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Abstract
Rapid progress has been made in the development of driverless vehicles. Governments have begun the legislative and engineering process to enable their introduction. This paper describes the impact driverless vehicles may have on traffic congestion. 

This study has found that under the current transport policy and pricing environment, it is likely driverless vehicles will exacerbate congestion, for the following four reasons. Firstly, people who are too young or old to drive will be able to summon cars. Secondly, pooled driverless cars (multiple, independent passengers) will be used as a replacement to trips formally taken by public transport. Thirdly, occupants will be able to engage in other activities, which may expand their travel time budget. Finally, cars may be able to drive without occupants, leading to ‘empty miles’ where a car is sent back by their owner, and summoned again to pick them up (doubling the distance travelled).

This paper proposes the scrapping of vehicle registration fees and fuel excise, and replacing these fixed costs with a variable, network wide, GPS based road user charge. Such a system offers users the pricing signals required to manage demand and provides governments with a more effective tool to manage the efficient use of their network. Moreover, the road user pricing described in this paper provides government with a transparent method of capturing the revenue that will be lost to lower fuel excise income as the vehicle fleet begins its transition to electric motors. Finally, it is concluded that revenue from this policy could be used to increase sustainable mobility options, helping to reduce car dependence in Australian cities.
1. Introduction

This section provides a outline of the currently problems associated with car dependent transport planning relevant to the emergence of driverless vehicles and potential congestion impacts. As the problems of car dependence have been extensively covered elsewhere (e.g. Newman & Kenworthy 2011), this section is only intended to provide a concise introduction before describing the specific proposal of this paper, a road user pricing strategy. This paper is written with a focus on the Australian city, and a particular emphasis on Melbourne, however the concept is applicable to any city. 
Although rates vary (by city and by location within city), around 75% of Australians use the car as their mode of travel to work (Australian Bureau of Statistics 2012). In some outer suburbs, it is common for 90% of residents to use their car as their primary means of travel to work, and these trips are longer than inner city commutes (Australian Bureau of Statistics 2012).

1.1. Energy and space inefficiency

Urban car use lacks efficiency (Givoni & Banister 2010; Hickman & Banister 2014; Newman, Beatley & Boyer 2008). The internal combustion engine convert only 20% of the energy burned into forward propulsion. This combined with the fact that the average vehicle during the peak weekday period contains around 1.2 occupants (Loader 2016) meaning over 90% of the total weight is the vehicle itself, not the occupants. This means only 1 – 2% of the fuel burned actually provides forward propulsion of the vehicle’s occupant/s (llich 1973). 

In addition to this energy inefficiency, current car use in cities is also space inefficient. Australian cities are becoming denser (Loader 2015a), albeit from a low base, relative to European and Asian cities. As urban consolidation continues to increase, there is less space per person. The space inefficiency of private motor vehicles is captured in Figure 1, which shows the number of people that can travel through a 3.5 metre lane in an hour.

Figure 1: Capacity of 3.5 wide road, different modes
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Source: United Nations (2013)
Congestion is estimated by the Commonwealth Government to cost $15 billion per year (Department of Infrastructure and Regional Development 2014), with Melbourne’s estimated congestion cost rising from $3 billion to $6.1 billion between 2005 and 2020 (Bureau of Transport and Regional Economics 2007). As Jarrett Walker argues in the Washington Post (Walker 2016) ‘cars don’t work well in cities, and the reason is simple: 1) A city is a place where people live close together, so there’s not much space per person. 2) Cars take up a lot of space per person. 3) Therefore, cities quickly run out of room for cars’ (Walker 2016). The three distinct options cities are presented with, according to Walker are: 1. Stop growing; 2. Widen roads and; 3. Enhance space efficient transport options.

Walker notes that option three is the only logical response, and eventually this is the option city governments choose. At the time of writing it would appear many Australian politicians are still showing considerable interest in option 2, with a large number of road widening and tunnel projects currently underway or in early planning stages. Ultimately, it is argued by Walker, geometric facts related to the size of a car are impossible to ignore. Cars are big, per person space in cities is small and big things don’t fit in small spaces. This argument is the basis for this paper; changing the basic economic framework in which cars are used is now imperative for cities to remain productive (Hensher and Bliemer 2014).
1.2. The economics of car dependency

In addition to the resource inefficiency (energy and space) of widespread car use, the current model of privately owned motor vehicles make little economic sense. Cars are the second most expensive item most people will purchase in their lifetime, yet they sit unused for 96% of the day (Shoup 2005). They also depreciate from the moment they leave the showroom.

Many costs of car ownership are fixed, with the base investment and ongoing standing costs outweighing the usage costs. In behavioural economic terms, when people or organisations invest large amounts of money or time into an endeavour, there is a tendency to continue investing, which is known as the sunk cost effect (Arkes & Blumer 1985). When people have already paid for a product or service, it is intuitive to continue utilising their investment, as to do otherwise would be 'wasteful'. An illustration of the powerful impact the sunk cost effect can have on consumption is shown in a study by Just and Wansink (2011) in which those that paid a higher price for an all-you-can-eat buffet ate significantly more than those paying a lower price. 

There are elements of the sunk cost effect in car ownership, with the lion's share of costs being fixed (e.g. purchase price/repayments, statutory fees and charges, and insurance). Operating charges are a much smaller proportion of overall costs (see Table A1, Appendix 1). In essence, the current pricing environment for car use very closely resembles an all-you-can-drive road network, which has the effect of increasing the consumption of driving and corroding wider government effects to reduce car use.  The outcome of this pricing environment is that cars are often used as the default mode of transport, even for trips of a very short distance (Department of Transport 2009).
As demonstrated in Table A1 many of the costs of car use are fixed, not variable and under this arrangement, excessive car use becomes economically rational. Further, electric vehicles are considerably more energy efficient than those with an internal combustion engine (Bridges 2015). As electric vehicles begin to form a greater portion of the vehicle fleet, the variable costs (for fuel) will further reduce, leading to a smaller usage cost to vehicle owners, and a greater rationality to drive.

1.3. The convenience of car use in the Australian city

The convenience afforded by car use, in addition to the economic factors described above, further incentivises car use in the Australian city. Time savings are a key determinant of mode choice (Washington, Karlaftis & Mannering 2011). Research from the Grattan Institute has illustrated that a typical Australian city residents has access to a far greater proportion of jobs within a 45 minute car trip than they do for a 60 minute public transport journey, which helps to underpin the reliance on motor vehicles, especially in the middle and outer suburbs (Kelly & Donegan 2015). This is a legacy of Australia's car based planning focus since the 1950s, which have seen a proliferation of car based planning decisions, with suburban expansion and road building at the expense of public transport (Mees, 2010; Mees & Groenhart 2012). This has left many suburban areas built without viable public transport options (Mees 2010). Mees (2010, p. 9) reminisces about his younger years living in car dependant suburban Melbourne: ‘most of my peers reacted rationally to these problems by buying cars as soon as they were legally able to drive’. The central role of the car in Australian culture and as an object of freedom is well noted in Car Wars (Davison 2004) and is captured in the following quote from former Australian Prime Minister (then in Opposition), Tony Abbott (2009, p. 174): 

The humblest person is a king in his own car... For people whose lives otherwise run largely at the beck and call of others, that’s no small freedom. 

This freedom, flexibility and even privacy provided by the car is part of the reason some choose to drive even when public transport provides a time competitive alternative, as noted in research undertaken by Jennifer Kent. Kent (2014) found that the people involved in her study described their choice to drive being influenced by the independence and privacy of the car. Time spent driving was valued as an opportunity to listen to music, conduct private telephone conversations and even conduct Internet-based activities. As will be described in Section 2, autonomous cars, where the occupant does not need to control the vehicle, broadens the possible activities which could be undertaken during car travel, disrupting the Marchetti constant. The Marchetti Constant describes the relatively consistent travel time budget people have been prepared to spend engaged in transport, which equates to approx. 60 minutes per day (Marchetti, 1994).
1.4. Car parking

Despite its potent impact on transport patterns and urban planning outcomes, car parking policy rarely receives the scrutiny it deserves (Shoup 2005, 2010). Currently, states in Australia have planning schemes that mandate parking spaces be included in developments at set rates (e.g. see Department of Environment, Land, Water and Planning [DELWP] 2015). This has the effect of increasing the cost of housing and encourages car ownership and usage above what might exist without these provisions (Badger 2016; McCahill et al. 2016). In Victoria for instance, a one or two bedroom dwelling, one car space is required; for three or more, two are required; while larger developments further require visitor parking at one space per five dwellings (DELWP 2015). Shoup (2005) argues that set parking rates are intrinsically arbitrary, questioning their specificity and relationship with demand. Shoup (2005) further contends that there is a circular logic to the situation, where car parking spaces simply generate the demand to fill them. Providing a car park to an apartment in Melbourne adds $48,600-$52,400 in construction costs (Rawlinsons 2015), a price which is passed on to future residents. With such a large outlay it becomes rational to fill the space with a car; combined this generates a huge sunk cost as set out in Table A1. The requirement to provide car parking in new apartments fails to acknowledge the reality that 24.5% of all apartment dwellers do not own a car (Taylor 2015).

Thus, a combination of historical legacies have created a policy environment in which the mode of transport that makes the least resource and space efficient sense is also the most convenient and economically logical (once a car has been acquired). This has resulted in excessive car use, where, for instance, a fifth of weekday motor vehicle journeys in Melbourne are under 2km (Department of Economic Development, Jobs, Transport and Resources 2016).

2. Disruptive transport innovation

Contemporary society has entered a period of transport innovation beyond anything experienced in living memory (Fishman 2016). Apps able to summon rides at the tap of a screen, cars that can drive themselves and GPS connected peer-2-peer car share…these were once fanciful or even unimaginable ideas that have, in one form or another arrived in our cities, all at various stages of development and adoption.

These developments have been a challenge for regulators and incumbent industries. Regulators have experienced varying degrees of difficulty in managing the burgeoning ride sourcing sector (e.g. Uber). Autonomous vehicles too are set to create any number of complex legal and ethical challenges for public policy makers and the automotive sector itself. 

This section provides a brief outline of two disruptive transport technologies, app-based ride sourcing and driverless vehicles.

2.1. Ride sourcing services

Routinely described in the media as ‘ride sharing’, services such as UberX are in fact not technically ‘shared transport’, as the driver is making a trip purely to transport the passenger. A more accurate term for these sort of services is ride sourcing (Rayle et al. 2014) and use an App to connect a driver with a paying passenger.

A recent development within the ride sourcing sector has been the emergence of shared options, in which passengers can elect to share their ride with someone with an overlapping route, in return for a substantial fare discount. The UberX service of this type is known as UberPool, with their US rival, Lyft calling their service LyftLine. Both services have been running in San Francisco since 2014 and reportedly now return more revenue to each company than their non-shared option. Finally, in some cities in North America and Israel, so-called pop up transit has emerged (e.g. Bridj), in the form of an on-demand bus service. In the past, on demand transport has very often failed, often due to staff (driver) costs (Enoch 2015), although this may change as driverless vehicles become available (Fishman 2016).
2.2. Autonomous vehicles

In the past 12 months several major companies have announced plans to offer commercially available driverless vehicles by 2020 (Bridges 2015). In addition to traditional motor vehicle manufacturers, the technology giants Google and Apple have announced their commitment to developing a driverless vehicle, as has the high performance electric vehicle maker Tesla.

The emergence of commercially available autonomous vehicles in the near future is said to bring significant environmental, safety and economic benefits to society (Barclays 2015). These benefits, it is argued, arise from significant improvements to road safety (some 93% of crashes today due to human error)
, improvements to road capacity, fuels savings from more efficient driving and subsequent lower emissions (Fagnant & Kockelman 2015). Even if the distance travelled by autonomous vehicles doubles, some researchers estimate a reduction in crashes of 80% (Fagnant & Kockelman 2015). It is the intention of this section to provide a brief overview of some of the congestion challenges posed by autonomous vehicles.

2.2.1. Changing vehicle ownership and mobility as a service

In the United States, a car is, on average, driven for 56 minutes (4%) of the day (Barclays 2015) and there is little reason to suspect this would be substantially different in Australia. Developments in autonomous vehicles have occurred in parallel with the growth of the sharing economy and many scholarly and consultant reports are arriving at a similar conclusion – autonomous vehicles present an attractive opportunity to gain access to mobility without the financial burden of ownership (Bridges 2015). 

A recent report by Barclays suggests that by 2035, the majority of vehicles may be autonomous and that in such a scenario, car ownership reduces by 50%. The Barclays authors (automotive industry analysts) suggest that one shared car could replace at least nine privately owned,
 conventional vehicles (Barclays 2015). In the report, it is theorised that driverless cars are likely to be divided into four categories:

1. Traditional vehicles: limited self-driving ability, used primarily for work, especially for tradesperson type industries. This category would also include those that specifically seek to have manual control of their vehicles or for reasons of ‘status’.

2. Family autonomous vehicles: a privately owned and used autonomous vehicle.

3. Shared autonomous vehicles: a vehicle used for ride sourcing (e.g., Uber, but without a driver), described in the Barclays report as a robo taxi.
4. Pooled shared autonomous vehicles: a slight variation of shared autonomous vehicles, with the difference being that they can take multiple independent passengers simultaneously, similar to UberPool or LyftLine. (but without a driver). 

The general pattern of less vehicles but more kilometres travelled in each vehicle is broadly consistent with the finding of other research (Adams 2015). In a modelled scenario from Austin, Texas, some 94% of all pick-ups involve a wait time of less than 5 minutes. The pooled shared autonomous vehicle is where the greatest efficiencies lie in terms of resource and usage charges. This usage type is estimated to replace between 15 – 18 traditional vehicles. This model is essentially a robot taxi that can take multiple, independent passengers, providing what is termed a ‘perpetual ride’. This is essentially how UberPool and LyftLine operate today, with the only major difference being the presence of a driver. 

One factor that may influence people’s vehicle choice (i.e. of the four types identified above) will be the amount of travel they require. For those with high annual mileage rates, purchasing their own car may make more sense, from an economic standpoint. Barclays analysis suggests that for most people, based on U.S. driving patterns, a shared autonomous vehicle will be about twice as cheap than an even low cost Tesla (i.e. $US30,000). A pooled shared autonomous vehicle is estimated to be around four times as cheap as owning a Tesla.

2.3. Autonomous vehicles and congestion

One of the most pertinent, and as yet unresolved issues raised by the imminent introduction of autonomous vehicles is the impact they may have on congestion (Whiteman 2015). The ability of driverless vehicles to drive closer together due to their reduced reaction time has led some people to argue that it will reduce congestion. At the other end of the spectrum, the greater accessibility of travel by automobile, as well as the possibility of significant reductions in cost may result in Vehicle Kilometres Travelled (VKT) growth. It is currently too early to know the precise impact autonomous vehicles will have on VKT or congestion (Whiteman 2015) and this section is intended to introduce some of the emerging discussion points from the early work related to this important issue. 
Fagnant & Kockelman (2015), suggest that autonomous vehicles, whilst bringing considerable benefit in terms of safety, convenience and reduced car parking requirements, may in fact increase congestion. The possibility of increasing congestion due to the availability of autonomous vehicles may occur via a number of pathways, as identified below:

· People who are too young or too old to drive will be able to summon a ride. Data collected by the Victorian Government shows there were more than 1.3 million all purpose trips made daily in Melbourne in 2009 by those aged 10 to 19 (Department of Transport 2009). Some of these people may have been chauffeured previously, but some will be either making a trip they would not otherwise have made, or do so by autonomous vehicle rather than use another mode (e.g. public transport, bicycle).
· Pooled autonomous vehicles may be able to compete on price with public transport. Even if the cost is slightly higher than public transport, many non-CBD based trips may be substantially quicker than the same trip by pubic transport and this may result in a drop in public transport use. 

· By not having to focus on driving, the rider avoids the ‘time cost’ of driving, which may increase their willingness to travel further or spend more time in congested traffic. This is likely to disruptive the Marchetti Constant, increasing VKT. 

· Cars may be able to drive without any occupants. Whilst this may reduce car parking demand, it is likely to exacerbate congestion by increasing VKT. This is especially the case with those who choose to own an autonomous vehicle. For instance, an owner may choose to travel in their autonomous vehicle from their home to their CBD workplace. Rather than parking their car near their workplace (usually at relatively high cost), the owner may send their car back to their home, until it is time for them to travel home again. Under this scenario, the VKT is doubled. Should a situation such as this occur at a population level, the effect on the transport network may be dramatic, and amplified even further by future population growth. Moreover, because the owner is not ‘exposed’ to the congestion when the vehicle is driving empty, they may be more willing to have the vehicle exposed to the high levels of congestion such a practice may cause.

At peak times, the congestion levels arising from autonomous vehicles may exceed many of the other benefits associated with these vehicles. As a cautionary note, Professor Graham Currie and others identify that these autonomous services are unlikely to be an effective replacement for heavy rail in the dense central core of the city during peak times, due to space efficiency reasons (Fishman 2016).

2.4. Electric vehicles and the loss of fuel excise revenue

An importance source of Commonwealth revenue is derived from the Australian Government’s fuel excise, which equates to 39.5 cents per litre of fuel (Australian Taxation Office [ATO] 2016). The 2016/17 Commonwealth of Australia (2016) Budget included a projected $18.4 billion in revenue through fuel excise, with this projected to increase to $21.1 billion by 2019-20; this currently represents approximately 4.4% of Commonwealth revenue. However, this revenue stream will be in jeopardy in coming years due to increased efficiencies in fossil-fuel engines and the proliferation of electric cars. As battery technology continues to improve and costs reduce, it is widely anticipated that electric vehicles will make up an increasing share of the motor vehicle fleet and this has important revenue implications for the Commonwealth. 

3. Rethinking how government price road transport and manage the network: road user pricing

In an effort to convert the pricing landscape from fixed to variable charges, a road user price is necessary. As it currently stands, whether someone drives 1,000km per week at peak hour, or 50km per week at off peak times, they pay the same price for registration and other statutory charges (Hensher and Bliemer 2014). By scrapping vehicle registration fees and the federal fuel excise, and replacing them with a distance based road user charge, travellers will be provided with the pricing signals that encourage smarter car use (Hensher and Bliemer 2014).

A new strategy is required to more efficiently manage the road network 
 ADDIN EN.CITE 
(Hickman and Banister 2014, Hensher and Bliemer 2014, Givoni and Banister 2010)
. It is clear current transport policy fails to provide the pricing signals to adequately manage the challenges placed on the road network. These issues will only be amplified by population growth, and electric vehicles. As described above, autonomous vehicles too may well increase demand on the road network. Professor John Stanley recently said that ‘Inevitably, with declining fuel tax collections and shifts to electric vehicles, and persistent congestion ... governments are going to need to look at city-wide GPS-based tolling technology’ (quoted in Gordon 2016). In a tax white paper submission, the National Transport Commission (2015) highlighted the same argument as Stanley and also noted that transport demand is predicted to increase by 80% within the next 35 years. Recognising this problem, the US state of Oregon is currently trialling a GPS based road pricing system to replace fuel taxes (Oregon Department of Transportation n.d), a tactic the Australian National Transport Commission (2015) recommends being introduced in Australia. The toll road conglomerate, Transurban has recently conducted a trial of such technology with 1000 Melbourne motorists (Transurban 2016) and whilst the results are not yet available, the spectrum of interests (motoring bodies, national regulators, transport academics and toll road giants) that are all beginning to converge on road user pricing as an effective response to these multiple transport challenges is extraordinary.

The current transport context identified in the previous section makes it apparent that new policy tools are required to end the distortive impact these policies have on current car use. 

The key goals of a road user pricing policy are to:

1. Better manage traffic: Encourage routes along roads designed to carry high travel volumes and reduce volumes on roads that perform other functions (e.g. shopping, social, pedestrian/cycling), consistent with SmartRoads policy (VicRoads 2014). Additionally, a road user price will aim to even out the peak demand by altering travel times, via pricing incentives for off peak travel (Hensher and Bliemer 2014).
2. Reduce VKT by car, by providing price signals that favour shorter travel choices.

3. Encourage sustainable travel choice, especially at peak times.

4. Increase revenue, to boost sustainable mobility choices. 

3.1. Road user pricing: proposed design elements

Whilst there is growing support for the introduction of road user pricing as a principle or concept, there is little agreement as to what form this might take, how it would work, expected revenue and how to distribute or invest this revenue. The authors do not wish to suggest that the content presented below is a comprehensive design specification for a future road pricing policy. Rather, it is intended to begin this discussion. These design elements are outlined below:

· Network based pricing using a $/km fee, across the entire Australian road network.

· A tamper proof GPS device is placed in the vehicle. This records the routes travelled and the time of day in which this occurs.

· Using network state road agencies, and other data sources, the entire Australian road network is assessed and based on congestion levels over the previous month, each road segment is given a multiplier (a congestion index rating), from a base rate. For instance, if the base rate was $0.05 per km and the road corridor with the heaviest congestion had a multiplier of 20, this would result in each km of travel in these conditions costing the driver $1. Driving on the same road at a low demand time might have a multiplier of only 5, costing the driver 25 cents per km. This provides drivers with the pricing signals to make travel choices based on the impact they have on road congestion. Faced with these pricing signals, people can either:

· Travel at a different time

· Travel with a different mode

· Travel with someone else

· Not make the trip.

· Arterial roads will be priced cheaper than residential streets, to avoid rat running. Since travel on residential streets makes up a very small proportion of the total distance in a typical journey, even if the cost was relatively high, it will not equate to a high proportion of the total journey cost.

· Travel in regional areas, where congestion is a non-issue and transport alternatives are poor, will only pay a base rate. This will be determined by the average annual distance people travel in regional areas and the current price they pay for registration/other statutory charges and fuel excise, such that the person driving an average annual distance is no worse off. For those that drive less, they will be better off. This element is considered crucial to public acceptance, as shown in Hensher and Bliemer (2014).
· The network rates will be updated monthly. Although it is technically possible to calculate congestion rates in real time, it is not the intention of this policy to penalise people caught in unpredictable congestion. An event such as a major crash can result in significant congestion and it would be unfair to subject motorists to additional costs due to these unpredictable events. The aims of the policy are better fulfilled by providing the traveller with the likely cost of the trip before they get in their car, in order to offer the pricing signals to make the smartest travel choice.

· Travellers interface with the road user pricing policy is via a smartphone App. The traveller opens their road user pricing App, enters their destination (very similar to how people interact with Google Maps), the expected time of departure and the App calculates their expected road user fee. By default, the App calculates the lowest possible fee to get from origin to destination, based on the congestion index (multipler) for each road that presents a possible route for their trip. 

· The App also offers multimodal transport options, such that after presenting the cost and preferred route to get from A to B using a car, the App also lists the cost and time to undertake the trip by public transport, cycling, walking and ride sourcing services (e.g. Uber), similar to current Apps such as Moovel. This provides an easy way to make informed transport choices.

3.2. Safety

An additional feature of the road user pricing strategy proposed in this paper is improved speed management. Speed is currently a major contributor to crashes in Australia and deaths and serious injuries on Australian roads remains stubbornly high. As the device will be able to detect vehicle speeds, and know the posted speed limit across the Australian road network, any speed limit infringements can be automatically recorded. Drivers recording three infringements in a given month can be issued a fine/penalty for the third offence. This provides two key benefits over current practices. Firstly, it monitors every part of the road network, not just certain points in which a speed camera is located. This means the chances of being caught speeding a substantially higher, which is a more powerful deterrent for motorists. Secondly, it is less labour intensive, which reduces policing costs.

4. Pricing considerations

The development of a road user price is still in its infancy and therefore it is not possible to predict potential revenue generation with any accuracy. Moreover revenue predictions that simply use current travel behaviour as their basis are problematic, as it is likely (indeed intended) that a road user price will influence travel behaviour.

Australian vehicles travelled approx. 244 billion kilometres in 2013/14 (Australia Bureau of Statistics [ABS] 2015) while $18.1 billion was raised in fuel excise (Commonwealth of Australia 2016), ergo 8c per km should be charged to cover fuel excise
, while an additional 5c per kilometre should be charged to cover vehicle registration.
 However, this is not only crude but also incorrect, as motor vehicles are not the only users of fuel in Australia, and the average car does not consume enough fuel per km to pay that much tax per km; the average Australian car consumes approximately 10 litres per 100 km (Fishman & Brennan 2010), at 39.5c per litre petrol excise (ATO 2016) this equates to approximately 3.95c per km. Shifting sunk cost will also change habits, as will our proposal to charge based on type of road and time of day; this is a key plank of the proposal, to facilitate travel behaviour change by reducing perverse incentives that fail to properly value road space.

The absence of network based road user pricing currently encourages drivers to take the shortest, fastest journey, even if the cumulative impact of this is heavy traffic on streets that serve more than just a transport function (e.g. shopping, pedestrian activity). A variable road pricing strategy would lessen the incentive to take the shortest route along these streets, incentivising drivers to travel along major routes such as freeways and preferred arterial roads. This would have the effect of freeing up congested neighbourhood streets by making them comparatively less attractive for cars but more favourable for public and active transport. If should be noted that although a road pricing system also offers greater ability to offer concession rates than the current pricing system where a discount is only applied to the registration fees. It is proposed that a percentage discount per km should be given to those who are eligible to registration and/or public transport concessions.

5. Revenue

It is suggested that the revenue raised from the proposed road user pricing strategy should broadly equate to the sum collected under current pricing policies. Political pragmatism is the underlining rational for this decision, as a policy that increases the total amount paid to government from car use is likely to be politically unattractive (Hensher and Bliemer 2014). In the longer term governments would be able to adjust charges to suit policy directions and strategic visions.

The revenue may be distributed across all three levels of Australian government. The Commonwealth’s share is justified based on the loss of the fuel excise income stream. State revenue is justified due to the loss of registration and other state based statutory charges. Local government, which has responsibility for some 80% of the road network, also has a strong case for receiving a proportion of revenue. In addition to maintaining the administrative and insurance functions currently performed by state agencies, the revenue generated from the road user charge could be used to increase sustainable mobility options, such as enhanced pedestrian environments, bicycle infrastructure and public transport networks/services. Such a move would mimic City of London's Congestion Charge, where all revenue is reserved for spending on transport improvements (Transport for London 2015).

One potential method of investing the revenue generated from the proposed road user charge would be to create a centralised, national pool, similar to the Building Australia Fund (Department of Finance 2013). Funding would be provided on a set of criteria centred on triple bottom line, evidence based principles. Federal and state governments would then apply for transport project funding, which would be allocated on an equitable merits based assessment. Such a move would provide funding opportunities to state and territorial governments unlinked from the Commonwealth Government of the day, removing potential for funding to be influenced by short-term political purposes, as recently highlighted by the Grattan Institute (2016).

6. Conclusion

Congestion is a major challenge, and one that successive governments have failed to manage effectively. In most cases, the most common response to congestion has been to increase road volume, via road duplications or new roads, yet more than half a decade of this approach has mealy exacerbated the problem. Albert Einstein is often quoted as saying ‘we can't solve problems by using the same kind of thinking we used when we created them’. By changing the way we pay for car use, a road user price offers a different approach, that does away with the distortive effect of the current pricing environment. 

As the arguments in favour of road user pricing become increasingly pertinent, a wide range of crucial questions remain unanswered and require urgent research. What technological challenges exist before the large-scale implementation of a road user pricing strategy can be implemented? Are the methods used to monitor and record congestion suitable for its integration into the price calculation? What equity issues exist for disadvantaged groups? Does the pricing strategy need to be customised for autonomous vehicles? How will travellers respond to this pricing strategy and how does this impact on transport models and congestion? Do current car parking requirements in the planning scheme help or hinder wider government objectives regarding sustainable mobility and how relevant are these requirements in the face of disruptive transport technology and driverless vehicles?
Road user pricing provides the pricing signals that encourage smarter travel choices. Whilst some people will choose to bear the cost of driving in congested traffic, others will make different choices, reducing the cost of congestion across the work. This will enable our cities to become more productive.
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8. Appendix 1

Table A1: Breakdown of costs of motor vehicle ownership conducted by RACV (2015), cars selected are amongst the best selling in Australia (Charlwood 2016).
	
	
	Nissan Leaf (electric)
	Toyota Corolla Ascent (petrol)
	Toyota Camry Atara  (hybrid)
	Holden Commodore (petrol)
	Mazda CX-5 Maxx (petrol)

	
	On Road Price
	$55,553
	$24,932
	$34,990
	$39,488
	$35,966

	
	On Road costs ($/week)
	$46.90
	$35.33
	$31.86
	$44.23
	$43.68

	
	Total Standing costs ($/week)
	$217.24
	$100.74
	$134.37
	$165.25
	$138.09

	Running Costs
	Fuel (cents/km)
	3.81
	8.88
	6.99
	11.16
	9.95

	
	Tyres (cents/km)
	1.43
	1.01
	1.39
	1.4
	1.59

	
	Servicing (cents/km)
	7.08
	7.75
	5.33
	6.16
	7.15

	
	Total Running Costs (cents/km)
	12.31
	17.64
	13.71
	18.72
	18.69

	
	Annual Cost
	$13,143.18
	$7,883.59
	$9,044.31
	$11,400.75
	$9,984.16

	
	Total Costs, cents/km
	82.62
	52.56
	60.3
	76.01
	66.56

	
	Total Cost $/week
	$252.75
	$151.61
	$173.93
	$219.25
	$192.00

	
	Fuel as a % of running cost (cents/km)
	30.95%
	50.34%
	50.98%
	59.62%
	53.24%

	
	Fuel as a % of total costs per km
	4.61%
	16.89%
	11.59%
	14.68%
	14.95%

	
	On road costs as a % of total weekly costs ($)
	18.56%
	23.30%
	18.32%
	20.17%
	22.75%

	
	Fixed costs as a % of total weekly costs ($)
	85.95%
	66.45%
	77.26%
	75.37%
	71.92%



�	 According to a US report by the National Highway Traffic Safety Administration (Department of Transport, 2009).


�	 This is based on the scholarly work of Fagnant and Kockelman (2015) using a modelling approach for Austin, Texas. 


�	 Although congestion is only a problem in urban Australia, a country-wide system is considered a more effective mechanism as it avoids many potential problems, such as when urban residents with a country house use this address to register their vehicle to avoid being included in the road user pricing scheme.


�	Revenue raised / vehicle km travelled = tax per km


�	These calculations are based on the Victorian context in which vehicles travel an average of 14,500 km per year (ABS 2015) while vehicle registration and Tax amounts to $771.60 per annum (VicRoads 2016). Registration and tax / vehicle km travelled = charges per km
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