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Executive Summary
Introduction
TransLink and the Province of British Columbia sponsored a multi-phase study to evaluate alternatives
for rapid transit service in the Broadway corridor between Commercial Drive and the University of
British Columbia. The City of Vancouver, UBC, University Endowment Lands, Metro Vancouver and
Musqueam Indian Band were partners in the study.
Since the 1990s, plans have identified expansion of rapid transit in the Broadway corridor as a priority.
One of the region’s busiest bus corridors with over 100,000 weekday passenger trips, Broadway is
regionally important as it connects major population, job and institutional centres. Central Broadway
and the University of British Columbia are the most important transit destinations in the region outside
of downtown Vancouver. Existing corridor transit services do not provide sufficient capacity or reliable
service, with frequent pass ups during peak periods and unpredictable travel times. With the growth
projected in the corridor, the demand for the service will grow. However with buses every one to two
minutes in the peak period, the corridor is reaching the limits of the capacity that can be provided by
buses in mixed traffic, even with curb side bus lanes. Local, regional and provincial governments have
established transportation and greenhouse gas related goals and targets and improving transit service is
viewed as necessary to realizing these targets.
In March 2009, Steer Davies Gleave was retained to examine a range of rapid transit technology and
alignment alternatives to serve the study area which extends from the University of British Columbia
(UBC) in the west to Broadway and Commercial, where the Expo and Millennium SkyTrain lines meet, in
the east, generally via 10th Avenue and Broadway as shown below.
Study Area
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The UBC Line Rapid Transit Study is being undertaken in three phases and Steer Davies Gleave has led
the technical work of the first two phases.
I

Phase 1 - Shortlist Identification: technology and alignment alternatives are identified and
screened in order to arrive at a shortlist of alternatives for further development in Phase
2.

I

Phase 2 - Alternatives Development and Evaluation: shortlisted alternatives are further
developed and evaluated to support a decision on a preferred alternative.

I

Phase 3 - Design Development: after selection of a preferred alternative, further design
development and costing is undertaken. Phase 3 will establish a budget, timeline and
phasing for the project and provide the basis for project definition, securing funding and
procurement.

The study has involved stakeholder and public consultation at each step and this has informed the
study process and outcomes.
Evaluation Process and Alternatives Considered
The study team undertook a corridor assessment of the current and expected conditions and
synthesized problem statements in order to ensure that the rapid transit solutions identified and
evaluated address the underlying needs and issues.
Problem Statements
I

Existing transit services do not provide sufficient capacity or reliable enough service to the
major regional destinations and economic hubs within the Broadway Corridor;

I

Transit trips and mode share need to increase to reduce vehicle kilometres travelled (VKT)
and GHG and CAC emissions, both directly and by supporting the Regional Growth Strategy
and other regional objectives;

I

Affordability - the limitation on regional funding for transit and the need to balance a
range of investment priorities – was also identified as a regional problem for consideration;
however, affordability requires understanding other regional needs and cannot be assessed
within a single corridor study.

An evaluation framework was developed to assess the rapid transit alternatives. The study employed a
Multiple Account Evaluation (MAE) approach, which provides a qualitative and quantitative evaluation
across a wide range of factors or “accounts” to identify the benefits and impacts of each alternative in
a structured format.
The UBC Line MAE framework consists of seven accounts. For each account an objective and a set of
evaluation criteria were developed. The table below summarizes the accounts, objectives and criteria
employed with the evaluation including a mix of quantitative and qualitative measures.
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Evaluation Criteria
Account

Objective

Criteria

Economic
Development

A service that encourages economic development
by improving access to existing and future major
regional destinations and local businesses by
transit while continuing to facilitate goods
movement

Construction effects, tax
effects and goods movement

Environment

A service that contributes to meeting wider
environmental sustainability targets and
objectives by attracting new riders, supporting
changes to land use and reducing vehiclekilometres travelled

Emission reductions, noise and
vibration, biodiversity, water
environment, parks and open
space

Financial

An affordable and cost-effective service

Capital cost, operating cost,
cost-effectiveness

Social and
Community

A safe, secure and accessible service that also
improves access to rapid transit for all and brings
positive benefit to the surrounding communities,
including managing impacts of rapid transit

Health effects, low income
population served, safety,
community cohesion, heritage
and archaeology

Transportation

A fast, reliable and efficient service that meets
current and future capacity needs, supports
achieving transportation targets and integrates
with and strengthens the regional transit network
and other modes

Transit user effects, nontransit user effects, transit
network/system access,
reliability, capacity and
expandability

Urban
Development

A service that supports current and future land
use development along the Corridor and at UBC
and integrates with the surrounding
neighbourhoods through high quality urban design

Land use integration, land use
potential, property
requirements, urban design
potential

Deliverability

A service that is constructible and operable

Constructability,
acceptability, funding and
affordability
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Three rapid transit technologies were considered (BRT, LRT and RRT) are described below.
Rapid Transit Technologies Considered
Bus Rapid Transit (BRT)

Low-floor articulated buses (running on diesel or
electricity) running in their own right-of-way and
separated from other traffic by a curb, and with stations
located within the street.

Light Rail Transit (LRT)

Driver-operated rail vehicles powered from overhead
wires running in their own right-of-way and separated
from other traffic by a curb, and with stations located
within the street.

Rail Rapid Transit (RRT)

Driver operated or driverless rail technology that is
powered by electricity. In Metro Vancouver RRT
(SkyTrain) is driverless and automated and operates fully
separated from other traffic in a tunnel or on elevated
track, and with stations accessed by escalators, stairs
and elevators.

A long list of over 200 possible alternatives was screened to a shortlist according to the evaluation
framework above. The shortlist was confirmed through public consultation and seven alternatives were
advanced for more detailed study. Design concepts and a multiple account evaluation were developed
for each alternative and these were brought forward for public consultation. Based on the input
received and further technical work, the designs and evaluations were refined and the final results
documented in this report.
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UBC Line Alternatives
BRT - At-grade BRT route from UBC to Commercial-Broadway via University Blvd, West 10th
Ave and Broadway using diesel articulated buses1.

LRT1 - At-grade LRT route from UBC to Commercial/Broadway via University Blvd, West 10th
Ave and Broadway.

LRT2 - combines LRT1 with a second branch from Broadway/Arbutus to Main Street-Science
World via the CPR right-of-way, the City of Vancouver Streetcar route and Main St.

RRT - Mainly tunnelled route via University Blvd, West 10th Ave, Broadway, Great Northern
Way as an extension of the existing Millennium Line SkyTrain from VCC-Clark.

Combination Alternative 1 - Combination of RRT from VCC Clark to Arbutus with the portion
of the LRT2 route operating from UBC to Main Street/Science World.

1

A trolley option was also assessed as having a higher capital cost and greater environmental benefits than the diesel option. For
the purposes of this evaluation a diesel option was assumed. If BRT is pursued further this subject could be revisited.

v

Phase 2 Evaluation Report

Combination Alternative 2 – a combination of RRT from VCC Clark to Arbutus with the BRT
alternative using diesel buses.

Best Bus - represents the best that can be achieved relying on conventional buses in the study
area and demonstrates the impacts and benefits of bus service improvements within the
corridor including local, semi-express (B-Line) and express bus services.

All alternatives were evaluated against a Business As Usual (BAU) case as a point of reference. The BAU
assumes that the study area would continue to be served by buses with service increases consistent
with past trends and population and employment growth and no rapid transit investment. A neutral
rating means that an alternative would perform no better or worse than “business as usual”. These
assessments have been summarized on a five point scale, represented as follows:

Evaluation Results
The performance of each alternative within each account is summarized in the table below followed by
an account by account description of the findings for each account. “Lifecycle” assessments were
based on 30 years of operations of each alternative.
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Evaluation Summary

The Transportation Account measures the benefits and impacts to transportation network users.
Alternatives with LRT and RRT provide sufficient capacity and can accommodate demand beyond
forecast with RRT providing the greatest opportunity for expansion. The Best Bus, BRT and Combo 2
alternatives do not have sufficient capacity to meet forecast demand. All alternatives increase corridor
transit trips and mode share, with RRT alternatives having the greatest impact (3.1 percentage points
in 2041). At a regional level the impact on mode share ranges from 0 percentage points (Best Bus) to .3
percentage points (RRT and Combination 1) in 2041. RRT and Combination alternatives provide the
shortest travel times and greatest reliability improvements, followed by LRT alternatives. Alternatives
with LRT and BRT reduce road capacity and introduce turn restrictions which have impacts on traffic,
parking, local access and goods movement.
The Financial Account measures capital and operating costs as well as cost-effectiveness. Capital costs
range from $120 million for the Best Bus alternative to $3.0 billion for the RRT alternative. Over the
lifecycle, operating costs for all alternatives are small in relation to capital costs. Except Best Bus, all
alternatives have benefit-cost ratios greater than 1, with RRT having the highest ratio. BRT, the
Combination alternatives and RRT are most cost-effective in generating additional transit users; BRT
only has capacity for these passengers during off-peak periods, and in the off-peak direction. LRT2 is
higher cost and less cost-effective than LRT1 on all accounts indicating that the branch along the
former rail right-of-way lowers the financial performance of LRT2 relative to LRT1.
The Environment Account considers a range of environmental measures including emissions reduction,
noise and vibration, biodiversity, and parks and open space. RRT and combination alternatives result in
the greatest shift from cars and have the greatest auto emissions reductions. The scale of reduction for
all alternatives ranges from 0.01% to 0.30% of the regional total. The RRT alternative results in the
greatest reduction in noise and vibration from transit services followed by the LRT alternatives. None
of the alternatives are expected to adversely impact biodiversity and water during operations.
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The Urban Development Account considers the benefits and impacts on local land uses and the urban
environment. All alternatives serve four or five major activity centres, with RRT and Combo
alternatives serving the fifth, the Great Northern Way Campus. All alternatives require some
properties, ranging between 13–30 properties.
The Economic Development Account addresses the economic benefits generated by construction
activity, impact on taxes as well as goods movement. Alternatives with higher capital costs and longer
construction periods have greater increases in employment and GDP and therefore RRT and
Combination Alternative 1 generate the greatest benefits. Road capacity reductions and turning
restrictions for alternatives with LRT and BRT may cause goods movement delays.
The Social and Community Account addresses a wide range of social and community benefits and
impacts, including health effects associated with active living, safety and security, community
cohesion and others. RRT and the Combination alternatives deliver the greatest health benefits
associated with active transportation since they increase transit use, and thus walking and biking to
transit, the most. All rapid transit alternatives improve safety and security with greater separation
from other road users and rapid transit station designs. Alternatives with BRT and LRT reduce
community cohesion due to vehicular restrictions at intersections.
The Deliverability Account looks at potential issues associated with implementing the alternative,
including the ease with which it can be constructed, construction impacts, funding requirements and
public acceptability. No technical issues would prevent any alternative from being constructed. All
rapid transit alternatives will have construction impacts, similar in scale. Market research indicates
that RRT, LRT1, LRT2, and Combination 1 are all more acceptable to the public than Business as Usual,
while the other alternatives are not. RRT receives the highest acceptability rating. There is a wide
range in capital and lifecycle costs; affordability cannot be assessed through this study as the sources
and alternative uses of funds at a regional scale have not been identified.
Based on this evaluation and considering the transportation problems identified for the corridor, the
following conclusions can be drawn:
Capacity and Reliability: Existing transit services do not provide sufficient capacity or reliable
enough service to the major regional destinations and economic hubs within the Broadway
Corridor
The Best Bus, BRT and Combination 2 alternatives do not have the capacity to meet forecast demand.
All other alternatives provide sufficient capacity to meet forecast demand (2041) and expand beyond.
RRT provides the greatest opportunity for expansion.
To varying degrees, all of the rapid transit alternatives improve reliability. The RRT alternative
provides the greatest improvement because it is fully separated from other road users. Alternatives
with LRT also provide reliability improvements because they operate in their own rights of way and
receive priority over other vehicles at intersections but to a lesser degree than RRT because LRT’s
street-level operation introduces variability. Best Bus, BRT and the BRT section of Combination 2 have
less priority over other traffic and therefore deliver lower reliability improvements.
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Transit Trips and Mode Share: Transit trips and mode share need to increase to reduce vehicle
kilometres travelled (VKT) and GHG and CAC emissions, both directly and by supporting the
Regional Growth Strategy and other regional objectives
All alternatives increase transit trips and mode share. At a corridor level, alternatives with RRT
increase mode share the most and result in the greatest increase in transit trips. For all the
alternatives, the number of new transit trips generated is small relative to the number of trips shifted
from bus to rapid transit and the total number of transit trips in the region. Therefore, at a regional
scale, and when considered in isolation, none of them would achieve mode share targets. The impact
on regional mode share ranges from a 0.0% to a 0.3% increase in transit mode share. Demand-side
measures such as road pricing or tolling may complement rapid transit expansion to further increase
transit mode share, but they were not evaluated in-depth in the study.
The table below summarizes quantitative measures for the original problem statement and their costs
along with the “Business as Usual” case for comparison.
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Summary of Selected measures
Measure

BAU

Best Bus

BRT

LRT

LRT2

RRT

Combo 1

Combo 2

2041 Forecast Peak Load (passengers per hour per
direction, pphpd)

2,700

2,500

6,400

5,200

4,700

12,500

11,000 (RRT)

11,700 (RRT)

3,300 (LRT)

3,500 (BRT)

Assumed Capacity**

2,400

13,000 (RRT)

13,000 (RRT)

3,600 (LRT)

3,000 (BRT)

Capacity and Reliability

2,400

3,000

7,200

5,800

13,000

(pphpd)
Transit Trips and Mode Share
UBC Line Weekday Ridership (2041)

102,000

121,000***

117,000

160,000

166,000

322,000*

349,000*

339,000*

New Weekday Transit Trips (2041)

-

2,000

7,000

11,000

13,000

54,000

44,000

43,000

Lifecycle Reduction in Auto Vehicle Kilometres
Travelled (million km)

-

90

806

1,014

1,000

2,361

1,915

2,021

Lifecycle GHG Emissions Reductions (Kilo Tonnes)

-

-17
(increase)

128

235

203

335

309

238

16.3%/
29.3%

16.3%/
29.5%

16.4%/
30.0%

16.4%/
30.1%

16.4%/
30.1%

16.6%/
32.4%

16.6%/
31.7%

16.5%/

Capital Cost ($ million, 2010)

-

120

410

1,110

1,330

3,010

2,670

1,970

Net PV of Lifecycle Costs ($ million, 2010)

-

120

180

620

790

1,740

1,490

1,110

Transit Mode Share (Regional/Corridor, %)

31.6%

Costs

* Boardings include through passengers on the Millennium Line
** The assumed capacity is the level of capacity used for the purposes of evaluation and costing. RRT capacity can be further expanded to 26,000 pphpd. LRT can be further
expanded beyond 7,200 with reduction in speed and reliability due to reduced transit priority
*** Includes bus routes 84, 99 B Line, 984 and 999
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Trade-offs and Considerations
It is worth highlighting the following trade-offs and considerations further to those identified as
part of the problem statement.
Acceptability
There is a range in the acceptability of the alternatives. Market research on the acceptability
criterion reveals that based on the current designs and evaluation, LRT1, LRT2, Combination 1
and RRT are more acceptable than the BAU and with RRT receiving the highest acceptability
rating. Best Bus, BRT and Combination 2 are less acceptable than the Business as Usual
alternative.
Affordability
There is a large range in capital and lifecycle costs for the alternatives. Of the alternatives that
meet the forecast demand for the corridor, capital costs range from $1.1 billion for LRT1 to
$3.0 billion for RRT. An assessment of affordability will be made outside this study by
considering regional investment needs relative to available funding.
Phasing
The Combination alternatives and RRT could be built in phases through, for example, extending
SkyTrain to Broadway and Arbutus as an interim stage towards extending rapid transit to UBC.
This would spread out the capital requirements over a longer period of time. Implementation of
rapid transit to UBC would be delayed which could result in on-going crowding in the western
segment of the corridor and would require a commitment to bus service to meet demand. This
would create local impacts such as a requirement for a major interchange with bus layover
space at Arbutus. BRT and LRT1 are less suited for consideration for phasing due to the lower
capital costs. LRT2 could be built in phases with an initial phase connecting UBC with either
Main Street or Commercial-Broadway. A full MAE of phased options was not undertaken.
Speed
The RRT and Combination alternatives include a Millennium Line extension and provide travel
time savings through avoiding a transfer at Commercial–Broadway Station for Millennium Line
users. RRT is fully segregated from other traffic and therefore provides the shortest travel
times. LRT1 and LRT2 and the LRT segment of Combination 1 operate at street level in their
own rights of way and receive priority over other vehicles at intersections, providing travel time
improvements to a lesser degree than fully segregated RRT. Partially grade separating (i.e.
tunnelling) segments of the LRT would improve its speed and reliability. Best Bus, BRT and the
BRT2 section of Combination 2 have less priority over other traffic and therefore provide fewer
travel time benefits than the other alternatives.

2

BRT has lower priority relative to LRT because signal priority is not as effective at the service levels assumed in the
BRT alternatives (2 minute headway)
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Street-level Impacts
Street-level operation of BRT or LRT would have impacts on traffic, parking, local access, and
goods movement and other impacts associated with turning restrictions and reduced road
capacity for vehicles3. Segments could be built in a tunnel which would reduce the street-level
impacts and shorten travel times at additional cost. RRT would be primarily in a tunnel and
therefore would not have street-level impacts.
Next Steps
The results of the Phase 2 evaluation will help to inform the selection of a preferred
alternative. The selection of an alternative will take place within a regional context, to allow
the consideration of funding availability for this project and other regional transportation
investment needs.
Once a preferred alternative has been identified, Phase 3 would advance the planning and
design of that alternative, and carry out further public consultation to aid in design
development. The technical scope would include more detailed design of the alignments and
intersection layouts, station locations, station area planning and urban design, transit service
integration, and environmental study and identification of any mitigation measures.

3

The multiple account evaluation has addressed the scale and nature of the expected impacts. The specific impacts
would be determined through detailed design if a BRT or LRT alternative is selected to be implemented.
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