport, they are not unmanageable to overcome. The incentives for autonomous public transport services include reduced costs and the elimination of scheduling constraints imposed for the health and safety of drivers. Furthermore, autonomous vehicles create the potential to provide more frequent services at lower costs and better integration between autonomous shuttles and rapid public transport services, incentivising more patronage.
Public transport services around the world are already utilising autonomous technology, particularly in access-controlled environments, such as rail and dedicated busways. As autonomous technology develops and becomes more reliable, autonomous public transport is likely to naturally progress into mixed traffic routes. Automation of public transport has already begun in New Zealand, with a trial of driverless shuttles that began in 2017 at Christchurch Airport.

Analysis by Petrik and Martinez (2017) considered how the deployment of Mobility as a Service (MaaS) transport planning systems in Auckland could support more sustainable forms of transport. Their research and simulation model indicate that the use of shared mobility services as feeders to public transport increases the accessibility of public transport, so that it can service more people.
3.3 People will stop walking and cycling

Slater (2016) claims that private autonomous vehicles will replace walking and cycling entirely. Claims such as this typically ignore the evidence that many people choose these modes for their associated time, cost and health benefits. While these benefits are internalised to individuals, some of them will also likely accrue to government in the form of avoided health costs. Councils are also likely to continue to encourage active modes, as they have been accepted as ways to make towns and cities more liveable and accessible while reducing local pollution (NZ Transport Agency, 2016).

3.4 No-one will own their own vehicle

Many proposed scenarios for the future of transport presume that most people will not own private motor vehicles, instead relying entirely on car sharing fleets (Alter, 2016). Possibly the greatest benefit of autonomous car sharing fleets is their potential to offer door-to-door transport without the hassle of parking and walking from your private motor vehicle. 
A survey conducted by Petrik and Martinez (2017) highlighted the strong private car culture in Auckland. While many respondents were interested in utilising potential shared mobility services, they would still need to have their private motor vehicle available to them. Additionally, despite the benefits of autonomous car sharing fleets, many people’s lifestyle will still be enhanced by owning a private motor vehicle (Litman, 2017). Such people include those who store tools in vehicles, people who live rurally and families. 
The introduction of autonomous car share fleets along with MaaS transport planning systems will encourage multi-vehicle households to reduce the number of vehicles they own; however, it is expected that there will continue to be many privately-owned vehicles in the foreseeable future.

3.5 No carparks will be required in dense areas

Autonomous vehicles are widely expected to have major implications for the distribution of parking resources. It seems reasonable to suggest that autonomous vehicles will be able to be parked more efficiently and in more remote locations than is currently required (Alter, 2016). However, the relocation of parking to remote locations will increase “out-of-service” running time and costs and will increase congestion along some corridors, thus discouraging the relocation of parking facilities.
Although these factors may prevent the relocation of parking facilities, the composition and volume of parking demands is expected to change significantly. Shared autonomous vehicles (both public car share vehicles and private peer-to-peer shared vehicles) are likely to be used throughout the day, spending less time parked in off-street facilities. Some off-street parking facilities will still be necessary for the inter-peak parking requirements of shared vehicles and general parking for private motor vehicles. 
3.6 Should you believe the hype?

While these popular opinions may be disputed, they should not be fully disregarded. The foundations for these claims are all grounded in fact. For example, autonomous vehicles are likely to replace some share of transport that is currently completed by other transport modes; public transport can be slow to adopt new technologies; and people generally do not walk and cycle as far when there are faster, more convenient modes of transport available. Section 4 outlines an expectation of the adoption of autonomous vehicles using previous motor vehicle adoption trends. 
4 Barriers For Autonomous Vehicles

While autonomous vehicle technology has improved rapidly in previous years, there are still some barriers to its adoption, which need to be overcome.
4.1 Incompatible infrastructure

[image: image1.png]


Autonomous vehicles generally rely on road markings to position the vehicle within its lane. Road markings on sealed surfaces are subject to wear and tear over time, while unsealed roads do not have road markings at all. Figure 1 highlights New Zealand’s unsealed roads that cannot hold road markings; these make up 30% of New Zealand’s roads (NZ Transport Agency, 2017). This image indicates that much of rural New Zealand will be inaccessible with autonomous vehicles. 
Unless autonomous technology develops to no longer rely on road markings, New Zealand may need to increase the use of roadside marking posts and / or invest in sealing and maintaining more roads to ensure rural areas remain accessible. 
4.2 Outdated regulatory frameworks

Outdated regulations that do not consider autonomous technology may delay the adoption of autonomous vehicles in New Zealand. Sun et al. (2017) recognise that the public’s concerns about liability and control will likely take some time to overcome, while Pinto (2012) comments that updating technology policy and legal considerations can advance autonomous technology, rather than hindering it.
In the case of a crash, prevailing regulations in most countries hold the vehicle’s ‘driver’ responsible. New Zealand regulations do not explicitly require a human to be operating a vehicle (Ministry of Transport, 2016b), and it is unclear who would be held responsible in an accident caused by a vehicle driving autonomously – would it be the vehicle’s occupant or owner, or the manufacturer or software supplier? 

Most vehicles that currently offer semi-autonomous modes operate as level two autonomous vehicles (see Table 1), thus assigning overall control and responsibility to the human driver. Most commentators agree that it is unreasonable for an individual to be liable for the actions of the autonomous vehicle that they are mere passengers in (Pinto, 2012; Sun et al., 2017).

4.3 Public support and awareness

Releasing autonomous technology before it is capable of safely navigating all reasonably expected scenarios could damage public perception, especially if there are injuries or fatalities to passengers or pedestrians caused by a lack of capability of an autonomous vehicle. Such accidents will be heavily criticised by the media, even if the overall accident rate of autonomous vehicles is lower than for human drivers. 
Lack of consumer awareness also creates opportunities for avoidable accidents to occur. While most existing (semi-) autonomous technology requires constant interaction from the human driver, people often overestimate the capabilities of autonomous technology, which can itself cause accidents that are incorrectly blamed on the autonomous technology. 
Users need to be aware of the capabilities of autonomous technology, so they can safely benefit from its use, without jeopardising the safety of themselves or others. Sun et al. (2017) identify the importance of education and exposure to encourage positive attitudes by the public, which will help to drive the adoption of autonomous technology. Having complete data on relative crash rates over time of autonomous vehicles compared to human-driven vehicles will help to dispel misperceptions regarding trust and safety of autonomous vehicles.
5 The Future with Autonomous Vehicles

There is a lot of speculation about how autonomous vehicles will impact how we live and travel in the future. Three stages of the adoption of autonomous vehicles are commonly considered, although are often not explicitly defined: 
· Phase One: Introduction of level four autonomous vehicles to the public, with increasing availability of autonomous features on vehicles;

· Phase Two: Fully autonomous vehicles available at a low additional cost, and fully autonomous cars increase in popularity; and

· Phase Three: Fully autonomous vehicles become standard, and land use changes because of cheaper and faster travel options.

Many papers discuss these milestones for the development of autonomous vehicles and offer estimates for when they will be reached. This paper offers an estimate for how long it might take to reach these milestones, based on research and experience, along with supporting reasons for the estimates. While these expectations might seem to cover an unreasonably long period, it is important to cover the same span of developments as is promoted by other discourse. It should also be noted that cultural shifts and accelerated development of infrastructure will alter this forecast, and it is therefore an estimation based on current developments and approaches.
5.1 Uncertainties in forecasting technology developments

Before proposing an estimate of the transition towards autonomous vehicles, it is important to realise that there are many factors that could accelerate or delay the development and adoption of autonomous vehicles. This is true with all technological developments and is the reason for such variation in estimations of adoption periods. 
Previous advances to vehicle technology that improved the safety or experience of driving include air bags, automatic transmission and optional GPS services. These features have taken 15-50 years to saturate the market (Litman, 2017). Automatic transmission took 50 years to reach 90% market saturation in the U.S.A. The transition from human-driven to autonomous vehicles has similarities to the transition from manual to automatic transition, in regards to the loss of control of the human driver; this sets a baseline of 50 years for the deployment time of autonomous private vehicles (Litman, 2017). However, this does not consider the strong underlying economic motivation for autonomous vehicles which did not exist for automatic transmissions. This may provide a major stimulus for a much quicker uptake of the technology compared to previous technologies in the industry.
Factors identified as being likely to accelerate or hinder the development and transition of autonomous vehicles includes: technological challenges / innovations, changes in hardware costs, government incentives, fleet purchasing policies of major organisations, regulation changes and changing consumer preferences. The full timeline proposed below is expected to vary by up to 20 years based on variations in the aforementioned factors.
5.2 Phase one, 2018 – 2040

The first phase of the autonomous vehicle revolution begins when level four private autonomous vehicles have completed rigorous testing and become publicly available for purchase; manufacturers expect this to occur in 2018. This target is considered to be ambitious, given the high-risk nature of the industry and the potential for fatal vehicle accidents, which would result in diminished public support for the technology. Once released, initial purchase rates will likely be low, due to high costs, limited exposure of consumers to autonomous technology and uncertainties regarding operational, liability and insurance regulations (Fanant & Kockelman, 2015; Litman, 2017; Sun et al., 2017). Based on the fast pace of development and the priority placed on developing autonomous technology, autonomous features can be expected on most new private motor vehicles for a moderate additional price by 2030 (Litman, 2017).
As private autonomous vehicles become more affordable, the autonomous car share industry will grow, however many consumers will likely still be cautious of autonomous technology, due to lack of exposure and experience with it. Driverless taxis are likely to initially be accompanied by licensed human drivers to reduce anxiety for first-time users, while future ‘luxury’ taxi services may continue to provide human chaperones to assist passengers with supplementary needs. As autonomous car shares become more common and their coverage of urban areas increase, they are likely to provide a competitive alternative to privately-owned motor vehicles, causing some people to choose not to replace their own outdated vehicles. 
Throughout the short-term phase, autonomous technology will become safer and more reliable, and public transport agencies will look to autonomous public transport vehicles to provide their services. (Christchurch Airport has already begun trials of driverless shuttle buses on private roads.) The transition to a fleet of autonomous public transport vehicles will likely be slow, due to the higher capital investments of the large vehicles, and the gradual fleet turnover process used by most transport agencies, demonstrated by the average age of buses in New Zealand being nearly 17 years old (Ministry of Transport, 2017). 
By 2040, it is expected that a range of models of private autonomous vehicles will be available to purchase and will have reduced in price since their initial introduction. Autonomous car share fleets will likely be widely accepted and used, and autonomous public transport will have been introduced, although may not be implemented widely. The proportion of travel completed by autonomous vehicles will continue to increase and private autonomous vehicles will become increasingly common.
5.3 Phase two, 2041-2055

By phase two, autonomous features should be available on new private motor vehicles at a low extra cost, and therefore many new vehicles purchased will be fully autonomous. New Zealand’s vehicle fleet will likely have reduced in the medium term, as the availability and convenience of autonomous car share become widely available through developments in the area of MaaS.

As competition in the autonomous car share industry grows, shared autonomous vehicles will likely become common and will provide a relatively cheap transport option for people and goods. Autonomous shared cars will likely be readily available on-demand in dense urban areas, providing more flexible and affordable transport to people who do not own a car. Although market penetration is expected to be less than 50% (Litman, 2017), the proportion of vehicle-kilometres travelled is expected to be much greater due to the higher replacement rate of high-use vehicles. 

Public transport, both autonomous and non-autonomous, will continue to provide a low cost, high capacity travel option for many people, and active modes of transport will continue to be promoted by local governments and councils for their health benefits, more efficient use of road space and reduced impact on road surface degradation. MaaS will promote the use of shared cars and other modes for connecting to rapid public transport stations. Assuming autonomous public transport investments and trials begin early, public transport is expected to be mostly autonomous by around 2050. Reduced labour costs and operational constraints (due to shifts and break requirements) will allow the frequency of services to be increased and / or fares to be reduced. 

As autonomous car share services and public transport are better able to meet people’s private transport needs, the rate of vehicle ownership is likely to decline, and the size of New Zealand’s vehicle fleet will noticeably reduce. The changes to people’s transport modes may reduce the requirements for on-site parking provisions from retail and intensive residential accommodation providers. 

5.4 Phase three, 2056-2070

By 2056, most new private motor vehicles are expected to be fully autonomous. As the proportion of travel completed by autonomous vehicles increases, some benefits of fully autonomous transport networks will begin to be realised, such as increased road capacity and faster travel times. 
As car share and public transport fleets become fully autonomous, the full cost savings and service improvements will be realised, and they will likely service most people who predominantly travel in dense areas. However, there will continue to be many people who own private motor vehicles, and due to the lower marginal cost of additional journeys, will continue to use their own vehicle for most travel. 

A side-effect of the decrease in human-driven vehicles will be the increased safety of walking and cycling, which may increase the number of people cycling on roads. This is evidenced by an Auckland survey, which found that one of the largest barriers of ‘would-be’ cyclists is the perceived safety of cycling (Auckland Transport, 2016a). 

A consequence of the expected increased utilisation of shared vehicles, public transport and active modes is the reduction in the requirement for parking infrastructure. The repurposing of parking infrastructure into residential or office spaces would increase the number of people living and working in already dense areas, further increasing the importance of high-capacity public transport services in these areas. 

6 Preparations for Autonomous Vehicles

The research presented above outlines a number of barriers to the adoption of autonomous vehicles, while the forecast in section 5 gives some perspective on the timeframe of autonomous vehicle adoption. The impact of autonomous vehicles on the way we travel through, live in and design cities will be determined by how quickly policy-makers and designers prepare for and adapt to autonomous technology. In order to unlock the potential of autonomous vehicles, it is important for transport planners and developers to consider and promote developments which will support the integration of autonomous vehicles into cities. This section presents how preparations can be made to facilitate the transition to autonomous vehicles, while providing benefits independent to the introduction of autonomous technology.

6.1 Road infrastructure

Implementation of V2X communication devices (described in section 1.3) on traffic infrastructure could enable sharing of information about traffic light signals, oncoming trains at railway crossings and upcoming obstructions or delays on the road. This information can be used to drive more safely and efficiently and would therefore benefit both autonomous vehicles and the human drivers of vehicles with V2X technology. 

Additionally, road markings and signs should be updated and maintained to ensure they are clearly visible to both human drivers and autonomous vehicles.

6.2 Liability policy
There is large uncertainty, and some speculation, surrounding the assignment of liability in the event of an accident involving an autonomous vehicle. Updated regulations that explicitly consider autonomous vehicles would provide clarity, transparency and confidence for the occupants regarding their obligations and responsibilities when travelling in autonomous vehicles. This would promote rather than delay the transition to autonomous vehicles. 

6.3 Vehicle licensing

It may also be beneficial to implement vehicle licensing requirements to ensure that vehicles operating autonomously on New Zealand roads comply with the road rules and safe driving practices reliably. Some states in the U.S.A. have enacted legislation regarding licensing and restrictions for autonomous vehicles (Fagnant & Kockelman, 2015; Pinto, 2012). Updating vehicle testing regulations should ease the transition to autonomous vehicles and increase confidence among the public that these vehicles meet independently set and monitored standards. 

6.4 Integrated transportation system
The research and analysis presented throughout section 2 indicates that public transport, walking and cycling will continue to provide important transport connections in the future. As such, the design of infrastructure supporting these modes should consider how they will integrate with autonomous vehicles in the future. The integration of all modes of transport will provide the greatest benefits to the public.

6.5 Shared mobility services and public transport networks

The following investments in the space of shared mobility and public transport networks are expected to best take advantage of the benefits of autonomous technology:

· Trial autonomous public transport as soon as feasible, allowing fare and service benefits to be recognised early;

· Implement drop-off facilities at public transport interchanges, which could be used with current vehicles and would likely be heavily utilised by fully autonomous vehicles; and

· Encourage the development of MaaS to encourage car share users to integrate with public transport.
6.6 Congestion management

Congestion is currently a challenge for many large cities, and the advent of autonomous vehicles is likely to increase vehicle-kilometres travelled and traffic volumes, particularly with empty vehicles travelling between collection points rather than terminating at their destination. Road pricing, such as a congestion charge, could be applied to autonomous vehicles, disincentivising unnecessary travel while not limiting productive travel. 

6.7 Parking infrastructure

Some actions which would facilitate and regulate the changes to the nature of parking requirements include:
· Remove / reduce minimum parking requirements for new developments;

· Adopt demand-responsive parking management strategies (e.g. demand-dependent dynamic pricing); and

· Require new public parking infrastructure to be compliant with building and housing regulations to ease future adaptations from parking into commercial or residential buildings.

7 Conclusions 
Autonomous vehicles will change the way people and goods travel throughout New Zealand and the world. They are expected to increase mobility and road safety and reduce the cost of transport. A proactive approach to designing technology policy and infrastructure developments is necessary to advance the adoption and influence of autonomous vehicles in New Zealand.

In response to some of the popularised hype about the effects of autonomous vehicles, this research suggests that private autonomous vehicles are incapable of replacing all other modes of transport; (autonomous) public transport will continue to benefit constrained corridors by providing high-capacity transport; and that some individuals will continue to own private motor vehicles. 
Some barriers to the use of autonomous vehicles in New Zealand are identified, including the vast network of rural roads without road markings, potentially outdated policy regulations and the necessity of public support for the transition to autonomous vehicles.
Based on expected barriers and adoption rates, the shift towards autonomous vehicles in New Zealand is expected to follow this proposed timeline:
· 2018-2040, Phase One: Introduction of fully autonomous vehicles to the public, with increasing availability of autonomous features on vehicles;

· 2041-2055, Phase Two: Autonomous features available at a low cost, and fully driverless cars increase in popularity; and

· 2056-2070, Phase Three: Autonomous features become standard on new vehicles, and land use changes because of cheaper and faster travel options.

To ensure that autonomous vehicles support cities, it is recommended that V2X technology is implemented on infrastructure across the street network; liability and vehicle licensing regulations are updated; and infrastructure is developed to promote the integration of various transport modes.

The impact of autonomous technology on how we travel will be determined by the preparations made in advance of the wide-spread adoption of autonomous vehicles. If infrastructure is designed to provide opportunities for the integration of shared autonomous fleets and rapid transport networks, the potential benefits offered by autonomous vehicles can be best capitalised. However, failure to adequately prepare for private autonomous vehicles will likely result in their use as replacements for current private motor vehicles, with one of the largest outcomes being increased congestion from unnecessary additional travel. 
8 Appendix

As part of this research, we conducted our own analysis into the impact of converting all modes of commutes to private autonomous vehicles. We considered the following facts, assumptions and calculations:

· In 2012, 23% of morning peak-hour commutes across all of Auckland were non-car based (Auckland Council, 2012).
· By 2017, we assume that 30% of morning peak-hour commutes into Auckland CBD used non-car based modes, based on:
· The average monthly public transport patronage increased from 5.8 million trips in 2013 to 7.6 million trips in 2017 (Auckland Transport, 2017a); 

· The average monthly cycling count increased from 130,000 in 2013 to 150,000 in 2017 (Auckland Transport, 2017b);

· Thus, there is an increase of 30% in public transport and cycling from 2013 to 2017. When applied to the 23% non-car based mode share in 2012, this equates to approximately a 30% non-car based mode share in 2017. 

· The average morning peak-hour traffic flow into Auckland CBD in 2016 is 17,843 motor vehicles (Auckland Transport, 2016b), representing 70% of morning peak-hour commutes, based on the above point.

· Therefore if 100% of commutes were completed by private motor vehicles, this would increase to 25,490 vehicles.

· By 2043, Auckland’s population is expected to increase by over 45% compared with 2016 (Statistics NZ, 2016).

· Thus by 2043, 37,000 private motor vehicles would need access to Auckland CBD, compared to less than 18,000 currently congesting these corridors. 
· A complete conversion to private autonomous vehicles would more than double the current vehicle numbers on Auckland roads, which is unsustainable, even with the increased capacity of a full fleet of autonomous vehicles.
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