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Executive summary

The Stirling City Centre Alliance (SCCA) is seeking to create a high quality transit corridor, in particular
light rail, as a significant feature in the city centre’s revitalization. The SCCA has initiated an investigation
into the feasibility of light rail serving the Stirling City Centre (SCC) and Scarborough Beach Road linked
to the Glendalough rail station in Osborne Park. In this phase (Phase 2) of the feasibility assessment,
the following tasks were conducted, the results of which are presented in this report.

compare the operating characteristics of the ‘high quality transit’ modal options and running way
environments in general based on a desk-top assessment

refine route and running way options for the study area
refine the patronage forecasts for the study area by mode using the PB TODTrips model
assess the high level costs and potential value-uplift of the modal options for the study area

identify a preferred alignment, mode and running way environment for the study area.

In addition, the report summarizes potential value capture benefits and techniques that could be used to
help finance the proposed infrastructure.

The findings of the analysis supports the further consideration of quality transit in the study area. As part
of the desk top assessment of modal options, five different forms of ‘high quality’ mass transit systems
have been examined. The different modes include standard buses on street, trams on street, Bus Rapid
Transit (BRT) with buses in exclusive lanes with high priority and Light Rail Transit (LRT) in exclusive
lanes with priority. An additional emerging technology, tram on tyres has been assessed (TransLohr).

Five scenarios were setup in TODTrips to represent alternative modal options and operating
environments that could be considered to serve the SCC in 2031. The five alternative modal scenarios
analysed included:

Base case with 2031 bus option
Streetcar/Tram on kerbside

LRT in dedicated centre median
BRT in dedicated centre median

LRT in dedicated single sided running way.

Due to the proprietary nature of the TransLohr technology, which would limit the project sponsors to a
single manufacturer, this mode was not considered in patronage forecasts. In general, the broad
operating environment for each scenario was set up to maintain appropriate existing public transport
services with the addition of a new mode with a specified level of service.
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The potential high quality transit system is part of an integrated land use and transport strategy for Stirling
City Centre and the Glendalough/Osborne Park redevelopment areas. The potential transit upgrade is
inextricably linked to a robust land use vision, a parking strategy to reduce private motor vehicle usage, a
parking levy to fund catalytic transport infrastructure, control of roadway capacity to avoid recongestion of
Scarborough Beach Road and a comprehensive bicycling and pedestrian strategy. Each of the
components is mutually supportive and, as a whole, creates a unique and supportive environment for
altering travel behaviour.

Phase 1 of the Stirling Centre Light Rail Feasibility Study undertook a ‘high level’ examination of potential
patronage of a light rail system to support the Stirling — Osborne Park corridor. This was not a detailed
modelling exercise but rather a broad ‘spreadsheet’ modelling approach with the prime objective of
establishing if the proposed level of land use intensity could generate sufficient demand to support a light
rail system to warrant moving to a more detailed study of potions.

In Phase 1, the base case analysis showed an estimated light rail patronage of approximately

27,000 trips on an average weekday. To place these findings in context, comparison was made with light
rail systems introduced in recent years in the United States. Comparison with these figures indicates that
the Stirling light rail system is definitely ‘in the ballpark’.

Increasing development to the higher ‘aspirational’ levels would increase this somewhat to approximately
31,000 trips, while if the transit mode increased from 5.5% to 15% as many as 41,000 trips per day might
be expected. (Note: The Phase 2 assessment assumed slightly higher mode shares by mode as result of
the parking and cycling strategies that have been advanced by the City of Stirling subsequent to the
Phase 1 study to support the integrated land use and transport strategy).

The analysis considered the potential corridor between Stirling Station and Glendalough Station as two
stages. Stage One comprised a north south corridor along a realigned Ellen Stirling Boulevard or
Stephenson Avenue. This stage would almost certainly not be justified on patronage grounds alone over
the short term. However as a development catalyst it displays some merit. Stage Two included an east
west corridor along Scarborough Beach Road between Ellen Stirling Boulevard and Glendalough Station.

The Phase 1 study suggested that Stages One and Two together would probably generate significant
levels of associated development and patronage provided that there is ‘buy in’ from land holders and
developers in the corridor.

Alternatively, Stage One of the line should be used as a catalyst for development within the Stirling
Central area to help encourage the preferred patterns of development. In this role, Stage One must be
tied to commitments to develop transit supportive land uses within an acceptable timeframe and firm
agreements should be in place to adequately cover operating costs. In addition, under this scenario,
Stage One should only proceed if there is certainty that the full system will be built to ensure a more
financially sustainable outcome.

The Phase 2 study reinforces the findings that a high quality transit system, such as a LRT or street
running tram is viable if supporting land use and transport policies are in place.
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The following conclusions and observations are made in relation to the results of the modelling:

There is a potentially strong market for a high quality transit system to provide for travel within the
study area and to facilitate the use of public transport for access to the area from other parts of

the metropolitan area. In particular, there is strong potential for the operation of an effective internal
transit system in the Stirling Centre. In other words, the transit system will function well as a
‘pedestrian accelerator’ for relatively short trips amongst origins and destinations within the study
area.

The modelling results show that demand could be in the range of around 40,000 to

55,000 passengers per day. This result is considered to be relatively high and has been driven by
the land use assumptions and the overall high level of development included in the model. These
figures should be reviewed as part of a practical assessment of the development potential in the
study area.

Further refinement of the patronage estimate should be completed to inform the system design. This
should include an assessment of an initial operating segment on the north-south alignment only
(Phase 1), a base scenario using current development conditions, higher transit mode shares in
Phase 1 alone (e.g., 15%), and with alternative local bus operating conditions (e.g., the 400 series
bus operating more frequently)

The transit system has a strong role to play in minimising the use of private motor vehicles for
movement within the centre and minimising the demand for parking.

With regards the modes tested, the street running transit (tram) shows that it has the potential to
attract marginally more passengers than the other options. This mode is the most accessible, with
the highest number of stops which underlines the importance of selecting a mode which can be
closely integrated with development along the corridor.

The land use development forecasts herein for the Bus and BRT scenarios are equivalent to those
for the LRT and tram scenarios. However, in reality, these thresholds of development would likely not
be attained since developers would not be attracted to invest in the corridor under the Bus and BRT
scenarios. Development tends to ‘follow the rails’ with a notable preference for investment along rail
corridors due to the increased property values and returns. As a result, forecasting should be refined
to reflect a lower level of development for the bus-based scenarios.

The design of the transit system, the final decision regarding the streets in which it will operate and
the delivery of developments which support active street frontages will have a strong bearing on the
ultimate success of the transit system.

It is essential that supportive land use and transportation policy framework be in place prior to
implementation to allow the catalytic effects and economic uplift to be produced effectively and
to allow for value capture.

Close integration is required at Stirling and Glendalough Railway Stations to ensure barrier free
seamless interchange conditions for passengers to maximise the attractiveness of the transit system
for people travelling from outside the study area. In addition, the Stirling transit system should be
included as part of the Perth PTA fare system to ensure that riders get a cost penalty free transfer
from rail and bus to the new Transit system. Lastly, the Stirling system will require integration and
standardization with the overall Perth LRT system as set forth in the 20 Year Transit Plan (pending).
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Based on the modelling findings and the potential land use integration and transport characteristics, a
hybrid tram/LRT system is recommended for further consideration in the next phase (i.e. Concept Design
and Final Feasibility). The hybrid would include a centre median dedicated LRT (and potential BRT) along
Scarborough Beach Road. This running environment would maintain operational reliability by avoiding
congested travel lanes. It is recommended that mid-block traffic signals be introduced along Scarborough
Beach Road to allow for two or more additional stations and safe pedestrian and cyclist access to be
included along the corridor. As shown in the modelling, the additional stations allowed by the
streetcar/tram served to increase patronage.

The hybrid would include either a streetcar along a realigned Ellen Stirling Boulevard or a single side
running LRT along the west side of Stephenson Avenue. The benefit of the former is the inclusion of
additional stations and better integration with supportive, surrounding land uses. The benefit of the latter
is the placement of the stations in closer and more direct walking access to the land uses due to
separation created by the day-lighted stream and parklands on the east side of the street.

In terms of value capture, it is clear that significant economic and property value uplift occurs with the
introduction of light rail and street cars if supportive conditions are in place. These include a general
growth in the real estate market and the presence of congestion so that value is attached to the presence
of the high quality transit as a more reliable and convenient alternative to other modes. There is also
growing evidence that BRT systems can provide similar benefits however the level of documentation is
not as extensive.

A modal comparison summary matrix is provided in Appendix A to illustrate characteristics of existing
high quality transit systems globally. In addition, a range of hypothetical operating characteristics,
scenarios and costs are presented in Appendix B for each mode. The matrices have been developed to
allow for the assessment of optimal service plans based on the incremental growth of patronage over
time, required equipment and optimal frequency of service. The matrices should be used to further refine
the service plan as part of the next steps.

The hypothetical costs included in Appendix B for each mode include capital and operating costs as well
as life cycle costs for various operating scenarios based on potential patronage and service patterns. One
noteworthy observation based on the life cycle cost analysis is that trams and light rail appear to have
lower long term costs than bus based systems. However, verification of this observation will require
additional refinement based on the actual proposed operating plan and concept design in Phase 3.

The reader is forewarned not to make generalizations about the performance of the Stirling system based
on international and national averages as presented in the report and in Appendices A and B. Costs and
performance measures are based on averages from urban or suburban settings that may not be relevant
to the Stirling corridor. The information simply provides some basic parameters for illustrative purposes.

A more detailed concept design, service plan and final patronage forecast is recommended as a next step
(Phase 3) to more precisely determine costs for the Stirling LRT.
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Stirling City Centre Light Rail Feasibility Study - Phase 2

Introduction

Background

The Stirling City Centre Alliance (SCCA) is seeking to create a high quality transit corridor, in
particular light rail, as a significant feature in the city centre’s revitalization. The SCCA has
initiated an investigation into the feasibility of light rail serving the Stirling City Centre and
Scarborough Beach Road. In this phase (Phase 2) of the feasibility assessment, the
following tasks were conducted, the results of which are presented in this report.

compare the operating characteristics of the ‘high quality transit’ modal options and
running way environments in general based on a desk-top assessment

refine route and running way options for the study area
refine the patronage forecasts for the study area by mode using the TODTrips model

assess the high level costs and potential value-uplift of the modal options for the study
area

identify a preferred alignment, mode and running way environment for the study area.

In addition, the report summarizes potential value capture benefits and techniques that could
be used to help finance the proposed infrastructure.

Phase 1 elements are summarised in Section 1.3 below.

As shown in Figure 1.1, the study corridor is the approximately 3.4 kilometre corridor
extending in approximately an L-shape between the Stirling and Glendalough Stations on the
Perth Northern Rail Line in the City of Stirling. The proposed light rail corridor would extend
in a north south direction between the Stirling Station and Scarborough Beach Road, through
the Stirling City Centre, along either existing realigned Ellen Stirling Boulevard or the
proposed Stephenson Boulevard. From this location, the east west portion of the line would
extend to Glendalough Station along Scarborough Beach Road.
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Figure 1.1 Stirling study area

This study has been triggered by the desire of the SCCA to redevelop the Stirling City Centre
into a major urban centre incorporating significant new commercial, retail, community and
residential opportunities. Studies are also underway to revitalize and intensify the
Scarborough Beach Road corridor through the Herdsman Lake Business Park and
Glendalough. The redevelopment would represent a fundamental change in the nature of the
area from one dominated by a major shopping mall, warehouses and bulky goods retail to a
city centre featuring 24/7 activity.

Previous work undertaken by the SCCA indicated that the road network would not be
capable of handling the proposed increase in activity without a major shift to other transport
modes, including public transport. An LRT has been proposed as one method of
accommodating the required transport demand while at the same time providing an ‘anchor’
to encourage the type and level of development intended.
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It is expected by the project sponsors that a high quality transit system could catalyse the
desired redevelopment and infill in the study area. It is also anticipated that the quality transit
could generate higher real estate market values that could be ‘captured’ by local and state
government to finance a portion of the infrastructure to support this redevelopment. An
additional key role of the transit corridor will be to link people to the rail system at Stirling and
Glendalough Stations. It will be critical to the success of the transport system in meeting the
mode share targets for the Regional Centre that this ‘short haul’ distributor function work
effectively by providing a seamless connection to the rail and bus networks. In turn the rail
and bus networks will provide the links to the wider metropolitan area. Given the fact that the
majority of people will be accessing destinations which are outside reasonable walking
distance of the railway stations quality transit is well suited to serving this distributor role.

As part of the desk top assessment of modal options, five different forms of ‘high quality’
mass transit systems have been examined. The different modes include standard buses on
street, trams on street, buses in exclusive lanes with high priority and trams/LRT in exclusive
lanes with priority. An additional emerging technology, tram on tyres has been assessed.
The five modes have been categorised as the following:

Bus Bus on street without priority

Bus Rapid Transit (BRT) Bus in exclusive lanes with priority
Streetcar Rail base tram on street without priority
Light Rail Transit (LRT) Light rail in exclusive lanes with priority
Emerging Technology Tyre base tram without priority.

Chapter 2 describes the operating characteristics of each mode. Section 1.2 below
summarizes the elements addressed in the modal comparison.

Chapter 3 sets forth a summary the potential tools to capture the economic benefits
associated with fixed transit infrastructure.

The hypothetical system operating characteristics and refined patronage forecasts for each
mode (excepting TransLohr) based on the TODTrips analysis are presented in Chapter 4.

Chapter 5 summarizes the key findings and next steps for the introduction of LRT to Stirling.

1.2 Modal comparison matrix

Based on the results of the desk top assessment, Appendix A presents a side by side
comparison of the five modes by each of the following characteristics:

transit mode use in other cities

capacity by vehicle type — different vehicle type by seated, standees and total
passengers numbers

peak hour capacity using international examples and an estimate of the theoretical
capacity by using set frequencies and the research vehicle type

PARSONS BRINCKERHOFF 10-0477-02-2106689A Page 3
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capital expenditure — cost per km for infrastructure using international examples of
infrastructure and construction costs per kilometre in 2009/2010 Australian dollars

cost per vehicle — international examples of average cost for vehicles in 2009/2010
Australian dollars

operating costs — estimated by kilometre, revenue passenger kilometre or vehicle hour

operating speeds (Average and Maximums) — approximate timetabled running speed
and the maximum achievable speed by type of vehicle

turning radii
power source

timetable and technology reliability — ability for the technology to maintain timetabled
running times

technology maturity — level of maturity that the technology is at in terms of reliability and
use in other cities

integration with pedestrian realm and land uses — how well the technology integrates
with the pedestrian environment and surrounding land uses

visual amenity — Issues that the technology has on the surrounding area

value uplift and redevelopment catalyst — influence the technology has on property
values and an effect it has on increasing or encouraging development around the
corridor and stations.

Phase 1 results

Phase 1 of the Stirling Centre Light Rail Feasibility Study undertook a ‘high level’
examination of potential patronage of a light rail system to support the Stirling — Osborne
Park corridor. This was not a detailed modelling exercise but rather a broad ‘spreadsheet’
modelling approach with the prime objective of establishing if the proposed level of land use
intensity could generate sufficient demand to support a light rail system to warrant moving to
a more detailed study of potions. In Phase 1, the base case analysis showed an estimated
light rail patronage of approximately 27,000 trips on an average weekday. Increasing
development to the higher ‘aspirational’ levels would increase this somewhat to
approximately 31,000 trips, while if the transit mode increased from 5% to 15% as many as
41,000 trips per day might be expected.

The high level analysis in this phase was based on outputs from the Department of
Planning’s STEM model for 2031. It also considered Scarborough Beach Road Population
and Land Use Study (Syme Marmion 2009). The base case relied on mid-range
development projections from this study, resulting in a combined forecast a resident
population of 23,500 and an employee population of 36,650. The base case also assumed a
public transport mode share of 5.5% that is current for Greater Perth.
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These figures were found to be very sensitive to changes in shopping related trips and trip
behaviour, as was shown by the test results of reducing the retail trip generation rate for the
Osborne Park area. It is worth noting that the patronage estimation included in the Syme
Marmion report likely underestimates retail trips significantly, as their estimate considers only
trips by householders and inbound work trips.

The analysis also considered the impacts on ridership of phasing the construction into two
phases. In Phase 1, the line would extend north south for approximately 1 kilometre between
Stirling Station and south of Scarborough Beach Road. The importance of future
development along Scarborough Beach Road in Osborne Park and Glendalough areas was
highlighted by the testing of a Phase 1 tram route only. This returned a much lower estimate
of patronage (around 6,000) trips compared to the Base Case.

The findings of each scenario are summarised in Table 1.1 below.

Table 1.1 Summary of findings by scenario

Phase 1 Improved PT Reduged

Increased retail

Base case tram/LRT devel mode share . .
only evelopment (15%) intensity

(O.P)
Total trips 479,000 479,000 598,000 479,000 396,000
Tram/LRT trips 27,000 6,000 31,000 41,000 21,000

To place these findings in context, comparison was made with light rail systems introduced
in recent years in the United States). Comparison with these figures indicates that the Stirling
light rail system is definitely ‘in the ballpark’.

The analysis considered the potential corridor between Stirling Station and Glendalough
Station as two stages. Stage One comprised a north south corridor along a realigned Ellen
Stirling Boulevard or Stephenson Avenue. This stage would almost certainly not be justified
on patronage grounds alone over the short term. However as a development catalyst it
displays some merit. Stage Two included an east west corridor along Scarborough Beach
Road between Ellen Stirling Boulevard and Glendalough Station.

The Phase 1 study suggested that Stages One and Two together would probably generate
significant levels of associated development and patronage provided that there is ‘buy in’
from land holders and developers in the corridor.

Alternatively, Stage One of the line should be used as a catalyst for development within the
Stirling Central area to help encourage the preferred patterns of development. In this role,
Stage One must be tied to commitments to develop transit supportive land uses within an
acceptable timeframe and firm agreements should be in place to adequately cover operating
costs. In addition, under this scenario, Stage One should only proceed if there is certainty
that the full system will be built to ensure a more financially sustainable outcome.

It was further concluded that an investigation should be conducted to refine the initial
operating segment or extent of Stage One. Minor changes in the segment may benefit the
ridership by linking existing or near term destinations, a critical characteristic of successful
LRTs. In other words, the initial operating segment of the LRT should connect ‘somewhere’
to ‘'somewhere’ to foster ridership and to catalyse development. The segment should not be
based on right of way availability as the primary factor, but on the connection of destinations
and the frontage on development sites.
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On these results, further detailed study of the proposed LRT appeared warranted. Thus
Phase 2 of the study was undertaken. It was recommended in Phase 1 that the ability of an
LRT to shape and support the type, level and location of urban development desired be
considered in Phase 2. The requirements for effective integration with the rail and bus
networks (both operationally and physically) and potential issues relating spatial needs and
co-location of with other modes were also recommended for consideration in Phase 2.

System requirements

In order to assess the general characteristics of each mode, the following system
operational, environmental and economic requirements have been identified. Many of the
factors cannot be quantified or measured in this analysis due to the study scope. However,
the factors were taken into consideration in developing the alternative modal and running
way concepts.

1.4.1 Operational

Generate and Attract Local Trips — the proposed transit system, including both the
mode and service plan attracts riders with trips within the study area or to and from the
study area. Less emphasis is given to trips travelling through the study area.

Supports Desired Activities — the aim of the system is encourage an urban vibrancy
along its streets. Desired activities include sitting, walking, biking and other daily
activities.

Short Haul Service — the primary purpose of the 3.4-kilometre line examined herein is to
serve local as opposed to regional trips. Regional access to other centres is envisioned
to be provided by the Northern Rail Line and the Circle Line route in the foreseeable

future. Thus, a high frequency service with low waiting times is more important than
speed of operation.

FreejUsriey

Use Activation

Permanence Reliability

Identity +
Image

Figure 1.2 Essential traits of a successful short haul transit service
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Priority Where Needed — In its role as a short haul service, priority in a dedicated right of
way is only required where substantial congestion will occur throughout the day.

Integration with PTA Long Haul Service — There are two other potential long term transit
improvements that may require a dedicated right of way along Scarborough Beach
Road. A dedicated right of way is sought by the PTA for a potential BRT line extending
from Scarborough Beach through the corridor to the CBD. PTA has indicated its intent
to operate a service with 3 to 5 minute headways along the roadway and is interested in
co-locating the service with the short-haul service in a dedicated right of way. The PTA
is also interested in a dedicated right of way for operation of a regional LRT connection
from the study area south through Subiaco to the University of Western Australia. This
concept is set forth as a year 11-20 horizon project in the 20 Year Transit Plan. In
addition to integration with the proposed long haul BRT and LRT, the short haul service
will need to integrates with the PTA'’s conventional bus service.

Meets Ultimate Passenger Demand — The Phase | forecast broadly estimates between
26,000-40,000 passengers per day. The Phase Il forecasts resulting from the TODTrips
modelling show the following range:

Bus in Street

Tram in Street

BRT in Dedicated Right of Way
LRT in Dedicated Right of Way.

Due to private property ownership and the lack of access to parallel east west
alignments, it is assumed that the east west segment will run along Scarborough Beach
Road (SBR). It is further assumed that the proposed running way for the transit service
should support the ultimate expansion of the right of way along Scarborough Beach
Road from 30-metres to 42-metres. Two options, Ellen Stirling Boulevard and the
proposed Stephenson Boulevard are considered for the north-south segment.

1.4.2 Environmental

Carbon Reduction — ability to attract infill development will support savings in carbon
dioxide.

Low Traffic Impact — at a high level, the concept should support travel route choice for
all modes including vehicular traffic. For example, the dedicated right of way should
allow cross traffic at all intersections.

Supports Constrained Parking Supply — since the study area cannot support additional

car-based trips, parking will be constrained. The concept (including service plan) should
attract riders to alleviate demand for parking and car-based trips.
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1.4.3 Economic
While more detailed economic cost and benefit analyses would be developed as part of
a business case, the following economic factors were taken into consideration at a high
level.
appropriateness of Capital Cost for Benefits Delivered
reasonableness of Operating Costs

sensibility of Life Cycle Costs

potential for Market Value Uplift and Land Use Activation.
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Modal characteristics

The following chapter presents the performance characteristics of the four modal
alternatives. The intent is to introduce the modes in the context of the required
characteristics for the short-haul Stirling Glendalough line. No single type of quality transit
system is appropriate for all applications. The potential solution for Stirling should be
determined based on an objective and comprehensive analysis of the alternatives. The
criteria used in this analysis reflect the stated goals of the SCCA and these criteria may differ
from those in other settings, even within Greater Perth.

A mode comparison summary matrix is provided in Appendix A. In addition, a range of
hypothetical operating characteristics, scenarios and costs are presented in Appendix B for
each mode. The costs include capital and operating costs as well as life cycle costs for
various operating scenarios based on potential patronage and service patterns. The latter
determines ultimate equipment needs.

The reader is forewarned not to make generalizations about the performance of the Stirling
system based on international and national averages as presented below and in
Appendices A and B. Costs and performance measures are based on averages from urban
or suburban settings that may not be relevant to the Stirling corridor. The information simply
provides some basic parameters for illustrative purposes. A more detailed concept design
and service plan will need to be developed to more precisely determine costs for the Stirling
LRT.

Bus on street

Buses are flexible, comparatively cheap
to operate and relatively easy to
implement on city streets. They can
provide a high level of service and if
marketed correctly can help alleviate
congestion and increase the mode split
between private vehicles and public
transport. Buses can be implemented on
a corridor within a short period and can
are flexible enough that changes to
running times, frequency of service and
capacity can be implemented at short
notice (provided that the vehicles are
available). Buses are able to provide the
basic public transport function in almost
all applications and are the most common
form of transit mode across Australia and the world.

Photo 2.1 Conventional bus

However, in terms of attracting significant percentages of people away from private vehicles,
standard buses in regular streets do not compare to other systems with higher priority and/or
perceived public image. Without bus priority measures travelling times can be slow and
journey times long. Close spacing between stops and unpredictable traffic conditions can
reduce the reliability of the service and significantly slow down journey times. Circuitous
routes are generally provided to users with a community type service rather than a dedicated
mass transit service. Therefore, the appeal of buses over other transit modes, particularly for
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attracting ‘choice riders’ is considered to be less. Choice riders are those passengers who
can afford to use public transport as opposed to those who need to for physical or financial
reasons.

The average passenger trip length in kilometres for buses in the United States is (American
Public Transportation Fact Book, 2010) is 6.25-kilometres. This reflects that buses operate
primarily in central areas where origins and destinations are closer together.

Table 2.1 Typical Conventional Bus system characteristics

Transit type Street transit

Typical Maximum Passengers per Hour 4,000

Max. Frequency (vehicle /hr) 60-80
Avg. Passenger Trip Length (km) 6.25
Typical Station Spacing (m) 250-400
Propulsion Energy Diesel, Euro-Diesel, Natural Gas, Biodiesel, Hydrogen, Hybrid
Environmental Considerations Noise and street congestion
Technological Maturity High
211 Patronage capacity

Standard buses are able to accommodate anywhere from 20 to 110 passenger per vehicle
depending on size and configuration. From a basic level of service, standard buses are able
to provide peak hour capacity of up to 6,600 passengers per direction, however, this is
assuming that services are conducted using articulated buses and operate every minute.
Although this may be possible theoretically, in a realistic situation, the actual capacity would
be slightly lower.

For standard operations in peak hour conditions, buses without significant priority generally
cannot keep to scheduled timetables. Thus when service levels fall below 5 minutes
headways, bunching of services often occurs which results in one bus being overloaded and
running late, while the second bus trailing behind the first with minimal numbers of
passengers. Operating standard buses at one or two minute frequencies using standard
infrastructure also causes issues with passenger loading, bus queuing, road congestion as
well as stop lengths and infrastructure requirements. When the level of service reaches this
degree, the optimum function of the service degrades.

2.1.2 Capital costs

Since standard buses operate on regular roadways, there is minimal infrastructure costs
associated with placing the service in a corridor. Infrastructure costs that should be
considered however include the ability for the road surface to accommodate bus traffic, stop,
seating and passenger shelter infrastructure as well as lighting. These costs are generally
already incorporated within typical designs of major roads and arterials. Vehicle costs range
for $400,000 for a 12.5 m rigid bus to $600,000 for an 18.5 m articulated bus.
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2.1.3 Operational costs

The operating cost of a standard Australian bus can differ from city to city however; the
standard operating cost for a bus is $3.00 to $4.00 Australian dollars per kilometre of
operationW. Elements such as maintenance, size of vehicle, age, fuel consumption, drivers
wages, management, terrain, type of service (express/all stops) all contribute to the cost of
operating a bus.

2.1.4 Value uplift

There is a direct correlation between access to public transport services and increased
property values. The value uplift of property adjacent or within walking distance (10 minutes)
of conventional bus service is not as measurable as seen with other modes of public
transport. In addition, there is little attraction of new development investment due to
availability of bus service, especially on low- to mid-frequency routes.

2.1.5 Running ways

Buses are able to operate on almost any street environment in major cities. However, the
heavy weights of buses can cause damage to roads which have not been designed to
handle the vehicle weight. Buses operate in standard traffic lanes generally in the kerb side
lane if on multiple lane roads. Considerations should be made regarding pavement strength
and width of lanes when constructing roads to handle buses. Extra attention should be made
around bus stops and areas where buses frequently brake as these surfaces, if not designed
correctly, can lead to warping and uneven road surfaces.

2.1.6 Corridor reservations

Since buses operate in standard roads, there is little requirement for additional corridor
reservations. However, there is a preference for buses to operate in lanes which are around
3.5 m in width. This allows for sufficient room on either side of the vehicle for general
manoeuvring.

2.1.7 Stations

In regards to bus stops and stations, bus stops are generally referred to as standard bus
stops or bays on the side of the road. Bus stations are generally referred to as locations with
larger passenger facilities, where multiple buses operate from and where a transfer between
services by passengers is possible. Bus stops are generally spaced between 250-400 m
apart and are intended to provide maximum coverage to the community as possible. Bus
stops can consist of anything from a single pole or sign on the side of the road to large
passenger shelters with real time passenger next bus information, advertising and
timetables. Some shelters located in harsh weather conditions can also be enclosed and are
air conditioned.
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2.1.8 Vehicles

Buses come in various shapes, lengths, widths and heights. From small minivan type vehicle
capable of carrying 12 passengers to articulated and double deck buses able to
accommodate over 100 passengers. The variation can be significant; however, standard
buses in Australia are usually 12.0-12.5 m in length for standard single deck rigids and

18.0 m in length for articulated buses. The standard width of a vehicle in Australia is

2.5 m however; this can vary by plus or minus 10 cm.

2.1.9 Other elements
Power source

Buses generally have diesel internal combustion engines, however, in recent year the
advances in technology have lead to new, greener forms of propulsion systems. The
alternatives to diesel include Euro standard diesel, Compressed Natural Gas or CNG,
Liguefied Natural Gas (LNG), Ultra Low Sulphur Diesel (ULSD), Bio Diesel, Hybrid Diesel
Electric, Trolley Bus or Electric, Fuel Cell and Hydrogen. However, some technologies are
still in the testing phases while others are mature, costs are still considered to be relatively
high in comparison to the standard diesel bus.

Manufacturers

There are numerous manufactures of standard and custom made buses in Australia. The
most common manufacturers include, MAN, Scania, Renault, Iveco, Mercedes Benz, Volvo,
Mitsubishi and Toyota. In most instances around Australia buses are shipped to Australia in
chassis form and then a bus bodies are manufactured here in Australia to suit the client’s
requirements. Alternatively fully assembled buses can be purchased directly from the
manufacturer.

Loading

Passenger loading is conducted through one or more doors on a standard bus. Generally in
Australia, street buses will consist of one or two doors for a rigid and two to three doors for
an articulated buses. Passenger loading is conducted thought the front drivers door while
unloading is generally via the rear doors. Due to fare payment within the vehicle, the loading
time can vary widely at a station thereby affecting schedule reliability. However, the
introduction of smart card ticketing systems is seeing movement towards loading and
unloading from both doors.

Gradients

In most instances buses are generally able to grades of up to 13-15%, with 10% generally
applied as practical maximum grade. However, grades of this magnitude generally require
more powerful vehicles. CNG buses for example may have the same power to weight ratio
as a standard diesel bus, however, the torque curve and power range alter dramatically
especially when in demanding situations like hilly terrain. Therefore, short steep sections
generally do not affect bus operations, however, longer vertical inclines require operators to
consider the types of vehicle specifications required to operate the service.
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Turning radii

The turning radii on most buses would be considered to be good when comparing to other
types of mass transit. However, the turning radii of vehicles can vary depending upon
manufacture, length of vehicle and the floor height of the bus. Generally buses with less than
12 m in length have the greatest turning ability, followed by articulated buses, standard

12.5 m rigids and then tri-axel 14.5 m length buses. Typical road design standards require
that all buses be able to negotiate as 12.5 radius.

2.2 Tram on street

For the purpose of this report, the
definition of tram on street refers to a
tram or light rail vehicle that operate
either in mixed with general traffic or in
mixed use lanes with high occupancy
vehicles or with other modes of public
transport. Terminology in the United
States often refers trams as either
Trolleys or Street Cars. There is often
confusion between the difference
between tram and LRT. The report
defines trams as being smaller, slower

Speejd’ less prioritisgd, Iocal.serving Photo 2.2 Streetcar (tram) in San Francisco
public transport vehicles which operate with parallel bike lane and on-street
on steel rails.

parking

Street running systems (SRT/trams) are primarily designed as local area circulators, not to
serve long haul commuter trips. Along SRT corridors, station spacing is typically within
relatively close proximity allowing the LRT to serve as a ‘pedestrian accelerator.’ It can also
be described as a ‘horizontal elevator’, similar to a multi-floor department store, with a
different purpose or function at each station. A well designed SRT route will show good two-
way patronage throughout the day as it supports multiple uses, such as shopping during the
day and leisure trips after hours as well as commuter trips during the peaks.

Table 2.2 Typical Street Car/Tram characteristics
Typical Maximum Passengers per Hour 13,000
Typical Maximum Frequency (trains/hr) 12
Avg. Passenger Trip Length (km) 1.6
Typical Station Spacing (m) 120-240
Propulsion Energy Diesel, Electric
Environmental Considerations Street congestion & minor visual impacts
Technological Maturity High

PARSONS BRINCKERHOFF 10-0477-02-2106689A Page 13



Stirling City Centre Light Rail Feasibility Study - Phase 2

2.2.1 Patronage capacity

Trams come in varying shapes and forms and therefore their capacity varies significantly
between different applications. Trams can be single carriages, multiple units or coupled sets
ranging from the size of a standard bus to a coupled set of two 40 m length multiple
articulated section trams. Therefore the diverse range of tram types available affect the
passenger capacity of a tram line. With trams capable of carrying up to 530 passengers, the
theoretical peak hour capacity can easily reach 30,000 passengers per direction. However,
most tram lines operate with frequencies of 2-5 minutes thus their capacity is between
7,000 and 16,000 respectivelysB. However, assuming that a standard tram length of 30-40 m
in length is used trams have the capacity for approximately 6,500 passenger per direction
per hour with 2 minute headways.

2.2.2 Capital costs

The indicative range for capital costs per kilometre of track and infrastructure is
approximated to be between $10m and $100m. Examples are provided in Table 2.3 below.
However, a significant proportion of the higher cost projects have incurred these cost due to
considerable infrastructure requirements such as grade separation, tunnelling, utility
relocation and property acquisition. For tram lines which are constructed in new corridors or
retrofitted to existing corridors, the cost of construction decreases. The estimate for the new
Gold Coast Tram line is between $18m and $22m per kilometres. This general figure usually
includes the construction of two tracks, power and signalling infrastructure as well as in most
cases depot construction, road widening or alterations and station infrastructure. Tram
vehicle costs generally range from $4.5 million for a 30 m vehicle to $6.5 million for a

72 m vehicle.
Table 2.3 Adelaide Street Car/Tram characteristics
Tram line Length A o Klometre.  passengers

Adelaide
Victoria Sq — Glenelg 10.8 km 9,500
City Extension 1.4 km $22.1m 11,500
Entertainment Centre Extension (including 2.8 km $35.7m 2,500
bridge widening)
Melbourne®
Box Hill 2.2 km $12.7m
Vermont South Extension 3.0 km $10.2m
Docklands Drive Extension 1.0 km $7.5m
Sydney? 7.2 km $15.1m
Manchester, UK 37.0 km $23.4m 55,000
Montpellier, France 35.0 km $35.2m 190,000
Portland Streetcar, USA®
Downtown Line 3.84km  $27.6m per kilometre
Extension 0.96 km  $31.2m per kilometre 5,600

http://transporttextbook.com/?p=21
http://epress.anu.edu.au/agenda/004/04/4-4-A-4.pdf
http://www.lightrailnow.org/facts/fa_por-stc-data-01.htm
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2.2.3 Operation costs

Some studies from around the world have claimed that the operation of trams is cheaper
than the operation of buses because of the different power sources. In some cases this may
be true however, often the operation costs aren’t fully comparable. The typical Australian
average for operational costs in Australia are between $5.00 and $15.00 per vehicle
kilometre™". However, like buses and BRT the actual cost can depend on specialised
maintenance, driver wages, management, stop spacing and the power source. There is less
emphasis on terrain and size of vehicle than with buses. However, one consideration that is
often neglected when comparing BRT to trams is the capacity of the vehicle verses the
operating cost. For example to operate a corridor that requires 6,500 passenger per peak
hour, a BRT cost per kilometre would be for 60 articulated buses or 30, 40 m length trams.
Therefore, the amount of drivers required doubles for the same volume of passengers.

2.2.4 Value uplift

Numerous studies have been conducted whereby the property values around tram stations
have increased dramatically. If a high frequency service is provided with a good reputation
and public image, property values can increase by as much as 40% as experienced in
Portland, USACD. Not only does property values increase but so to can rental returns for
office and retail space. Office and retail space rent can be as high as 50% greater around
stations than surrounding arterial roads®™. In most instances trams have increase property
values between 7% and 25% with a large proportion of these being at the higher end of the
scale.

2.2.5 Running ways

The running ways of trams can be located on humerous different configurations, requiring
the “right solution for the right problem” for each line. In other words, there is no single best
universal solution. It is also important to recognize that tram systems often evolve over time
and preferred running way configurations may change to meet shifting priorities.

Generally trams operate in regular street environments where they are mixed in with regular
traffic (similar to conventional bus service). However, trams are not limited to on street
running. Some tram systems operate around the world using a combination of running ways.
Take Melbourne and Adelaide for example, trams that operate in regular traffic, operate in
segregated corridors within the street or like the St Kilda tram or Glenelg tramway, operate
within their own corridor off street with grade separated or controlled level crossings.
However, trams that operate their majority of service in these separate corridors are referred
to as Light Rail Transit rather than trams.

Trams can operate in the centre of the street, along segregated tracks on each kerb side (for
two way streets), single kerb side for one way streets; and dual track on a single kerbside.
The most common application is centre running due to less conflict with side street traffic, an
improved corner radius, resulting in less land take and the ability to combined infrastructure
such as stations, signalling (if applicable) and overhead centenary wires at a single location.
It generally offers the potential for faster running speed.
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Side running tracks allow for the seamless integration of the platform with the foot path,
public plazas and retail activities, which can help to activate a street. It also allows for the
creation of a narrower street section since platforms can be extended from the footpath in
lieu of a small number of parking spaces. It also allows for integration with a kerbside bike
lane and on street parking as is the case in San Francisco. However, the split kerb side can
be delayed by vehicle turning movements, parking and pick-ups and delivery. The dual track
on a single kerbside, such as in Nantes, France, addresses these concerns. It utilizes a
dedicated right of way which is seamlessly integrated with the footpath and street activities
such as a cappuccino strip.

Trams can also operate in corridors that are shared with other public transport modes.
Examples exist in Europe where trams and buses share corridors in busy inner city
locations. There are also examples where trams and kerb guided BRT systems share the
same corridor.

The most common form of running way bed or trams is either located on slab or concreted
track. However, in older cities found in Europe, often the running way are located in paved or
pebbled track beds.

2.2.6 Corridor reservations

The right of way required to operate trams is generally between 3.1 m and 4.0 m depending
on the situation. This applies to both mixed traffic situations and segregated lane operation.

2.2.7 Stations

There are two station configurations generally used for regular tram stations, central island
platforms or side platforms. There are advantages and disadvantages on each platform
position, however, there is no overall preference for one or the other. The position is
depends on the application to which the tram system is being applied.

Both options are applicable to centre running trams. Centre islands can decrease
construction costs but make it more difficult to share the right of way with buses due to
opposite door configurations. In addition, the resulting median strip is restricted from any
activity. Centre islands are generally raised above, but can be slightly depressed below
street level to create virtual platforms as is the case in Reinach Dorf, Germany. Outside
platforms allow for integration with buses but result in two outside planting strips that cannot
be used for activity. In both cases the, residual strips can be planted to increase visual
amenity, but will require maintenance.

Generally where trams are operating in the central median of a road corridor there is a
tendency to opt for central island platforms as they offer the benefit of reducing the required
width of the corridor as the passenger waiting and loading areas are combined into a single
larger platform rather than two smaller kerb platforms. For trams operating in the kerb lane of
a roadway, the platforms are generally incorporated within the pedestrian footpaths.

A variation on the side platform is a signalized all-stop street stop such as is used in Reinach
Dorf, Germany. The signalized all stops uses the traffic lanes as a platform by stopping all
traffic at a signal prior to the station. This allows the pedestrians the opportunity to cross at
mid-block locations, but works best in low traffic volume situations.
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The overall length of tram platforms varies from system to system. Most systems design
platforms for the largest tram unit that will operate on the system. However, many systems
have grown to a point where platforms are required to be extended to enable larger trams to
serve them. Generally, tram platforms range from 30 m to 80 m in length. However, it should
be noted that if smaller platforms are selected in the initial system, contingencies should be
put in place to ensure that the platforms can be extended if future requirements demand
them to be.

2.2.8 Vehicles

Street running trams can come in many shapes and forms. Older trams are usually single
units and are not wheelchair accessible however, most modern tram are low floor vehicle
and are made up of multiple segments. Both old and new trams can be designed to be
coupled together to operate a longer consist and increase capacity without increasing
frequency. Trams can range in length from 10-12 m for a single section to 55-80 m with
multiple sections. Trams in Budapest operate as either single 7 or 9 section vehicles of 40 or
54 m length or as double length sets (two trams coupled together) of 80 m. It has also been
demonstrated that up to three tram units can be coupled together and successfully operated
as a single 120 m length tram. However, these trams of this length are not practical as
station lengths, operation and manoeuvrability also become difficult with vehicles of this size.

2.29 Other elements

Power source

The most commonly used form of power supply is from overhead catenaries wires. However,
technological improvements to power supply delivery has increased dramatically over the
last decade. There are now various forms of power supply that can be used for trams. Some
of the alternative power sauces include, ground based power supply (GBPS), which is
currently extensively used in Bordeaux, France, where the power is drawn from a third rail
that is positioned in the centre of the track. Other alternatives to overhead wires include
standard and nickel-hydrogen batteries where power is recharged at points along the route
or at stations which can then be used to propel the tram when the overhead power supply is
not present. However, these technologies are still developing and the current systems do not
allow for high speed operation.

A new potential emerging technology is electromagnetic power supply. This consists of
transferring power from the power cables buried beneath the rail to the tram vehicle into
magnetic fields which induce an electric current that can be picked up by coils onboard the
tram. This process uses the same technology used to power electric toothbrushes. Currently
the technology is not in commercial operation however, a test track in Augsburg in Germany
is currently under construction®®.

Manufacturers

There are several manufacturers when it comes to the manufacturing of tram vehicles. They
major manufacturers include Bombardier, Siemens, Alstom, Skoda and INEKON.
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Loading

Trams are designed for cater for large volumes of passenger entering and exiting the
vehicles. A typical tram vehicle is designed to have large open areas and multiple doors. For
a standard 30 m length tram, it typical to have between three and six doors per tram unit
regardless of whether it's a two or five section tram.

Gradients

Generally most street running trams can operate on gradients of up to 6%. Some trams are
able to have gradients of up to 10%; however, these trams do require traction equipment to
be installed on all axels to achieve this grade.

Turning radii

Depending on the type of tram selected, tram turning radii range from approximately 15 m to
30 m with most manufacturers falling between 18 m and 25 m. Ideally most tram systems
are design for the maximum allowable radius to reduce noise, maintenance and allow for
greater speeds around corners.

2.3 Bus Rapid Transit (BRT)

The definition of Bus Rapid Transit (BRT)
can vary significantly when comparing to
different examples across the world. As
shown in Table 2.4 below, BRT can be in
various forms, ranging from very simple to
complex improvements. However, the
elements that identify BRT over standard
bus services is the higher quality of service
provided to passengers, improved reliability
and reduced travel times. BRT systems
often provide users with more frequent Photo 2.3 Centre island platform along
services over a long period of time and Eugene, Oregon EmX BRT line
greater capacity to move larger volumes of

passengers. BRT provide fast and efficient

public transport service which are able to get passengers to their destinations while providing
flexibility in relation to routes, services and capacity. More complex BRT systems have been
referred to as ‘light rail on rubber tyres’.

Table 2.4 Range of BRT characteristics
Stations Roadway Service plan Vehicles Systems
Simplest  ‘Super’ stops, Mixed traffic, Single Buses with Radios,
shelter Queue All-stops line Unique Rte. Electronic fare
jumpers ID’s, Head boxes
Signs
Most High platforms, Fully grade- All-stops, Hybrid, Central Control
complex  P/R, amenities separated On-line Guided, Room, TSP,
services Transitway expresses, Specialized CAD,
feeder/ Vehicle Smart Cards
line-haul Proof of

payment

Source: S Zimmermann, World Bank
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Table 2.5 Typical BRT characteristics
Transit type Semi-rapid transit
Typical Maximum Passengers per Hour 4,000-20,000
Typical Maximum Frequency (veh/hr) 60-80
Avg. Passenger Trip Length (km) 6.0
Typical Station Spacing (m) 400-800
Propulsion Energy Diesel, Euro-diesel, Natural Gas, Biodiesel, Hydrogen, Hybrid
Environmental Considerations Noise, visual and minor traffic impacts
Technological Maturity High
Land Use Integration and Placemaking Low — High
Market Value Uplift High (Stations Only)

Average Operating Cost per Seat- kilometre <> $1

2.3.1 Patronage capacity

BRT systems vary in size and scale from queue jump lanes on arterial roads to major
corridor like in Brisbane Busways in Queensland, Bogota, Columbia and Curitiba in Brazil.
The peak hour capacity of a BRT is dependent on the level of infrastructure invested into the
system and the frequency in which the service operates. For example the Bogota system
claims to be able to handle 67,000 passengers per hour” in the corridor where as the South
East Busway in Brisbane is now carrying 20,000 passenger per hour in the peak direction
and the Adelaide O-Bahn is capable of handling 7,500 passengersA. However, the Sydney
Transit Way T80 BRT route operates at up to 5 to 7.5 minute frequencies in peaks with
standard buses with a capacity of approximately 600 passengers per hour. However, the
theoretical capacity is closer to 3,000 to 4,000 passengers per hour and the failure to
introduce integrated service structure is the main reason why demand is not higher.

2.3.2 Capital costs

Like patronage capacity, and as shown in Table 2.6 below, the capital costs of the BRT
network can vary dramatically depending upon the application. If queue jump lanes and
signal priority are the only infrastructure built then the construction cost per kilometre can
range between a $0.25m to just under $2.0m"" °. However, should the BRT system feature
grade separated crossings, elevated structures or tunnels then the cost can increase up to
$158m per kilometre such as the Inner Northern Busway in Brisbane®".
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Table 2.6 Existing BRT characteristics
BRT line Agg;?);ig:?(ﬁfoﬁ]a;irtgl Daily passengers
Adelaide O-Bahn 12.0 km $8.2m 30,000
Brisbane
South East Busway 16.5 km $22.4m 150,000
Northern Busway $104m
Inner Northern Busway $158m 55,000
Sydney Transitway 31.0 km $11.2m
Curitiba BRT 60.0 km $1.5
Bogota BRT 84.0 km $7.4m — 16.6m 1,600,000
Istanbul BRT 47.0 km $2.0 — $11.0m 850,000
2.3.3 Operational costs

Since most BRT systems use standard buses, the operating costs for these vehicle are very
similar to that of regular city buses. However, specialised BRT systems such as the Adelaide
O-Bahn or the optically guided busways in Europe have slightly higher the maintenance
costs than standard vehicles. These additional costs can however, be offset by the benefits
of improved running performance and reduced kilometre costs by increased efficiency.

Therefore bus operating costs can vary from $3.00 per kilometre to $19.00 kilometre”®”.

2.34 Value uplift

There have been several studies around the world which have examined the property value
increases that BRT systems have on surrounding neighbourhoods. Some BRT systems
around the world have recorded significant growth in property values; Brisbane is often cited
as a good example of how BRT has influenced values. Properties around the Brisbane BRT
have recorded increases of up to 20% when compared to surrounding suburbs®®. However,
the Brisbane BRT is a highly prioritised BRT system that has very high service frequencies.
Growth on property values along corridors with standard dedicated bus lanes and small
scale bus priority are unlikely to attract such high levels of value uplift.

2.3.5 Running ways

BRT does not necessarily mean a bus that operates on a segregated busway. There are
numerous examples around the world that demonstrate the various forms of BRT operation.

Some of the best known examples of BRT are located in Bogota, Columbia and Curitiba,
Brazil; however, these two systems have been designed to move large volumes of
passengers over relatively long distances. They operate completely in their own right of way
with mostly at-grade intersections
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The Adelaide O-Bahn, is an example of a guided busway designed to serve long distance
commuters. This system operated in its own right of way (specially fitted vehicle are only
able to use the guideway), is fully grade separated, has limited stops and a narrow corridor
(approximately 8.0-metres). The guideway and limited stop spacing enable high operating
and running speeds (average 50—60 km/h operation with maximum 100 km/h operating
speeds).

The Brisbane busways are dedicated roadways that allow buses to travel at higher speeds
without the restrictions of other general traffic and congestion. The South Eastern busway
operates along the South East Freeway in dedicated grade separated lanes. Parts of the
South Eastern Busway also operate in dedicated bus only tunnels.

The Sydney Transitway (T-Way for short) has three main lines and a total length of about
60-kilometres. The first line from Liverpool to Parramatta operates in a segregated right of
way (in a former road reserve) for about two-thirds of its 30-kilometre length with the
remainder featuring dedicated on-road
T-way lanes. The Northwest T-way
runs besides major arterial roads as
well as on street full time bus lanes.
The Orange BRT Line in Los Angeles,
USA, operates on dedicated lanes
however, has at grade crossings
which are prioritised for the BRT.

Although, many of the world’s
examples involve high levels of capital
expenditure, BRT can also refer to
simpler, cheaper options such as bus
priority lanes, queue jump lanes at
congestion hotspots and/or bus
priority phasing at intersections. In
several systems, dedicated bus lanes
are shared with cyclists, motorbikes Photo 2.4 Fully dedicated BRT corridor
and/or taxis to make more efficient use

of the right of way.

2.3.6 Corridor reservations

The corridor of a BRT system can vary significantly depending upon the type of system
adopted. Generally, for dedicated bus lane a 3.0 m to 3.5 m width kerb lane is an adequate
width to accommodate most BRT vehicles. For BRT systems operating in central medians or
within their own right of way, a 3.5 m to 4.0 m corridor width is recommended. However, as
the speed of the BRT increases so too does the required road width. Guided systems can
operate at higher speeds in smaller corridors however, require greater amounts of
infrastructure. The overall corridor width also will significantly increase at stations unless they
are integrated within the roadside pedestrian realm.
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2.3.7 Stations

In most BRT systems around the world, the spacing between stations is generally greater
than regular bus services. Station spacing is typically between 500—600 m compared with
the standard 250—-400 m. However, on the long distance commuter based systems, station
spacing is similar to LRT or train station spacing of 1 km to 5 km. Stations are also designed
to cater for larger amounts of vehicles, greater areas (often sheltered) for passenger waiting
and improved security and public transport information (Intelligent Transport Systems
technology). Systems like Bogota and Curitiba include fully enclosed platforms with screen
doors to replicate a metro style boarding system as well as having ticketed waiting areas,
requiring passengers to purchase tickets prior to entering the station but allowing for multiple
door loading and unloading.

Stations can be in various shapes and forms ranging from single or double bus bays
platforms to multiple zone catering for 10-20 buses. The size of the station depends on the
amount of throughput and whether the station is an interchange to other services. Stations
can also be designed with overtaking lanes to cater for express buses or skip stop services.
Systems in Bogota, Adelaide, Brisbane and Sydney all allow for buses to pass each other at
stations, whereas systems in Curitiba do not allow this. The benefit of allow buses to
overtake at stations enables overtaking of other services which may require longer
passenger loading time, operate on an express or skip stop pattern or have broken-down.
However, overtaking lanes significantly increase the land area and right of way required for
each station.

Most BRT stations are kerb side loading, meaning that standard buses are able to use both
the BRT stations as well as regular road side kerbs bus stops. However, some systems
provide centre island platforms in which case the vehicles are specially designed for the BRT
only. Some BRT's even have doors on both side of the vehicle for dual side loading or ability
to use centre or side running platforms. Centre island platforms provide the ability to merge
and reduce the overall required space for passenger loading, thus removing the space
required for each station and therefore the overall corridor width is less. However, centre
island platforms do provide issues in terms of types of buses that can be used or the
operation of the BRT. Istanbul, Turkey operate standard buses on their BRT whilst using
centre platforms. However, buses are required to operate on the opposite side of the corridor
(or run again the standard traffic flow).

2.3.8 Vehicles

There can be a significant variation between different types of vehicles that use BRT
systems. Floor heights are an essential component to any BRT. Most BRT systems around
the world utilise low floor or fully low floor (all seating and entry points are at the same
height) buses. Older systems such as the Adelaide O-Bahn still use high floor buses with
steps however, most of these vehicles are gradually being replaced with low floor models.
The South American examples of BRT use fully high floor vehicles with high floor platforms.
These buses remain fully accessible with same level boarding with all stations being fully
accessible.

Buses can also come in various shapes, lengths and styles. The BRT systems in operation
in Australia use standard rigid and articulated vehicles that can penetrate regular streets.
Systems in the Los Angeles and Las Vegas in the United States have special stylised
vehicles which are sleek, modern and are different to standard city buses, thus giving the
impression of a premium service similar to a metro, tram or LRT. Buses can also be of
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varying lengths, again in Australia standard rigid and articulated buses are used (12.5 m and
18.5 m in length respectively), however, BRT systems in Europe and South America use

24 m length double articulated vehicles. These vehicles have a much greater capacity
however; their size can restrict their operation to BRT systems only.

Finally there are also several forms of guided vehicle currently in operation on BRT systems.
There are three forms of guided bus systems currently around the world. Firstly is the
mechanically guided O-Bahn, this system relies on small horizontal wheels running against a
solid kerb or guideway. This system has proven to be reliable but maintenance costs of
vehicles can be an issue. The benefit to the system is higher speed operation, up to

100 km/h or more and a narrower corridor (8.5 m). The system does have a few drawbacks,
firstly there is a significant increase in capital costs and secondly all large crossings must be
grade separated. The second guidance system is optical or magnetically guided buses,
these buses rely on guidance systems placed both in the bus and within the pavement to
guide the vehicle. These systems with are mostly operating in Europe are better suited

to lower speed, confined, inner city operation.

2.3.9 Other elements
Power source

Most BRT systems around Australia and the world utilise standard diesel powered buses.
The new buses that are introduced into Australian BRT systems generally meet the strict
standards that have been applied in Europe on emissions standards (Euro V). However,
there are a wide variety of bus options that can be used for BRT vehicles. The second most
common form is Compressed Natural Gas which again is widely available in most Australian
cities, including Perth. However, greener technologies are being applied to the bus
manufacturing industry and more and more alternative options are becoming available.
These include hydrogen, fuel cell, electric and bio-diesel. However, the maturity of these
alternatives is relatively low and system wide operations are generally uncommon. Another
alternative to an onboard fuel supply is to operate electric buses using overhead wiring
systems. However, this option increases the capital cost of construction and has similar
visual amenity issues to Trams and LRT.

Manufacturers

Since in most instances BRT vehicle are similar if not the same as standard buses, most
manufacturers who build standard buses will be able to supply BRT vehicles, this includes
some manufacturers who provide stylised vehicles especially for BRT systems.

Loading

In most instances on Australian BRT systems passenger are loaded from the front door with
passengers exiting any door. Standard buses are equipped with one to three doors and
articulated buses equipped with two to four or five doors. Double articulated buses used in
Bogota and Curitiba can have as many as seven doors. Since the South American systems
have been designed for large passenger volumes, all stations are ticket controlled and
require passengers to have tickets. This also enables the vehicles to be loaded and
unloaded from any door. This simultaneous boarding and alighting system from any door
radically reduces stationary time at stops, thus increasing the passenger throughput per
hour.
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Gradients

The maximum achievable gradient for BRT buses is similar to that of standard buses.
However, long inclines using double articulated buses can cause some issues with
increased running times and the physical loading on the engine. It should also be noted that
larger volumes of passengers per vehicle also affect the ability for vehicle to accelerate or
maintain speed up inclines.

Turning radii

Like standard buses, BRT also have similar turning radii’'s. However, double articulated
buses may require larger turning circles and clearances than standard rigid and articulated
vehicles.

2.4 Light Rail Transit (LRT)

As previously mention there is often confusion
between trams and LRT. For the purpose of
this report, Light Rail Transit or LRT will be
referred to as LRT vehicle with operates either
within a dedicated corridor either with the road
corridor or within its own reserve. LRT can also
refer to elevated or underground systems. For
example the fully automated Docklands Light
Rail in London or the Dubai Metro is considered
to light rail transit rather than metro services.

Figure 2.1 Centre median running LRT
There can be similarities between the two with outside platforms in

definitions and even in some cases a system Portland, Oregon

can be both. For example the Glenelg tram line

in Adelaide operates as a tram in mixed traffic in Glenelg before becoming an LRT running in
a dedicated reserve with level or grade separated crossings, the line then reverts back to a
tram when running through part of the city centre, again operating in mixed traffic before
returning to LRT half way through the city when it operates in a dedicated centre lane within
the road reserve.

Table 2.7 Typical LRT characteristics
Typical Maximum Passengers per Hour 9,000-32,000
Typical Maximum Frequency (trains/hr) 12
Avg. Passenger Trip Length (km) 6.4
Typical Station Spacing (m) 240-5000
Propulsion Energy Diesel, Electric
Environmental Considerations Moderate visual impacts and additional right of way
Technological Maturity High
Land Use Integration and Placemaking Moderate
Market Value Uplift High (Stations Only)

Average Operating Cost per Seat - Kilometre  <$1
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24.1 Patronage capacity

Trams and LRT have very similar capacities in terms of both passengers per vehicle and
passengers per hour. However, the general difference between trams and LRT vehicles is
their size and capacity per individual vehicle is generally greater than that of a street running
tram. The added benefit of LRT systems is that often they are segregated from regular traffic
but are not limited to operating with traffic. Due to the exclusive right of ways LRT systems
are able to operate more frequently with less congestion, improved performance and hence
larger passenger throughput. LRT systems can achieve peak hour passenger very similar to
trams however, the slight increase in passengers per vehicle and the ability to have longer
vehicle stipulates that LRT systems can achieve a throughput of between 30,000 and
40,000 passengers per hour. However, this requires high levels of vehicles per hour and
high priority within the corridor.

2.4.2 Construction costs

LRT systems operate in their own segregated corridor, meaning that construction costs can
increase or decrease dramatically depending upon the application. For LRT systems
operating in their own corridor away from roads and crossings, costs can be as little as
$10m per kilometre. However, when LRT systems are placed in road reservations, costs can
quickly increase. This is also the case when LRT systems are constructed above or below
grade or where grade separated intersections are required. Generally the construction costs
of LRT are similar to BRT if they are being proposed in a similar application.

Table 2.8 Existing LRT system characteristics
LRT line Length Appromma_te capital Daily
cost per kilometre passengers
Denver, USA
South West Corridor® 13.92 km (plus central $43.74m 22,500
line 8.48 km)
South East Corridor 30.56 km $34.33m 32,000
East Corridor 36.32 km $25.91m
West Corridor $43.74m
Gold Line $59.34m
Portland, USA
Blue Line MAXX 28.8 km 66,300°
Red Line MAXX 8.8 km 25,700
Yellow Line MAXX 9.3 km 13.600°
Salk Lake City, USA 16.96 km $37.66m 9,500"
Dubai, United Arab Emirates 75.0 km® $50.0m 59,347°

http://www.cfte.org/success/success_denver.pdf
http://www.lightrailnow.org/news/n_newslog2007g2.htm#POR_20070426
http://www.lightrailnow.org/news/n_por_2007-07a.htm

http://www.fta.dot.gov/regional_offices_9054.html

http://dubaimetro.eu/about-dubai-metro
http://dubaimetro.eu/featured/3751/dubai-metro-mall-of-the-emirates-station-lifts-the-most-number-of-passengers

4
5
6
7
8
9
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2.4.3 Operation costs

Trams and LRT are very similar in nature and often trams car purchased can be used for
either tramway or an LRT system. Therefore, the general costs of a tram would be similar to
an LRT.

244 Value uplift

Like trams LRT systems have a dramatic effect on property values around stations and the
corridor. LRT systems are more likely to attract development and increase property values
more than conventional bus transit systems. This is due to the fact the LRT systems are
seen as more a ‘Mass Transit’ style service rather than a regular public transport service.
The segregated right of ways and their ability to overtake congestion provide the public with
a perception that they are a more exclusive mode of transport. LRT systems also have
higher reliability and are often stylized to improve their image. These characteristic all
contribute as a catalyst to development as well as having significant increases to
surrounding property values.

2.4.5 Running ways

LRT systems generally operate in their own right of ways either within road corridors or
within their own right of way. Like trams and BRT systems there are three locations that LRT
tracks can operate. Centre of the road, split to the kerb lanes or double tracks on one side of
the corridor. Generally LRT systems, if operating in streets, operate in the central median.
This allows for greater operation flexibility and increases the radii's required to manoeuvre
the LRT vehicles around corners. Since LRT vehicles are often longer than trams, larger
corner radii's of 25 m or more are required.

2.4.6 Corridor reservation

The downside to operating LRT in dedicated lanes in a road corridor is that the additional
space required for the LRT system can increase the land required for the corridor. Since LRT
operate in a dedicated lane, if a barrier or median is placed between the general street traffic
and the LRT tracks, the corridor can increase from the standard 3.5 m per lane to 4.0 or

5.0 m per track. This creates issues when reservations are tight as the corridor often
requires 8.0 m to 10.0 m for dual tracks, not including stations.

247 Stations

Like regular street running trams there are two forms of stations commonly used for LRT
systems. They are centre island platforms and side running platforms. The lengths of the
platforms are also very similar, with most LRT and tram vehicle being the same overall
length. The one difference between the two types of station platforms is their height. Some
LRT systems operate with high floor trams which require high floor platforms. However, as
most modern cities look for the latest low floor technology, platform heights are generally the
same.
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2.4.8 Vehicles

LRT vehicles, like trams come in various shapes and forms. Most LRT vehicles are slightly
larger than street running trams. Generally trams are between 2.3 m to 2.65 m in width,
depending upon the application LRT vehicles can be as wide as 3.2 m however, most
common examples are around 2.65 m. It should also be noted that the wider the LRT vehicle
the greater number of passengers they are able to carry however, larger vehicles are harder
to manoeuvre within city streets. Some LRT vehicle can be as long as 20.0 m or more,
however, like the width of the tram; longer vehicles increase the corner radii required.
However, most modern LRT vehicles are made up of multiple sections that can be coupled
together. The San Diego LRT often operates their 27.7 m length LRT vehicles in two or three
sets. The other main difference between trams and LRT is that LRT vehicle are often
designed to achieve higher running speeds. LRT systems can often reach up to

110 km/h where as trams are typically designed for 70 km/h operation.

2.4.9 2.4.9 Other elements
Power source

Like trams, most LRT systems draw power from centenary overhead wires. However, the
major difference between trams and LRT is that most LRT vehicles operate using 1.5 KAC
rather than the common 750 vDC. This is due to LRT operating at higher speeds in the
dedicated corridors. This increased speed and generally higher vehicle weights require a
larger power source. Some LRT systems use third rail technology, however, these systems
are generally fully grade separated and are not used in regular street running. Alternatively,
in recent years technology has allowed for diesel operated LRT routes. This alleviates the
requirement for overhead wires or third rail power supplies.

Manufacturers

Like street running trams, the main manufacturers for LRT vehicles are the same. The major
companies include Bombardier, Siemens, Alstom, Skoda and INEKON.

Loading

LRT vehicles are often designed to serve more the commuter function rather than the local
serving street running trams. Therefore, the amount of passengers boarding and alighting at
each stop is generally less. Therefore, most LRT vehicle are designed with maximum
seating configurations rather than more doors for fastest boarding times. However, LRTs are
not limited to this. It is more common to have between two and four doors per 30 m unit
rather than up to six doors like street running trams. Depending on the LRT vehicle selected,
the ability to load and unload at stations may cause issues at busy stations during peak
periods.

Gradients
Generally most LRT vehicles can operate on grades of up to 6%, however, typically LRTs

are designed with lower grades for faster operation. Specialised LRT vehicles could reach
grades of up to 10% if additional traction equipment is fitted.
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Turning radii

Due to LRT vehicle being larger than street running trams, the turning radii for these vehicles
is often larger than a trams. Most LRT vehicle requires radii's of 18.0 m or more however,
the standard turning radii for an LRT is 25.0 m.

2.5 Emerging technology — trams on tyres

TransLohr is a relatively new form of public transport technology. TransLohr combines the
advantages of rubber tyres, guided vehicles and electric propulsion. There are currently
seven cities around the world that have chosen TransLohr as their chosen transport
technology, these include Clermont-Ferrand, France, Tianjin, China, Padua, Italy, Venice,
Italy, Shanghai, China, Paris, France and Chatillon, France.

The TransLohr technology combines various aspects of standard buses, BRT, Trams and
LRT. TransLohr vehicle look and feel like a tram or LRT, this is an advantage as the
passenger perception about them would be considered higher than a standard bus or even
BRT. Also due to their rubber tyres they are more adaptable for hilly terrain and require less
road bed and ground level service infrastructure. The TransLohr vehicles are also able to
negotiate a tighter curve which makes them ideal for narrow, confined corridors.

TransLohr is a proprietary technology. Investment in such a system, limits the transit
provider to vehicles manufactured solely by TransLohr. This raises concerns as to the long
term viability of the system, cost competition among manufacturers and technological
maturity.

251 Patronage capacity

TransLohr has the ability to meet the same capacity requirements as most BRT, tram and
LRT corridor. TransLohr vehicles are able to accommodate a maximum of 345 passengers
on a 46 m length vehicle. They are able to operate at frequencies similar to trams, therefore,
the capacity ranges from 10,000 to 20,000 passengers per hour”.

25.2 Capital costs

Unlike trams and LRT, the ground level infrastructure required for a TransLohr is
considerably less. Since the vehicles operate using a single central guideway and run on
rubber tyres, the cost to construct the ground on which they operate is less. TransLohr
running track requires only 20-30 cm of track bed compared to an estimated 70 cm to

1 m for standard LRT and trams. This reduction in track surfacing reduces the cost of
construction to less than $10m per kilometre for standard applications to $46m in corridors
with high levels of infrastructure like utility relocation and grade separation.
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Table 2.9 Existing TransLohr systems - Costs

Eciﬁzts Length Vehicles Cost AUD  Vehicle V(e;gisctle C?gisttal
Clermont- €150.00m  14.50 km 20 $217.50m STE4 $69.60  $147.90
Ferrand, France
Padua, Italy €90.00m  10.30 km 16 $130.50m STE3 $51.04 $79.46
Venice, Italy €200.00m  20.00 km 20 $290.00m STE4 $69.60 $220.40
Tianjin, China €68.00m 8.00 km 8 $98.60m STE3 $25.52 $73.08
Shanghai, China €80.00m 9.00 km 9 $116.00m STE3 $28.71 $87.29
Operating cost €5.00m 1.00 km 1 $7.25
STE2 €2.00m $2.90m
STE3 €2.20m $3.19m
STE4 €2.40m $3.48m
STES €2.60m $3.77m

Source: Email by olivier.brihaye@translohr.com (7 June 2010) to Peter Wong (PB)

2.5.3 Operational costs

The overall operating costs of the technology have not yet been documented publically.
However, based on the electric propulsion system, it may be assumed that the operating
costs for the technology would be similar to that of standard trams or LRT vehicles.
However, there may be increased cost per vehicle kilometre as the rubber tyres of the
vehicle increase friction between the road surface and the tram thus requiring additional
power to accelerate and maintain operating speeds.

254 Value uplift

As TransLohr technology is relatively new to the industry, detailed market studies on the
current three systems that are in current operation have not yet been conducted. However,
assuming that the system offers the same operational characteristics as trams and/or LRT,
it is reasonable to assume that the value uplift returns would be similar.

2.5.5 Running way

The running way for TransLohr vehicles are similar to that of trams on street. The width of
the vehicles are similar and the positioning within the road corridor as also alike. Since
TransLohr vehicles are on rubber tyre, there is a slightly wider path in which is needed for
tyres. The guiding device is located in the centre of the running way and consists of a single
track in which the guidance system is attached to. Like trams and LRT the TransLohr can
operate on surfaces such as grassed track beds, concrete slabs or in standard roadways.
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Complications have been noted on the existing systems regarding running way wear and
tear which has required replacement. Since the rubber tyres are in a fixed location, unlike
BRT, the continuous forces placed upon the pavement where the tyres operate have caused
degradation to the running way. Also cities such as Padua, Italy have had several issues in
regard to daily maintenance of the single track, as the track must be cleaned of debris before
operation. In addition, there have been issues with derailments and safety problems for both
push bike cyclists and motor cyclists due to the angled groove.

2.5.6 Corridor requirements

Like LRT and trams, the TransLohr system operates in a similar corridor. TransLohr vehicle
can operate in either mixed traffic, shared with other modes of public transport or can
operate in their own segregated corridor.

257 Stations

Due to TransLohr vehicles being of similar shape, size and length to regular trams or LRT
vehicles, TransLohr stations and platforms are also of similar dimensions. Stations can either
be centre or side located and the length can range from 20 m to 50 m. The major
differentiation between TransLohr and trams or LRT is that the station height can be as low
as 25 cm rather than the standard 30-35 cm for regular trams or LRT vehicles.

25.8 Vehicles

TransLohr vehicles come in one standard model which can range in length from a three unit
set of 25-metres to a six unit set of 46 m. The capacity of the vehicle range from

170 passengers to 345 total passengers respectively. The greatest benefit to these vehicles
is the almost silent operation when running on street, the noise produced is noticeably lower
than standard trams and LRT vehicle as the rubber tyres do not have wheel squeal when
turning corners.

259 Other elements
Power source

There are currently one power supply used for TransLohr vehicle, however, obtaining the
electricity to operate the vehicles is done in two methods. The first method is the standard
catenary system used with trams and LRT system. The second is known as WiPost. This
technology basically removes the overhead wires from the system and replaces them with
long conducting horizontal poles on the roof of the vehicles. As the tram passes the light pole
or power pole, this conducting mechanism draws power from the pole. Each pole is spaced
evenly along the corridor with spacing less than the length of the tram to ensure that power
is supplied to the vehicle at all times. However, this does become an issue at corners and
when crossing roadways or sections where poles cannot be located. The second technology
also being used, but not exclusive to TransLohr, is the use of onboard rechargeable battery
systems. This allows the vehicle to charge while in normal running then draw upon the
stored power for sections where overhead wires are not used.
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Manufacturers

Currently there is only one manufacturer that is producing vehicles for the TransLohr system,
this is Lohr industries. Unlike the other modes examined, having a single manufacturer can
have issues in terms of flexibility and market competition which can result in increased costs
in the longer term. For example the purchase of additional vehicles or the replacement of
vehicles at the end of their life for a system may be more expensive than other modes of
public transport due to the uniqueness of the technology.

Loading

TransLohr vehicles, like trams and LRT have multiple doors for loading and unloading
passengers. Current designs for TransLohr vehicle have one door per unit per side.
However, as the technology progresses the ability to customise the vehicle to include more
or less access points will become available.

Gradients

The benefit of TransLohr vehicle is their ability to climb steep grades. The vehicles are able
to climb grades of up to 13% thanks to the rubber tyres. The electric traction motors also
enable the vehicle to climb longer distances than standard buses. This makes the TransLohr
suitable for hilly terrain.

Turning radii

TransLohr also have a strong advantage over standard tram and LRT vehicles, the
TransLohr vehicle is able to negotiate curve radii’s of as little as 10.5 m. This is considerably
less than trams and LRT and is comparable to standard and articulated buses. This makes
TransLohr adaptable to confined corridors with tight corners. The small radii also facilitate in
the reduction of space required for storage and maintenance of TransLohr vehicles. This
ultimately results in less land requirements and a reduction in construction costs.
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3. Value capture

One of the hurdles to implementation of quality transit corridors is the large capital
investment required by transit infrastructure owners, service providers and local authorities
to provide the necessary service and amenities. Revenue from transit services rarely covers
capital cost of infrastructure, even over a very long pay-back period, so the majority of
funding is normally provided from general tax revenue.

Evidence from built projects clearly illustrates the effect of permanent transit infrastructure on
land value is considerable. Value gained by landowners and businesses near transit services
can be captured and used to fund transit improvements As a result, governments around the
globe recognize that an address near a transit station is a good one. Properties within 400 m
of a transit station enjoy improvements in land values of over 50% in comparison to locations
away from transit(i) In general, the more accessible a property is to transit, the higher its
value.

Business income and revenue and rental return within these precincts is also higher than for
those away from transit. There are many examples where this increase in ‘value’ is captured
and used to fund transit projects. One example is the Hong Kong rail transit system. It pays
all of its costs with value captured from development in station areas.
The potential uplift as well as the catalytic effect of permanent transit infrastructure is
discussed by mode in Section 2 above. The purpose of this chapter is to summarize the
mechanisms available for value capture, including:

Joint Development

Benefited Area Charges

Tax Increment Financing

Revenue Sharing

Developer Contributions

Parking Surcharges

Transit User Fees

Density Bonuses.
Each applies to different sectors in the community and for different components of the
infrastructure or service, and each rewards different parties for their part in providing transit.
These mechanisms work best when applied together as part of a coordinated strategy.
A number of the potential value capture mechanisms and their application in Stirling are
described below. Some of these mechanisms would require changes to state legislation to

be used in Stirling, and this is noted. For this purpose, transit service providers and transit
infrastructure owners are assumed to be government.
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Joint development

Joint development is the simplest and most easily applicable form of value capture. It is
development of land within the transit precinct by or partly by the government. The value of
development increase is captured directly by the government through its involvement in
development. Joint development has many variations, and can involve the government as
land owner, as an investor in development, or both. Usually the government will partner with
a commercial developer. The value of joint development is two-fold in that it provides real
estate returns, but it also facilitates transit ridership (and therefore revenue) by stimulating
development in transit precincts.

As a land owner, the government is able to participate in joint development for the station
site and surrounds (including volumetric space above and below station infrastructure) as
well as any unrelated government land assets within the transit precincts. Government can
also actively acquire land within transit zones for this purpose. Acquisition of land prior to
realisation of transit infrastructure affords the greatest financial gain. Extra gain can also be
achieved through the acquisition of small, fragmented parcels over a long period of time.
These can be used to facilitate partnerships with developers at a later time. Sites used as
construction staging areas prime sites for later joint development.

As an investor, the government can contribute funds to development to assist developers to
realise a site’s potential, and to reduce their risk. In return, the government is able to benefit
from sale profits. Joint development requires significant up front costs by the government
and has financial risks for both the developer and government.

Benefitted areas charges

Areas of existing development around new or improved transit facilities that will benefit from
new transit infrastructure and services can be subject to benefitted area charges. Benefitted
areas are areas of existing development around stations with new or improved services that
benefit from increased value and revenue as a result of those services.

The charges apply to an area along a transit line or around a station in which property
owners agree to pay annual assessments over a period of time in exchange for public
physical improvements. A key aspect of this tool is that they typically require a majority vote
of the affected property owners as a condition of adoption. The amount of the assessment
must directly relate to the cost of the improvement and the benefit gained by the property
owner.

The districts offer the benefit of capturing the financial return with low or risk. In order for the
jurisdiction to get the funds up front to pay for the improvements, municipal bonds, typically
30-years, are issued and the assessments pay back the bonds. The Los Angeles County
MTA is one example of a transit agency using a benefit assessment district raised

$130 million, or 9% of the funds for the Segment 1 of the Metro Red (A) Line.

This is a mechanism available only to local jurisdictions. This mechanism would be useful
when a local authority wanted to inject investment into existing area with existing or new
transit. However, if a local authority wished to provide financial support the state government
to provide major new infrastructure, this mechanism could be used.
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In the United States, benefitted areas charges are the most common value capture strategy
used to fund the costs of new transit, especially for light rail. When used to fund transit
facilities, a tiered assessment rate, based on proximity to the line, is commonly used. Owner
occupied residential properties are typically exempt from the charges to avoid burdensome
taxes and to reduce the number of votes needed to approve the district.

The tool is easier to implement for smaller geographic areas and within single jurisdictions
due to this support requirement. Areas with a significant number of property owners who
plan to develop or redevelop their parcels are likely areas for these charges. Such owners
are typically more motivated to participate in infrastructure investments that will enhance the
value of their property or make development financially possible where it would not be

(e.g. due to parking requirements that can be waived due to the new transit line).

The Brisbane City Council’'s Suburban Centres Improvement Program (SCIP) uses
benefitted areas charging as a mechanism to fund local streetscape and public works
improvements in suburban centres.

Tax Increment Financing

Tax Increment Financing (TIF) involves the fixing of the assessed rates value in a defined
area that is given to general rates revenue for a period (e.g. ten years) and using any
additional revenue from increased property values to fund transit infrastructure or local
improvements. Where the local authority cannot pre-fund the improvements themselves,
they are sometimes able to borrow against the future assessed rates value. It is particularly
useful in areas that suffer from a lack of investment due to high development risks and low
returns on investment, or for projects that require place-making infrastructure (streetscapes,
sidewalks, parks). These areas require short term investments that have long term return.

Unlike benefitted areas charges, the principal purpose of a TIF district is to encourage new
development. Consequently, the goals of most TIF projects are typically broader than a
single transit investment. The districts can also play a key role in generating ridership
through pedestrian and streetscape improvements, and investments that increase the
viability of transit oriented development around stations.

The districts capture the total value of growth in property taxes in a designated area. Thus,
new development has a much greater impact on tax revenue than growth in value of existing
properties.

This is a mechanism available only to local authorities. However, if a local authority wished
to provide financial support the government to provide major new infrastructure, this
mechanism could also be used.

Case Study — Transit Revitalization Investment Districts

In 2005, the State of Pennsylvania in the United States authorized the use of Tiffs in Transit
Revitalization Investment Districts (TRIDS) around transit stations. The purpose of the tool is
to promote TOD and transportation improvements near transit stops. The legislation allows
transit agencies to work cooperatively with local jurisdictions to create Tiffs and to share in
the value capture. A transit agency may acquire property within the district for real estate
development or joint development.

PARSONS BRINCKERHOFF 10-0477-02-2106689A Page 35




3.4

3.5

3.6

Page 36

Stirling City Centre Light Rail Feasibility Study - Phase 2

Revenue sharing

Transit service providers and transit facility owners can enter into revenue sharing
arrangements with developers and land owners to help fund transit infrastructure and service
improvements. Examples include:

Facility connection/station interface fee — A fee charged by the transit facility owner to the
tenant or owner of a retail tenancy or shopping centre for connection of the tenancy or
shopping centre with the station concourse or other facilities where increased patronage and
therefore financial gain can be demonstrated. The fee can be based on rental return.

New development contributions — Infrastructure contributions charged by local authorities
for new development is the established form of cost sharing for local infrastructure in Stirling.

Transit impact fee — a fee charged to new development that has a high percentage of
transit users (e.g. office building) where increased use of facilities can be demonstrated.

User fees

Car parking surcharge — A surcharge is applied to paid car parking charges across the
transit precinct. Revenue is directed into transit or other related improvements.

Transit rider fee — A fee charged by the transit service provider or transit facility owner to
the transit rider on top of the trip fare for use of specific infrastructure or services that
improve the rider experience. This is similar to tolling a road improvement. This could be
implemented through selective movement of zoning boundaries, or general increase in fares
for use of improved services (e.g. use of a busway v on-street bus). Alternative routes and
services might need to be considered to ensure that the service remains equitable. Service
fees can also be charged between transit service providers and transit facility owners, if
these parties are different.

Other Innovations

Other innovative strategies that could be explored include the following:
Grant density bonuses to developers who contribute to rail implementation.

Establish public-private consortium responsible for both rail infrastructure and station
district real estate.

Government assets - redevelopment of government assets is an excellent
opportunity to catalyse development at the same time as capitalising the value of
these assets. Possible assets to be disposed of or used as demonstration projects
include the state owned land reserved for the Stephenson Highway.

Land acquisition — the Government has powers under various pieces of legislation
to acquire land for its community purposes. Some of these powers (e.g. for
transport infrastructure) could be used to acquire land at stations to ensure that
these are integrated with above ground development. Legislation could also be
amended to allow the Government to acquire land for community development.
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VEARS

Street/public space improvements — the Stirling Council can invest money in public
works to improve the pedestrian environment in public places around the stations.
This will contribute greatly to the attractiveness and usability of these areas and
support the pedestrian and transit oriented environment.
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Refined patronage forecasts — TODTrips
model

Background

As part of the Stirling City Centre (SCC) - Light Rail Feasibility — Phase 2 study, PB
conducted a desktop assessment of five alternative modal and operating environments
options that could be available to serve the SCC. The range of options starts from bus on
street, street car (tram on street), bus and light rail in exclusive lanes with priority (BRT and
LRT) and light rail on single side (LRT sided).

This chapter summarizes the development of the public transport model using PB’s
TODTrips package to estimate number of passenger trips for the 2031 proposed land use
plan and ridership of the five alternative modes. Five alternative modal scenarios were
analysed including:

Base case with 2031 bus option
Street Car

LRT

BRT

LRT (Single sided).

Each scenario is further described in Section 4.3 below. Additional detail into the modelling
assumptions and methodology is provided in the TODTrips Working Paper provided in
Appendix D.

TODTrips model

The TODTrips model has been developed for the study area in consultation with the Stirling
Alliance team. Input from other stakeholders has also been facilitated through a series of
transport modelling meetings and workshops. The model has been developed to test a range
of public transport scenarios for the Stirling City Centre. The main principle of the TODTrips
package is the combination of detailed mode choice modelling with assumptions about trip
generation, distribution and car travel attributes based on the Department of Planning’s
STEM strategic transport model. This approach is designed to allow the rapid development
and testing the relative performance of a range of scenarios based on future assumptions
regarding land use and transport.

The development of assumptions regarding future land use and transport is an important
part of the model development process. It is intended to inform the specification of
assumptions regarding the 2031 study area.
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The following outlines the broad capabilities and limitations of the TODTrips model:
Capabilities

detailed modelling of land use patterns, including the distribution of population and
employment inside the study area

detailed modelling of transport networks inside the study area including walk access,
public transport lines and services bus, street car LRT, BRT routes and services, and

rail stations and services

sophisticated generalised cost mode choice model for four main modes of travel — car,
public transport, cycle and walk

modelling of daily trips for all purposes that start and/or end in the study area.
Limitations

coarse representation of zones outside the study area — modelling of links to key origins
and destinations

no modelling of detail road and traffic network — assumptions are made about car travel
attributes

no modelling of trips that start and end outside the study area — that is, no modelling of
through trips.

Key features associated with the TODTrips modelling platform applicable to the Light Rail
Feasibility — Phase 2 study include:

modelling of land use according to zoning types and floor space ratios
modelling of higher density land use around selected transport nodes

detailed modelling of bus and rail services together with consideration of alternative
transit options including Street Car, Light Rail (LRT), BRT and LRT on single side

modelling of public transport travel to key regional zones around study area
estimation of daily trip patterns

mode choice modelling based on generalised cost for car, public transport, cycling and
walk trips.

The primary focus of TODTrips is the rapid development and testing of a range of scenarios
related to land use and transport planning.

The TODTrips model focused on the average daily person trips for all trip purposes for year
2031 and incorporates the following main modes of travel:

car — driver and passenger combined
walk and cycling combined

rail (access via Glendalough and Stirling Stations within study area)
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bus (include local and regional bus services that pass through the study area), and

alternative transit options including bus, street car, LRT, BRT and LRT on single side.

Assessment result of five transit modal scenarios

Five scenarios were setup in TODTrips to represent five alternative modal options and
operating environments that could be considered to serve the SCC in 2031. In general, the
broad operating environment for each scenario was set up to maintain appropriate existing
public transport services with the addition of a new mode with a specified level of service.

Existing public transport services within the study area are described in Table 4.1 and
Figure 4.1. The Northern rail service has Stirling and Glendalough stations as the key rail
access points within study area. The speed and frequency of the Northern rail service are
based on Transperth time table. The operating characteristics of bus services (including
98/99, 413 and 400) such as speed, number of stops and frequency of services were made
available to the TODTrips study team by the PTA.

The section of the Northern Railway Line to Joondalup between Stirling and Glendalough
stations, local route 413 bus service, Circle Bus route 98/99 and route 400 were included in
every scenario.

Table 4.1 Existing public transports operating environment for Stirling
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 4
3 413 Local bus 19.5 9 4
4 400 Regional bus 24.2 4 4

{ ) Stations 2031Buses

25 5 75
—
Kilometers

Figure 4.1 Stop locations of existing public transport services
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These existing public transport services were included in every scenario and operating
environment which will be described in the following sections.

43.1 Scenario 1 — Base case (Bus)
Table 4.2 Scenario base (Bus’s) operating environment
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 4
3 413 Local bus 19.5 9 4
4 400 Regional bus 24.2 4 4
5 Base Local bus 15.0 13 4

Apart from the existing public transport services (Joondalup rail, 98/99, 413 and 400 bus
services), new service is highlighted in Table 4.2 as Service number 5 and labelled as Base.
In this scenario, a local bus service is tested with 13 stops (see Figure 4.2), average speed
of 15 kph and run every 15 minutes. This speed is a result of the absence of a dedicated
running way for busses in this scenario as well as the relatively high number of stops.

Scenario Base
roads_MGAB4
() Stations Base

25
Kilometers

Figure 4.2 Stop locations of new local bus service in Scenario 1
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4.3.2 Scenario 2 — Street Car/Tram

Apart from the existing public transport services (Joondalup rail, 98/99, 413 and 400 bus
services), a new service is highlighted in Table 4.3 as Service number 5 and labelled as S2.
In this scenario, a street car (or tram) is tested with 19 stops (see Figure 4.3), average speed
of 15 kph and run every 5 minutes. It should be noted that the operating speed of service
400 is reduced from 24.2 kph down to 15 kph mainly due to safety as both the street car and
service 400 could share the road space on the Scarborough Beach Road and general traffic
including bus service 400 would have to give way to passengers alighting and boarding at
tram stops.

Table 4.3 Scenario S2 (Street Car/Trams) operating environment
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 4
3 413 Local bus 19.5 9 4
4 400 Regional bus 15.0 4 4
5 S2 Streetcar 15.0 19 12

Scenario S2
roads_MGAS4
tations S2

.25 5
Kilometers

Figure 4.3 Stop locations of Street Car service in Scenario 2
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433 Scenario 3A - LRT

Apart from the existing public transport services (Joondalup rail, 98/99, 413 and 400 bus
services), a new service is highlighted in Table 4.4 as Service number 5 and labelled as
S3A. In this scenario, a dedicated LRT is tested with 11 stops (see Figure 4.4), average
speed of 20 kph and run every 5 minutes. It should be noted that the operating speed of
service 400 is reduced from 24.2 kph down to 20 kph mainly due to safety as both the LRT
and service 400 would share the road space on the Scarborough Beach Road. However, the
planned speed for the bus service 400 is still higher than in Scenario S2 with Street Car as
passenger alighting and boarding at LRT stops will be more protected with LRT.

Table 4.4 Scenario 3A (LRT's) operating environment
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 3
3 413 Local bus 19.5 9 4
4 400 Regional bus 20.0 4 9
5 S3A LRT 20.0 11 12

]

. Scenario 3
roads_MGAD
) Stations 83
.25 E
m—
Figure 4.4 Stop locations of LRT service in Scenario 3A
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434 Scenario 3B — BRT

The operating environment of this scenario is identical to Scenario 3A in terms of existing
public transport services and the alignment and associated stopping patterns of the new

mode (see Figure 4.2). The only difference is that the new mode is changed from LRT to
BRT and the frequency of service is reduced from 12 to 4 services per hour.

Table 4.5 Scenario 3B (BRT's) operating environment
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 3
3 413 Local bus 19.5 9 4
4 400 Regional bus 20.0 4 9
5 S3B BRT 20.0 11 4

T8

Figure 4.5 Stop locations of BRT service in Scenario 3B

4.3.5 Scenario 4 — LRT (Single Sided)

This scenario was constructed as a variation to Scenario S3A which is also a LRT option.
However, the LRT proposed in this scenario is only operating on the southern side of
Scarborough Beach Road (western side on Stephenson Blvd). This mode of operation might
create some distance constraints for residents on the northern side of Scarborough Beach
Road as they might need to walk extra distance to pedestrian crossing to be able to cross
Scarborough Beach Road. This extra walking distance (currently assumed to be 30 metres)
was added to the utility function for those zones affected by this scenario.
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Table 4.6 Scenario 4 (LRT to one side) operating environment
Service Line ID Mode Speed (km/h) Stops Frequency
1 Joondalup Rail 58.5 2 3
2 98/99 Regional bus 24.2 3 3
3 413 Local bus 19.5 9 4
4 400 Regional bus 15.0 4 9
5 S4 LRT Side 17.5 16 12

Scenario S4
roads_MGASL
Stations 54

25 5 T8
—
Wilomaters

Figure 4.6 Stop locations of LRT (to one side) service in Scenario 4

The assessment of five scenarios was implemented with two car use scenarios: high and low
car use for internal trips and high car use for external trips. Results of TODTrips model runs
output for all scenarios are presented and discussed in the following sections.

4.4 Internal trips — mode share and ridership estimates

This section presents mode share and ridership estimates for all five scenarios to
accommodate approximately 92,000 daily person trips estimated for internal travel
movements (I-1). Tables 4.7 and 4.8 present the mode share results based on the high and
low car scenarios. Main findings are as follows:

Walk and cycle mode share is quite consistent and stable across different scenarios
with average of 26.8% and 27.9% share in low and high car scenarios, respectively.

Car, rail and bus had highest share in base scenario among all five scenarios.

Page 46 10-0477-02-2106689A PARSONS BRINCKERHOFF



Stirling City Centre Light Rail Feasibility Study - Phase 2

With the introduction of alternative transit modes including Street car, LRT, BRT and
LRT single sided, mode choice pattern was redistributed where alternative modes gain
an average share of 20%.

These gains came from the drops in car share by around 7%, walk and cycle mode
share by around 2%, rail share by around 3.5% and bus share by 3 to 8%.

Table 4.7 Low car use — Mode share for internal trips
Scenario by Car gyg;/?:z by Rail Stret()a{Car by LRT by BRT byBus
Base 47.3% 28.0% 8.3% 0.0% 0.0% 0.0% 16.4%
Street car 40.6% 26.4% 3.2% 24.5% 0.0% 0.0% 5.2%
LRT 40.8% 26.5% 3.1% 0.0% 22.3% 0.0% 7.3%
BRT 41.1% 26.6% 3.6% 0.0% 0.0% 20.5% 8.2%
LRT (single sided) 40.5% 26.4% 3.1% 0.0% 24.0% 0.0% 5.9%
Table 4.8 High car use scenario — Mode share of internal trips
Scenario by Car gyg;/?:z by Rail Stret()a{Car by LRT by BRT byBus
Base 54.9% 29.6% 6.6% 0.0% 0.0% 0.0% 8.9%
Street car 45.3% 27.4% 2.8% 20.4% 0.0% 0.0% 4.2%
LRT 45.6% 27.5% 2.7% 0.0% 18.6% 0.0% 5.7%
BRT 46.2% 27.7% 3.0% 0.0% 0.0% 16.7% 6.4%
LRT (single sided) 45.3% 27.5% 2. 7% 0.0% 19.9% 0.0% 4.7%

Tables 4.9 and 4.10 provide a summary of ridership share of 92,000 daily person trips
among different transport modes for low and high car use. Main findings are as follows:

Apart from highest ridership values in car, rail and bus, alternative transport modes
results in base scenario, alternative transport modes (street car, LRT, BRT and LRT
single sided) ridership values to accommodate 92,000 internal person trips are around
20,000 person trips per day in low car use and around 18,000 person trips per day in
high car use scenarios.

Table 4.9 Low car use scenario —ridership share among different transport
modes for internal trips

Scenario by Car g‘yc\:/;/?:le( ARET Stre2¥Car by LRT by BRT by Bus
Base 43575 25756 7626 0 0 0 15095
Street car 37331 24342 2965 22588 0 0 4826
LRT 37543 24399 2847 0 20563 0 6699
BRT 37816 24457 3300 0 0 18891 7588
LRT (single sided) 37327 24345 2874 0 22101 0 5406
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Table 4.10 High car use scenario —ridership share among different transport
modes for internal trips
Scenario by Car gyc\:/;/?:le( VARE Stretg Car by LRT byBRT byBus
Base 50575 27233 6096 0 0 0 8148
Street car 41667 25260 2546 18744 0 0 3835
LRT 41976 25343 2442 0 17080 0 5212
BRT 42493 25453 2807 0 0 15408 5892
LRT (single sided) 41695 25271 2454 0 18277 0 4355

External trips — mode share and ridership estimates

This section presents mode share and ridership estimates for all five scenarios to
accommodate some 210,000 daily person trips estimated for external travel movements
(I-E and E-I movements). Table 4.11 presents the result for the distribution of regional
access and egress by external trips into and out of the study area. Main findings are as
follows:

Table 4.11 Distribution of regional access and egress by external trips into and

out of study area (I-E and E-l movements)

Daily Daily
trips by  trips by
regional regional

rail bus

Daily

Total pc by pc by
daily pgat;y regional regional
trips rail bus

Scenario trips by

Car

Base 135900 46231 26979 209110 65.0% 22.1% 12.9%
Street car 131015 48611 29483 209110 62.7% 23.2% 14.1%
LRT 129549 47731 31831 209110 62.0% 22.8% 15.2%
BRT 130134 47312 31664 209110 62.2% 22.6% 15.1%

LRT (single sided) 129623 47630 31856 209110 62.0% 22.8% 15.2%

Among the 210,000 daily person trips estimated for external travel movements (I-E and E-I
movements), an average of 130,000 car trips had direct access between external and
internal zones. While 130,000 daily person trips of car mode to and from external zones will
become internal travel component within the study area, the 80,000 (=210,000-130000) daily
person trips by regional rail and or regional bus will be connected to the local transit network
within the study area. Tables 4.12 and 4.13 present the result for the modal split and
ridership share by local transit modes from these approximate 80,000 daily person trips in
connecting to the local transit services. Main findings are as follows:

In Base scenario, rail and bus mode shares are 27.9% and 7.1%, respectively.

In other alternative mode scenarios including street car, LRT, BRT and LRT single
sided, rail and bus modes drop their share values down to 15.3% and 5.7%,
respectively. Alternative transport mode shares gains from significant drop in rail share
(12.6% reduction), car share (3% reduction) and bus share (1.4% reduction) with
16.3% mode share for street car and LRT and 12.7% mode share for BRT.
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Ridership estimates for alternative transport modes ranges from average of 26,000 daily
person trips (BRT) to 34,000 daily person trips (street car, LRT and LRT single sided).

Table 4.12 Modal split of external trips using local transit services
. . by
Scenario by Car by Rail Street Car by LRT by BRT by Bus
Base 65.0% 27.9% 0.0% 0.0% 0.0% 7.1%
Street car 62.7% 15.3% 16.3% 0.0% 5.7%
LRT 62.0% 16.3% 0.0% 15.5% 0.0% 6.2%
BRT 62.2% 18.0% 0.0% 12.7% 7.0%
LRT (single sided) 62.0% 15.8% 0.0% 16.3% 0.0% 5.8%
Table 4.13 Ridership estimates of external trips (I-E and E- movements) using
transit services
. . by
Scenario by Car by Rail Street Car by LRT by BRT by Bus
Base 135900 58280 0 0 0 14931
Street car 131015 31901 34183 0 0 12011
LRT 129549 34097 0 32470 0 12995
BRT 130134 37668 0 0 26635 14674
LRT (single sided) 129623 33081 0 34176 0 12230
4.6 Combined internal and external trips - mode share and

ridership estimates

This section presents mode share and ridership estimates for all five scenarios to
accommodate a total of around 300,000 daily person trips estimated for all travel movements
(including internal and external trips). Tables 4.14 and 4.15 present the mode share results
based on the high and low car scenarios. Main findings are as follows:

All for alternative transport modes including street car, LRT, BRT and LRT single sided
have gained a high mode share values (from 14% with BRT to 19% with Street Car) in
comparing to the bus option used in the Base scenario.

The 5% difference between BRT and the street car and LRT is mainly due to the
frequency of service of BRT is effectively 7.5 minutes (within the dedicated running way)
versus 5 minutes. This shows that the modelling results are sensitive to frequency, as a
key driver of demand and which underlines the fundamental drivers of success.

Street car mode gains highest mode share is mainly due to its service coverage with
19 stops in comparing to 13 stops in LRT scenario.

In terms of ridership estimates, all alternative modes scenarios are comparable and
their values are in the range of 45,000 to 55,000 person trips per day.
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Scenario

Base
Street car
LRT

BRT
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Low car use —mode share for combined internal and external trips

LRT (single sided)

Table 4.15

Scenario

Base
Street car
LRT

BRT

by Car

59.6%
55.9%
55.5%
55.8%
55.4%

by Walk
& Cycle

8.6%
8.1%
8.1%
8.1%
8.1%

by Rail

21.9%
11.6%
12.3%
13.6%
11.9%

9)Y
Street Car

0.0%
18.9%
0.0%
0.0%
0.0%

by LRT

0.0%
0.0%
17.6%
0.0%
18.7%

by BRT

0.0%

0.0%

0.0%
15.1%
0.0%

by Bus

10.0%
5.6%
6.5%
7.4%
5.9%

High car use — mode share for combined internal and external trips

LRT (single sided)

Table 4.16

Scenario

Base
Street car
LRT

BRT

by Car

61.9%
57.3%
57.0%
57.3%
56.9%

by Walk
& Cycle

9.0%
8.4%
8.4%
8.5%
8.4%

by Rail

21.4%
11.4%
12.1%
13.4%
11.8%

by
Street Car

0.0%
17.6%
0.0%
0.0%
0.0%

by LRT

0.0%
0.0%
16.5%
0.0%
17.4%

by BRT

0.0%

0.0%

0.0%
14.0%
0.0%

by Bus

7.7%
5.3%
6.0%
6.8%
5.5%

Low car use —ridership estimates for combined internal and external

trips

LRT (single sided)

Table 4.17

Scenario
Base
Street car
LRT
BRT

by Car

179474
168346
167092
167949
166950

by Walk
& Cycle

25756
24342
24399
24457
24345

by Rail

65905
34866
36944
40968
35955

by
Street Car

0
56771
0
0
0

by LRT by BRT

0

0
53033

0
56277

0

0

0
45526

0

by Bus

30026
16836
19694
22261
17635

High car use —ridership estimates for combined internal and external

trips

LRT (single sided)

by Car

186474
172682
171524
172627
171317

by Walk
& Cycle

27233
25260
25343
25453
25271

by Rail
64375
34447
36539
40475
35536

by
Street Car

0
52927

10-0477-02-2106689A

by LRT by BRT

0

0
49550

0
52453
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0

0

0
42043

0

by Bus
23079
15845
18206
20565
16585

Total

301162
301162
301162
301162
301162

Total
301162
301162
301162
301162
301162
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Summary

Phase 1 of the Stirling Centre Light Rail Feasibility Study undertook a ‘high level’
examination of potential patronage of a light rail system to support the Stirling — Osborne
Park corridor. This was not a detailed modelling exercise but rather a broad ‘spreadsheet’
modelling approach with the prime objective of establishing if the proposed level of land use
intensity could generate sufficient demand to support a light rail system to warrant moving to
a more detailed study of potions.

In Phase 1, the base case analysis showed an estimated light rail patronage of
approximately 27,000 trips on an average weekday. To place these findings in context,
comparison was made with light rail systems introduced in recent years in the United
States). Comparison with these figures indicates that the Stirling light rail system is definitely
‘in the ballpark’.

Increasing development to the higher ‘aspirational’ levels would increase this somewhat to
approximately 31,000 trips, while if the transit mode increased from 5.5% to 15% as many as
41,000 trips per day might be expected. (Note: The Phase 2 assessment assumed slightly
higher mode shares by mode as result of the parking and cycling strategies that have been
advanced by the City of Stirling subsequent to the Phase 1 study to support the integrated
land use and transport strategy).

The analysis considered the potential corridor between Stirling Station and Glendalough
Station as two stages. Stage One comprised a north south corridor along a realigned Ellen
Stirling Boulevard or Stephenson Avenue. This stage would almost certainly not be justified
on patronage grounds alone over the short term. However as a development catalyst it
displays some merit. Stage Two included an east west corridor along Scarborough Beach
Road between Ellen Stirling Boulevard and Glendalough Station.

The Phase 1 study suggested that Stages One and Two together would probably generate
significant levels of associated development and patronage provided that there is ‘buy in’
from land holders and developers in the corridor.

Alternatively, Stage One of the line should be used as a catalyst for development within the
Stirling Central area to help encourage the preferred patterns of development. In this role,
Stage One must be tied to commitments to develop transit supportive land uses within an
acceptable timeframe and firm agreements should be in place to adequately cover operating
costs. In addition, under this scenario, Stage One should only proceed if there is certainty
that the full system will be built to ensure a more financially sustainable outcome.

The Phase 2 study reinforces the findings that a high quality transit system, such as a LRT
or street running tram is viable if supporting land use and transport policies are in place.

The following conclusions and observations are made in relation to the results of the
modelling:

There is a potentially strong market for a high quality transit system to provide for travel
within the study area and to facilitate the use of public transport for access to the area
from other parts of the metropolitan area. In particular, there is strong potential for the
operation of an effective internal transit system in the Stirling Centre. In other words,
the transit system will function well as a ‘pedestrian accelerator’ or for relatively short
trips amongst origins and destinations within the study area.
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The modelling results show that demand could be in the range of around 40,000 to
55,000 passengers per day. This result is considered to be relatively high and has been
driven by the land use assumptions and the overall high level of development included
in the model. These figures should be reviewed as part of a practical assessment of the
development potential in the study area.

The transit system has a strong role to play in minimising the use of private motor
vehicles for movement within the centre and minimising the demand for parking.

With regards the modes tested, the street running transit (tram) shows that it has the
potential to attract marginally more passengers than the other options. This mode is the
most accessible, with the highest number of stops which underlines the importance of
selecting a mode which can be closely integrated with development along the corridor.

The design of the transit system, the final decision regarding the streets in which it will
operate and the delivery of developments which support active street frontages will
have a strong bearing on the ultimate success of the transit system.

It is essential that supportive land use framework be in place prior to implementation to
allow the catalytic effects to be produced effectively.

Close integration is required at Stirling and Glendalough Railway Stations to ensure
barrier free seamless interchange conditions for passengers to maximise the
attractiveness of the transit system for people travelling from outside the study area.

Based on the modelling findings and the potential land use integration and transport
characteristics, a hybrid tram/LRT system is recommended for further consideration in the
next phase (i.e. Concept Design and Final Feasibility). The hybrid would include a centre
median dedicated LRT (and potential BRT) along Scarborough Beach Road. This running
environment would maintain operational reliability by avoiding congested travel lanes. It is
recommended that mid-block traffic signals be introduced along Scarborough Beach Road to
allow for two or more additional stations and safe pedestrian and cyclist access to be
included along the corridor. As shown in the modelling, the additional stations allowed by the
streetcar/tram served to increase patronage.

The hybrid would include either a streetcar along a realigned Ellen Stirling Boulevard or a
single side running LRT along the west side of Stephenson Avenue. The benefit of the
former is the inclusion of additional stations and better integration with supportive,
surrounding land uses. The benefit of the latter is the placement of the stations in closer and
more direct walking access to the land uses due to separation created by the day-lighted
stream on the east side of the street.

A modal comparison summary matrix is provided in Appendix A to illustrate characteristics of
existing high quality transit systems globally. In addition, a range of hypothetical operating
characteristics, scenarios and costs are presented in Appendix B for each mode. The
matrices have been developed to allow for the assessment of optimal service plans based
on the incremental growth of patronage over time, required equipment and optimal frequency
of service. The matrices should be used to further refine the service plan as part of the next
steps.

The hypothetical costs included in Appendix B for each mode include capital and operating
costs as well as life cycle costs for various operating scenarios based on potential patronage
and service patterns. One noteworthy observation based on the life cycle cost analysis is
that trams and light rail appear to have lower long term costs than bus based systems.
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However, verification of this observation will require additional refinement based on the
actual proposed operating plan and concept design in Phase 3.

The reader is forewarned not to make generalizations about the performance of the Stirling
system based on international and national averages as presented in the report and in
Appendices A and B. Costs and performance measures are based on averages from urban
or suburban settings that may not be relevant to the Stirling corridor. The information simply
provides some basic parameters for illustrative purposes. A more detailed concept design,
service plan and final patronage forecast is recommended as a next step (Phase 3) to more
precisely determine costs for the Stirling LRT.
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Mode comparison summary






























Appendix B

Operating scenario and costs


















Appendix C

Comparative operating
characteristics
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Stirling City Centre- Light Rail
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Trips Model Working Paper




























































Stirling City Centre - Light Rail Feasibility Study - Phase 2
TOD Trips Model Working Paper

Figure 2.8 Stop locations of LRT (sided) service in Scenario 4
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3.2

Stirling City Centre - Light Rail Feasibility Study - Phase 2
TOD Trips Model Working Paper

Land use considerations

Overview

TODTrips model incorporates a detailed modelling of land use development
proposals/assumptions within the study area for each internal zone. The purpose of the land
use modelling component of the model is to comprehensively represent the proposed future
zoning of the area and land use intensities in order to estimate the quantum and distribution
of future population and employment. By this method the impacts of increased densities in
certain areas and changes in designated use are captured within the model.

Study area land use

3.2.1 Methodology

Figure 2.2 above shows the zoning system used in the study area. A total of 147 model
zones were used to represent the 2031 future land use zoning for the Stirling study area.
Gross Floor Areas (GFAs) and number of dwellings and dwelling types for each zone were
specified as main input to the land use modelling module of TODTrips. These input data
together with the rate of household size per dwelling and GFA (in m2) per employee for
different types of developments were used to determine population and employment figures
for 2031 base case.

The identification of relevant references and selection of suitable rates for estimating
population and employment levels for different GFAs by different land use categories was an
important task in the methodology. This procedure is described in detail in the following
section.

3.2.2 2031 land use development

There are a number of recent studies (SKM in 2010 and Syme Marmion (SMC) in 2009)
which focused for two key areas of the study area. As indicated on Figure 3.1, these two
areas are Stirling Centre (labelled as precincts 1-7) and Osborne Park (labelled as precincts
8 and 9). Land use planning for these two areas and their contribution to the development of
the whole study area in 2031 can be viewed by the distribution of GFAs across residential,
retail, office, commercial, industrial and education land uses (see Table 3.1).
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Glenda oughz

Figure 3.1 Study area by groups of precincts

TS
T

Table 3.1 Distribution of GFAs across different land uses for Stirling study area
in 2031
Residential Retail Office Commercial Industrial Education
. GFA GFA GFA GFA GFA
Dwellings (m2) (m2) m2) m2) (m2)
Precincts 1 to 7 13049 177747 322505 139498 175000 30000
Precincts 8 & 9 5500 70000 375000 650000 900000 0
(Osborne Park)
Total (study area) 18549 247747 697505 789498 1075000 30000
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