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Abstract 

Northwest Auckland is expected to experience significant growth in the next three decades, with 87,000 additional residents and 43,000 new jobs, which will create significantly increased travel demand along the Northwestern corridor.  As a result, the NorthWest Rapid Transit Corridor (RTC) has been identified as one of the highest priority public transport projects for Auckland (Auckland Transport Alignment Project, 2016).

The context within which the Northwest RTC is being developed is everchanging with respect to technology, access to information and services as well as people’s expectations, behaviour and access to information and services.  

The role of emerging technology, future behaviours and development was recognised and needed to be actively considered and included in future development stages of the project.  This created a challenge – how do we develop a solution that addresses an immediate need while also considering technogy and behavioural changes in the future? This challenge was also made more complex by differing political views on the future of the corridor.

In developing designs for the corridor and stations, a number of things have been assessed to identify options to opportunities to increase accessibility to stations and ensure the ability to adapt for future technology and behaviour changes, inlcuding:

· Mobility as a Service

· Autonomous vehicles

· “Realistic” capacity estimates for different modes

· First mile and last mile transport

· Current and future role/requirements of Park and Ride and Kiss and Ride

· How changes might affect patronage uplift
· How emerging technologies could impact on design footprints

NORTHWEST RTC: PLANNING FOR THE FUTURE
INTRODUCTION
Northwest Auckland is expected to experience significant growth in the next three decades, with 87,000 additional residents and 43,000 new jobs which will create significantly increased travel demand along the Northwestern corridor.  As a result, the Northwest Rapid Transit Corridor (RTC) was identified through the Auckland Transport Alignment Project (ATAP), as one of the highest priority public transport projects for Auckland (Auckland Transport Alignment Project, 2016).
The Northwest Indicative Business Case (IBC), (Auckland Transport et al, 2017), process developed a preferred option to meet the needs of this corridor. This paper summarises some of the key challenges through the IBC process and the solutions developed. This paper also discusses how the IBC process considered the impact of emerging technologies and how they might influence the preferred solution.
THE CHALLENGE

The study area for the business case was defined as the wider SH16 Northwest Motorway corridor, focusing particularly on the corridor from Westgate to the city centre, but also including associated corridors, namely Lincoln Road, Te Atatu Road, SH16 to Kumeu, and the Upper Harbour corridor comprising SH18 and Hobsonville Road. 
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Figure 1: NorthWest RTC Study Area
The outer areas represented significant components of Auckland’s future growth areas. As such, the scale and nature of the expected growth dominated the background considerations for the business case.
The RTC linked a location identified as transport disadvantaged with the high value city centre jobs. It allowed the targeted ATAP (Auckland Transport Alignment Project), public transport growth to happen on the Northwest corridor, which would otherwise be overly car-dependent. 
The identified deficiencies of existing public transport facilities were:
· There were no public transport interchanges along SH16, meaning that buses seeking to pick up or drop off passengers, including for transfers between services, had to leave the motorway to use on-street bus stops. Alternatively, buses did not leave the motorway and run directly to the city centre, resulting in a highly inefficient service with high numbers of partially full buses arriving in the space-constrained city centre.
· There were bus shoulder lanes along SH16 between Waterview and Lincoln Road. These did not provide continuous priority through ramps and interchanges, meaning that buses were forced to merge into mixed traffic at these points.
· There were peak bus lanes on Great North Road that were limited in hours of operation and did not always extend through town centres.
In addition, to the perhaps more traditional transport challenge, the project needed to consider how emerging technologies might influence the potential recommended solution. 
Emerging Technologies
The project considered how the context within the study area was ever-changing with respect to technology as well as people’s expectations, behaviour and access to information and services. The role of emerging technology, future behaviours and development was considered throughout the project. 

A challenge of the project was how to develop a long term planning solution while taking into consideration emerging modes and technologies which may be disruptive but don’t yet exist. Busways are typically constrained in operation and capacity by the vehicles and require individual driver operation. There are a number of emerging technologies currently being tested that would challenge these constraints in the future.
Autonomous Vehicles and Connected Vehicles

One of the anticipated advantages of autonomous vehicles is an increase to road capacity, as autonomous vehicles can safely drive faster and closer together. One of the considerations for the Northwest RTC IBC was whether the road capacity increase might eliminate the need for rapid transit investment. 

With only a few corridors into the city centre, the project team determined that capacity into the city centre would be limited regardless of any additional capacity that may be achieved through autonomous or connected vehicle technology. Depending on pricing and other factors, autonomous vehicles could potentially generate more unnecessary travel throughout the day, applying additional pressure to these already constrained corridors. In addition, it was assumed that vehicle automation is likely to be applied first in public transportation with its fixed routes and high operating costs. Driverless technology would provide the opportunity to remove drivers and their associated scheduling constraints from public transport vehicles.  These reduced operating costs would increase the competitiveness of public transport as compared to private vehicles. (MRCagney, 2017).
Given this research, autonomous vehicles were considered to be more likely to replace feeder bus services servicing less dense areas where farebox recovery is likely to be low. With this in mind stations were designed with greater consideration for drop off services (such as Kiss and Ride) which would support autonomous vehicle drop offs in the future.
Mobility as a Service
Various applications exist that provide information and journey mapping for all modes. In some cases, connected journeys can be planned and information on departures, real time operation, journey maps is available.  However, the actual purchase of journeys is still carried out separately directly with each provider. This lack of a system means customers are not able to easily make informed choices about how they travel.  

Mobility as a Service (MaaS) enables customers to not only understand journey choices across various modes, but would be able to purchase these services using the same application.  It was recognised that this could have an effect on the Northwest RTC by influencing arrival modes and the peaks in demand.
First and Last Mile Transport
The quality and operation of the surrounding road network is a key factor in first and last mile transport. That is the customer journey from their front door to a rapid transit station. The combination of MaaS allowing pre purchase of transport to and from interchanges and potentially autonomous vehicles providing local distribution services cheaper than a taxi and more directly than a feeder bus may result in changes in the mix of space required for arrival and departure modes from stations.  
Beyond Buses

The customer outcomes, capacity and quality of LRT (Light Rail Transit) could be achieved by other emerging technologies, such as the advanced mass transit technology (ART – Autonomous Rapid Rail Transit), currently in prototype development in China. Technology such as this has the potential to achieve the quality and capacity of LRT at a lower cost with the benefit of staged implantation and immediate integration with the existing bus network.  
ACCESSIBILIty

Stations Accessibility
The IBC for the Northwest RTC identified 13 stations as part of the recommended option and provided a high level assessment of station accessibility to better understand the surrounding land use and transport environment and how favourable these are for passengers.  The study looked at opportunities to increase accessibility to stations through improved public transport, walking, cycling, park and ride and drop off/pick up.  
Improved station accessibility can be expected to increase patronage at the station.  Previous studies (MRCagney 2014) found the following relationships between PT network characteristics and patronage:
· On average, a route with twice as many people in its walking catchment is expected to generate 17% to 51% more patronage.
· On average, a route with twice as many service kilometres is expected to generate 62% to 96% more patronage.
· On average, a route that is twice as frequent is expected to generate 20% to 41% more patronage.
RESULTS OF THE INDICATIVE BUSINESS CASE

The IBC for the Northwest RTC concluded from a short list of two bus based options (bus lanes or busway), and light rail that the preferred option for this corridor is a staged busway.  Bus services operating on a busway are expected to provide sufficient performance and capacity to match the needs of the corridor, whilst also being the most affordable option to build and deliver in stages.  
A busway was selected as the recommended option for this corridor.  This is because buses on a busway provided the right performance and capacity to match the needs of the corridor, while being the most affordable option to build, and easiest to deliver in stages. Buses would be able to easily move on and off the busway, and also use the motorway, bus lanes and regular streets. This allowed for a staged implementation where critical parts of the busway could be delivered relatively quickly and cheaply, while less urgent parts can be done later. This would make it easy to get the busway running sooner, but also allow the costs of adding more capacity to be spread out over time as the Northwest grows.

A staged busway delivery enables some benefits to be realised sooner (than LRT), with higher-performing sections being delivered relatively quickly and in a cost effective way, with other parts delivered as patronage demands.  Staging also allows the cost of adding capacity to be spread over time.
The recommended option is effective in delivering the Investment Objectives in the following ways:
· Access to jobs: Brings 320,000 jobs within a 45-minute public transport journey of Westgate in 2046, compared to 120,000 with the Do-Minimum.
· Catchment for the Northwest: Creates a population catchment of 580,000 people within a 45-minute public transport trip of employers in Westgate compared to 300,000 with the Do-Minimum.
· Corridor throughput: Increases the person throughput of the SH16 (all modes) at Waterview from 11,000/hour in the Do-Minimum to 16,000/hour. Expected demand for travel in 2046 is 13,000/hour.
· Mode share: Increases bus passengers entering the city centre from the Northwest from 6,800 in the Do-Minimum to 9,300 in 2046. It does this with the same number of buses entering the city centre with higher occupancy.
· Travel time: Creates a journey time by bus from Westgate to the city centre of 32 minutes in the peak compared to an expected journey time of 50 minutes with the Do-Minimum.
· Public transport catchment: Enables 40,000 people to live within walking distance of a rapid transit service on the Northwest corridor compared to 23,000 with the Do-Minimum.
· Transport subsidy: Will enable a saving of $11 million per year in operating costs. It will require $48m/year compared to $59m/year with the Do-Minimum.
CONCLUSIONS AND RECOMMENDATIONS

It was recommended that the core busway solution be supported by a host of other measures that give effect to the wider accessibility needs of Northwest Auckland and address the defined problems.  The measures included:

· Land use improvements such as transit oriented development around stations.
· Behaviour change measures to make the system easier to use and influence people’s choices to optimise the effectiveness of the system.  This could include pricing, information, first/last mile transport and Mobility as a Service as examples.
· Network optimisation improvements to ensure that the entire transport system is geared and enabled to deliver optimal performance.  This could include repurposing the current bus lanes on the motorway for High Occupancy Vehicles (HOVs) or freight, better enforcement of bus lanes and providing additional park and ride and mode transfer options.
· Related capacity improvements to support the busway, including resolving city centre capacity issues and priority measures for local buses to access interchanges.

Emerging technology was considered throughout the project and this had some impacts on design, particularly around stations. However, for the main Northwest corridor, it was assumed that expected population growth in Northwest and increased travel demands from autonomous vehicles, along with the limited capacity of the road network, would still limit the degree to which autonomous vehicles can replace rapid transit. In addition, the project team took the approach that a well-designed rapid transit system would become more competitive with the introduction of autonomous vehicle technology. 
As a result, the IBC developed a solution which focussed on (current) best practice transport planning with land use integration to meet the objectives of the Northwest Rapid Transit Corridor Indicative Business Case. 
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