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EXECUTIVE SUMMARY

Bus Rapid Transit (BRT), as illustrated in implementations around North America, comes 
in many shapes and sizes. The term has been applied to rubber-tire transit lines that use 
many different combinations of techniques to improve bus service, such as bus-only lanes 

mode. On one end of the spectrum, the San José area has frequent arterial bus services 

middle of the range of BRT possibility.

combination of elements that can be assembled in many different combinations over time.   

to the quality or attractiveness of the service.

signal priority and increased stop spacing, and apply them to existing local bus operations 

Thus, a basic bisection of BRT implementations into heavy and light is useful, depending 
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be implemented all at once, or in incremental stages. Increments can be either or both 
geographical extensions or additions of features.

investment that are available. The transportation sector accounts for nearly one-third 
of carbon dioxide emissions in the United States.  Achieving President Obama’s goal 

transportation planning and delivery, including ensuring that many more urban travelers 
have viable public transit options.

L.A. rail lines, yet these enhanced buses are serving 78 percent as many passenger trips 
as the entire rail system. All of the Metro Rapid lines even cost less to put in place than 
the single Orange Line BRT line in the same city, and yet the Metro Rapid is providing 
over three times the gain in daily boardings.  These examples suggest that incremental 

performance characteristics of the case studies described in this report. All of the case 

BRT features spread over more miles of route.
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Performance of Five BRT Development ExperiencesTable 1 

L.A. Metro 
Orange 

Line

Lane 
County 

EMX 
Green 
Line

York Viva VTA Route 
522 Rapid

L.A. Metro 
Rapid

Median 
busway with 

TSP

Median 
busway with 

TSP

On-street 
running with 

TSP

On-street 
running with 

TSP

On-street 
running with 

TSP

Travel time reduction, 
percent 16% 6% 11% 20% 25%

Baseline corridor ridership 
pre-BRT

41,580 
(2005)   2,700 19,400 18,023 388,400 

(2000)
Cited corridor ridership 
after BRT implementation

62,597 
(2007) 5,400 45,000 21,300 464,400 

(2007)
Corridor ridership increase 21,017 2,700 25,600 3,277 76,000
Ridership percentage 
increase 51%    100% 132% 18% 20%

Capital investment cost 
(millions) $350 $24.5 CA$172 $3.5 $110

Route miles 13.5        4 50 26 450
Cost per mile (millions) $26       $6.1 CA$3.4 $0.13 $0.24

$16,700  $9,100 CA$6,600 $1,100 $620
Source: Case study data in this report. TSP means transit signal priority

systems. The availability of BRT elements in many incremental combinations suggests 
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 5

INTRODUCTION

change, air pollution, urban competitiveness, and quality of life underpin a strong interest 

(APTA) reports that 72 percent  of transit tax issues passed in the election of November 4, 
2008.1 In recent years, the U.S. Federal Transit Administration (FTA) has been inundated 

innovative, cost-effective options to enhance public transportation services. 

In recent years, bus rapid transit (BRT) has become a popular option. BRT encompasses 

immediate turn off the arterial. 

2

high-demand bus routes, or is it better to focus a larger investment on a single corridor, 

steps and strategies in order to identify innovations that could incrementally upgrade bus 
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WHAT IS BRT?

Bus Rapid Transit (BRT) has been comprehensively characterized and described in recent 
reports from the Transit Cooperative Research Program (TCRP).3  BRT comes across in 

usual quality level.

BRT is typically deployed one route at a time after several years of development. A BRT 
route is characterized by a set of features meant to increase the reliable point-to-point 
speed of bus travel in urban settings throughout the day. At the same time, a BRT route 
and its coaches usually present an attractive, distinctive visual image to customers.

As pointed out in TCRP 90, the main feature set of BRT includes “dedicated running 

fare collection, use of ITS technologies, and frequent all-day service.” ITS stands for 

communications. The most common ITS applications are transit signal priority (TSP), 

displays of real-time information about bus locations at stations and aboard the coaches.
In this study, the authors have sought to challenge presumptions and add value to the 

In this study, the authors have sought to challenge presumptions and add value to the BRT 
Practitioners Guide
and Assessment. As the Guide

sought to bring out the local needs, conditions, attitudes, and resources that lead to 
variations in BRT around North America.

restricted in such development and the availability of transit as an access alternative is 
seen as a form of congestion mitigation. While the heavy BRT investments among the 

development,4

outcome. Overall, the researchers’ hypothesis is that bus service can be made better for 

that land use changes may not be evident from the light BRT systems that result. 

A SHORT HISTORY OF BRT

America.5



Mineta Transportat ion Inst i tute

8

by 1970.6

7

construction in the Washington DC, Atlanta, and San Francisco Bay Area urban regions 
in the early 1970s, plus the surge of light rail interest and construction funded by the U.S. 
DOT starting in the late 1970s, established a rail-centric trend on modal choice through 
the 1980s and 90s.8 

But in the last decade of the 20th century, the successful performance of prominent BRT 

systems in America, led to a Federal Transit Administration BRT demonstration program. 

system begun a decade later in Bogota, Colombia.

North America as “light rail lite.”9

A distinction that has lately developed in practice is the division of BRT routes into heavy 
BRT, or “real BRT,” vs. light BRT or Rapid Bus. The distinction depends mostly on the 
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PROBLEMS AND ISSUES THAT BRT ADDRESSES

Consideration of the fundamental design characteristics of BRT suggests several areas 

the productivity ratio.

Bus Rapid Transit is designed to provide faster, more reliable, and more comfortable bus 

more passengers than the traditional bus services that are replaced or supplemented by 
BRT.

While light rail is frequently more politically attractive than improved bus service, BRT can 

held out as an intermediate step in the conversion of a bus-served transit corridor to a 
light rail alignment. Sound Transit in Seattle, Washington, has advanced the concept of 
“rail-convertible BRT,”10 

future option. 

results to resources. This means more service and ridership for existing resource levels, 
or reducing the resources required for a present level of service so that service can be 

Larger, multi-door BRT buses coming more often can be a source of productivity gain. An 

there forecast that the upgrade of the Number 6 line to a BRT service called HealthLine, 

.11

Even using the same buses and simply moving them along a route faster can mean reduced 
bus service hour for the same or greater number of passenger miles of service delivery. 

per boarding than non-BRT transit services.

At the same time, the faster speed and visual attractiveness of BRT potentially generates 
more political support for the taxpayer-funded subsidies that are necessary to operate 
public transit in North America.
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EXISTING PARADIGM FOR BRT DEVELOPMENT

To date, best practice authorities have invariably recommended that development of 
BRT be focused on high-density, high-volume corridors. As the Bus Rapid Practitioner’s 
Guide
the appropriate corridors.” This step, according to the Guide

choosing the BRT components.

The Guide
demand characteristics and the availability of resources.” The stages cover adding to or 
upgrading the elements of the starter system, or extending the geographic reach. 

RESEARCH HYPOTHESES

feeder operations using more traditional local buses.12 The authors hypothesized that 
emphasizing BRT only

conceived notions that BRT needs all or most of the available elements to be successful 

from implementing individual BRT elements. 

Clinger and Rutherford noted in the Journal of Public Transportation in 2002: 

possible, many of its components can be adapted for use in conventional bus systems 
13
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CASE STUDIES OF NORTH AMERICAN BRT 
IMPLEMENTATION  

The experience of four North American case study transit agencies in developing and 
deploying BRT illustrates that a range of approaches are possible.

improving bus service.

different approaches.

conversion to rail possible later.
Lane County Transit (Eugene), Oregon, EmX: Single-corridor light BRT; light rail 

Los Angeles County Metro, California, Orange Line: Single corridor heavy BRT based 

522:  Single-corridor light BRT overlay; further BRT routes possible. 

YORK REGION VIVA BRT: SYSTEMWIDE BRT, BETWEEN LIGHT AND HEAVY 

million residents as of 200914

automobile dependence.15  

stops than the local routes have, enhanced stations, off-coach fare collection, schedule 

CA$3.42 million per mile. 
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conversion of some of the BRT lines to light rail.16

Project History and Goals

17  To address these problems, 

density, mixed-use communities connected by rapid transit. 

development, the land use strategy and the Transportation Master Plan based upon it call 

corridors, connecting the four cities to each other, to the surrounding local bus service, 

the designated corridors, and, in turn, this TOD supports increased transit investment, 

18

in Phase II. This strategy has the added advantage of immediately establishing the 
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strategy also incorporates the option of converting the dedicated BRT lanes to light rail 

Building Phase I of the Viva BRT

cost for each. 

Running Way Priority and Routing

The incremental build-out strategy saved time and money in building the system. 

19 Moreover, 

2004 publication, Characteristics of Bus Rapid Transit (CBRT) report estimated that a 

to implement, much longer than Phase I.20

Figure 1 Partial York Transit System Service Map
(Source
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although this may also be due to fare policies, as noted later.23

Stations and Fare Collection

doors, since fare collection occurs before 

and random on-board inspections for 
fare enforcement. All stations have 

The station and fare collection facilities 
are the second biggest infrastructure 

million for the roughly 125 shelters and 

image of 

times.24

times as desired during this period. Riders may also transfer 

adopted a common fare medium across all services to ease 
transfers. These policies have contributed to the higher 
transfer rates.

Vehicles

At a total cost of CA$57 million, the vehicles are the 
biggest single expense for Phase I. YRT has 90 standard 

a cool, fun, and environmentally friendly transportation option. The buses have the stylized 
exterior that is becoming more common in North American BRT systems. The interiors are 

articulated 60-ft. vehicles tend to be the face of the system and are featured extensively in 

are also served by local bus routes running YRT’s conventional 40-foot coaches that 
21

                 

Figure 2 Queue Jump Lanes for Viva
(Source

                  

control center has the ability to extend a green light or shorten the red cycle. Second, YRT 

Cooperative Research Board’s BRT Practitioners’ Guide, travel time improvements from 

the corridor, but are typically in the range of 8 percent to 12 percent for TSP treatments, 
22

Service Changes

YRT restructured some existing bus routes to feed the service by going from four to ten 

stations, but it is not necessarily done on BRT systems. This strategy can lead to an 
increase in customer transfer rates and in some cases overall trip travel times rise for 
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although this may also be due to fare policies, as noted later.23

Stations and Fare Collection

doors, since fare collection occurs before 

and random on-board inspections for 
fare enforcement. All stations have 

The station and fare collection facilities 
are the second biggest infrastructure 

million for the roughly 125 shelters and 

image of 

times.24

times as desired during this period. Riders may also transfer 

adopted a common fare medium across all services to ease 
transfers. These policies have contributed to the higher 
transfer rates.

Vehicles

At a total cost of CA$57 million, the vehicles are the 
biggest single expense for Phase I. YRT has 90 standard 

a cool, fun, and environmentally friendly transportation option. The buses have the stylized 
exterior that is becoming more common in North American BRT systems. The interiors are 

articulated 60-ft. vehicles tend to be the face of the system and are featured extensively in 

Figure 3  Station Stop Shelters for Viva
(Source

Figure 4  Viva Ticket 
Dispenser

(Source
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25

Branding and Marketing

This push for a distinctive identity even extends 

to distinguish them from conventional bus 

agency re-designed its logo to complement the 

 Breakdown of Viva Phase I Costs (Canadian Dollars)Table 2 

$18.2 million
$57.75 million

Facilities $37.38 million
Intelligent Transportation Systems $18.85 million

$ 3.99 million
Other (planning, property acquisition, fare policy 
etc.) $35.45 million

TOTAL $171.63 million
Source

Figure 5  Viva Articulated Bus
(Source

Figure 6  (right) Viva’s Low-Floor Boarding
(Source
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Comparison of BRT Elements from FTA Characteristics of BRT to Viva            Table 3 
Elements 

BRT Element Viva: Phase I Viva Phase II Additions
Running Way

Limited bus-only lanes at 
intersections.

Dedicated median 

Stations and Land Use Enhanced on-street stations.
Some off-street multi-modal 
transit centers.
Regional strategy to encourage 

urban anchors.

passenger amenities.
Continued TOD 
promotion.

buses.
No level boarding.

More articulated vehicles.

Service and Operation 
Plan

18 hours per day, 3–15 minute 

Fare Collection Prior to boarding the coach
ITS TSP at all intersections to help 

late buses return to schedule

from other services and brand 
as premium rapid transit

Source: Data assembled by Lisa Callaghan Jerram

Assessing the Viva

 Ridership in the Corridors Table 4 

Year Conventional Viva Total (Year)
2004 5,300,035 Not in Service   5,300,035
2005 5,832,559 1,423,066   7,255,625
2006 4,225,187 7,134,982 11,360,169
2007 4,074,346 8,296,397 12,370,743

Source
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quality has not been assessed. 

Figure 7 Viva Year-Over-Year Boarding Growth Rate
(Source

heavily-used route. The data indicates modest improvements on travel time from before 

 Travel Time changes for VIVA Blue Line: Finch to Bernard StopsTable 5 

Pre-BRT Post-BRT % Change
44 min. 39 min. -11.4

Uncongested End-to-End Running Time 35 min. 32 min.    -8.6
Source

degree of variability in travel times in the afternoon. For example, the northbound Blue 
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than in revenue boardings. According to the agency, this is due to both the local route 

feeders to the central rapid transit corridors, thus reducing the proportion of single-seat 
rides. 

 2007 York Transit Operating Costs, Per Mile Table 6 

$3.91 

YRT System $4.86

Source

In terms of implementation and operation, the incremental BRT strategy is producing 

the full build-out occurs.

In addition to the phased implementation, YRT also credits an innovative public-private 

The agency reports that such a scheme can be successful for BRT, but putting the PPP 

funding source; set the service levels, fare policies and fares; and retain control over all 
assets and revenues. The private partners supply staff and other resources; provide a 

26
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prospective residents and commercial tenants.27

design and architecture organizations, and environmental groups. YRT reports that the 
 

sustainable development, including the American Public Transportation Association’s 

has no practical impact on the transit service, it does suggest that YRT’s incremental BRT 

Future Plans

proposed alignments and conceptual design for vivaNext. The agency has also been 

scheduled to begin in autumn 2009. 

EMX GREEN LINE BRT: SINGLE CORRIDOR HEAVY BRT

Lane County. The EmX features all of the elements outlined in the FTA’s Characteristics 
of BRT

corridors serving Lane County.  The Lane Transit District (LTD) plans call for building the 

based upon funding availability.28 This represents the traditional approach to providing 
rapid transit service:  heavy investment in high-level infrastructure improvements in 
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permits. This approach derived more from the agency’s long-term strategy for meeting 

implementation of premium rapid transit than from a pressing need to address near-term 

cost-effective alternative to the public’s preferred mode, light rail. During the EmX design 

preference for full implementation of BRT features to create a system that resembled light 
29

Figure 8  Planned Eugene EmX System Map 
(Source: Lane Transit District)

 
The EmX does illustrate incremental BRT through its staggered deployment of some BRT 

2009; fare collection is set to begin in September 2009,30 LTD is also planning to install 

31

32  

Project History and Goals

the EmX had exclusively operated traditional local bus services. LTD serves the roughly 
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from the Oregon coast. Lane County has a high transit ridership rate for a metropolitan 

has doubled over the last 15 years.33

First, in 1992 Oregon mandated that all large cities implement transportation plans that 
could reduce per capita vehicle miles traveled by 10 percent in 20 years. Around the same 

the agency to create a 20-year vision for increasing transit capacity and improving service, 

bus service. 

Figure 9 Lane County Transit Bus Network 
(Source: Lane Transit District)

determined that the $30 to 50 million-per-mile investment could not be supported by Lane 
County’s population base or funding availability.34 The agency also concluded that minor 

BRT could provide the light-rail experience desired by the community at an affordable 

routes, replacing local service. They called the system “the Emerald Express” or EmX, 

existing bus service along this corridor.
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According to LTD, the primary goal of the EmX is to increase ridership by offering a 
competitive alternative to single occupancy car travel.35 To achieve this, they expect the EmX 
to reduce travel time, increase reliability and offer convenient neighborhood connections. 
The agency also expects to reduce operating costs and support land use patterns. Finally, 

process tends to reinforce the traditional single-corridor, high infrastructure investment 

36

Building the EmX Green Line

In this section, the elements implemented on the EmX Green Line and the cost for each 

Running Way Priority and Routing

prior bus service had 18. EmX stations are spaced an average of .44 miles apart.
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Figure 10 EmX Green Line Route
(Source: Lane Transit District)

LTD considered this critical to improving travel times and maintaining service reliability. 

stations to control entry into the single bus 

route and 9 to14 feet at stations. Finally, local 
environmental controls prevented LTD from 

planners to design the route around the trees. 

Another impact of using both curbside and 
median lanes is the need for right and left side 
doors on the BRT vehicles. This and other 

service and differentiate it from regular buses. 

Figure 11 EmX Guideway and Station 
(Source: Lane Transit District) 
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 Costs for EmX Green LineTable 7 

Design/Consulting Costs $2,619,500 
Property Acquisition Costs $1,006,450 
Construction Costs $12,469,480 
Miscellaneous Costs/Utilities $517,170 

$545,610 
Construction Support Costs $1,463,840 

$5,932,070 
Total $24,554,120
Source: The EmX Franklin Corridor—BRT Project Evaluation, FTA report,  April 2009.

trade-offs, as it limits the geographic reach of the transportation improvements and adds 

Stations and Fare Collection

The Green Line's eight intermediate stops are served by enhanced stations of varying 
designs. They are not fully enclosed, but are attractive, distinctive, and comfortable.  Some 

safety.37  The median stations feature raised platforms that enable almost level boarding. 

along the platform edge to prevent vehicle damage if the drivers pull in too close. The 

implement an off-board, pre-paid fare collection until autumn 2009. This decision both 

have paid the feeder bus fare.

Level boarding and pre-paid fare collection are important in reducing end-to-end travel 
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factor in travel time perceptions: according to 
the CBRT, research indicates that passengers 

they have real-time information available. 

Vehicles

and a hybrid-electric drive. They have a green 

limit seating capacity) and provide standing 
room for 50 to 60 more riders.

the bus and the curb. 

When LTD began planning the EmX, 

bus options, LTD decided to partner on 

hybrid propulsion for its planned BRT.  

The buses are considered critical by LTD to the EmX identity as a premium rapid transit 

high-quality image. They are also critical to maximizing capacity on the service.
Service Changes

As already noted, the Green line replaces one of LTD’s most popular local bus lines in this 

 
Figure 12  EmX Median Station 
Illustrating Left Side Bus Doors 

(Source: Lane Transit District)

Figure 13   EmX Bus in Dedicated Curb Lane 
(Source: Lane Transit District)
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38

Branding and Marketing

boarding as not only serving performance outcomes, but also as creating a premium image 
that can attract riders out of their cars. 

Assessing the EmX

Since opening in January 2007, the EmX has succeeded in meeting LTD’s primary goal of 

total bus ridership increased by 4.8 percent from 2006 to 2007.

Based on an early ridership survey, the agency estimates that as many as 25 percent 

agency has also reported that they had to add buses on some of their local routes to meet 
increased passenger demand. Some of this increase may be because the EmX is free, 

the local feeder bus.
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Comparison of BRT Elements from FTA Table 8 Characteristics of BRT 
to EmX Elements

BRT Element EmX Green Line Planned Additions
Running Way

60%
Curbside bus lanes for 40%

Stations and 
Land Use boarding.

development at one.

buses.
Multi-door boarding on both sides.

Service and 
Operation Plan All-stop service only.

Longer station spacing than local 
service.

Fare Collection None for 2.5 years. Off-coach, pre-paid fare 
collection as of Sept. 09

ITS Real-Time Passenger 
information.

Branding program to identify EmX as premium 
rapid transit.

Source: Data assembled by Lisa Callaghan Jerram

The Green Line’s success has raised concerns about system capacity. The agency reports 
39  The buses have a 

can accommodate 540 passengers an hour.40 Unfortunately, the single-lane portions of 

issue could limit the system’s ability to meet rising ridership demand.41

Compared to the former Route 11 bus, the EmX has reduced the average end-to-end 
travel time in the corridor by one minute from 16 minutes to 15 minutes. Most of the time 
saving has come from transit signal priority. Reliability of running time has been improved 
notably, as measured by the standard deviation from the observed mean travel time:  116 
seconds for Route 11 compared to 79 for the EmX. 42 

regular bus service. 
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Figure 14  Ridership Growth Following EmX Service Initiation
(Source: Lane Transit District)

The agency’s approach has made the EmX a model for other US cities interested in using 

rail investment. This approach did result in an extremely long implementation period, 

BRT-styled vehicles, so this is less a problem for agencies today. Finally, the use of the 

land use goals, there has been some promising activity. For example, proposals for mixed 
use development around the Walnut Station are being considered. This area has been 
designated in regional plans for mixed-use development due to its location on the EmX. 
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investments, as early research on BRT’s land development 
impact indicates that local planners and developers respond 

commitment to transit in a particular corridor, demonstrated 
43  

Future Plans

LOS ANGELES COUNTY: METRO RAPID LIGHT BRT AND ORANGE LINE 
HEAVY BRT

Los Angeles offers a chance to compare BRT strategies at opposite ends of the spectrum. 

on existing, conventional arterial bus service, applying relatively easy and inexpensive 

relies upon transit signal priority and longer station spacing to improve travel times in 

implement these features on almost 450 miles of BRT routes.

strategy resulted in high investments for all BRT components, including a dedicated 

cost $66 million per mile.

Figure 15  Wheelchair 
Customer Using Ramp to 

Board EmX
(Source: Lane Transit District)
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goals, alignment availability and political considerations. Each has proven successful in 

transit service. 44

Projects’ History and Goals

approximately 495 million annual boardings. The agency serves a 1,688 square mile 

light rail lines. 

 Metro Rapid Incremental StrategyTable 9 

1. Frequent Service
2. Bus Signal Priority

4. Simple Route Layout
5. Less Frequent Stops

7. Level Boarding and Alighting
8. Color-coded Buses and Stations

Phase I

9. High Capacity Buses
10. Exclusive Lanes
11. Off-vehicle Fare Payment Phase II

Source: Los Angeles CountyMetro

the agency developed a strategy to improve bus service using BRT elements. Based on 
 (Table 9) and crafted an 

eight BRT features that could be deployed on an expedited build schedule. Metro’s stated 
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see the addition of the other four, more costly BRT features. 

The agency adopted the Metro Rapid Demonstration Program in March 1999, and the 

.
Launched in October 2005, the Orange Line BRT evolved in a very different context. In this 

 Orange Line CostsTable 10 
Running Way $180 million

$72 million 
$16 million

ITS $10 million
Fare Collection $6 million
Other $66 million
Total $350 million
Source: Los Angeles County Metro

from the beginning of the planning process, in part because of the existing interest in 

activist group that challenged the transit agency’s selection of full BRT, arguing that 

multiple at-grade intersections. COST asserted that Metro could achieve comparable 
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Ultimately, Metro prevailed and built the full BRT option. The agency concluded that the 

proposed Metro Rapid alternatives;
More consistent travel time savings;

Better support for local land use policies by placing high-capacity service near activity 
centers targeted by the city for TOD. 

Building the Metro Rapid and Orange Line BRTs

In this section, the researchers examine the elements implemented for both the Orange 
Line and Metro Rapid, and the cost for each system. 

Running Way Priority and Routing

The Orange Line is not grade separated, and it crosses approximately 36 intersections and 

later. The Orange Line intersections have synchronized signals that give the buses up to 

45 

The 14 stations are spaced roughly one mile apart. Only the Orange Line operates on 

the BRT. Orange Line stations connect to more than 20 local and Metro Rapid bus lines, 

utilizes roughly 13.5 miles of it.46
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Figure 16 Orange Line Station
(Source: Los Angeles County Metro)

is overlaid onto local routes, using increased stop spacing and transit signal priority (TSP) 

even higher, in contrast to local bus spacing of 0.2 and limited stop service spacing of 0.3 
miles.
 

the Los Angeles DOT indicated Metro 

cost effectively improve travel times 
and reliability by reducing the length 

stations and signalized intersections. 
The system grants signal priority to 

by extending the green light up to ten 
seconds or activating a green light ten 
seconds early. This is intended not only 

but also to reduce bus bunching.47

The ITS system also feeds into the 
real-time passenger information 

$100,000 per mile.

Stations and Fare Policy

Figure 17  Orange Line Station Shelter
(Source: Los Angeles County Metro)
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The Orange Line also has off-coach fare collection so passengers can board through 
multiple doors. Stations have automated fare machines, and fares are enforced through a 

proof-of-payment system based on random inspection. 

bus to board and alight at one time; some, but not all, have 

$72 million.

urbanized corridors, they are designed to minimize the station 
footprint. Most of the over 600 Metro Rapid stations are simple 

a translucent canopy overhang and rail bar; these feature the 

Metro uses conventional on-board fare collection. Metro Rapid 

placed directly after the intersections, in contrast to local 

that it spends about $50,000 per station.

Vehicles

The agency refers to them as “Metroliners,” and the vehicle 
design and livery are intended to resemble rail vehicles. 

more common in contemporary bus design; they are silver, 

passengers must still step up into the buses. The buses have three right-side doors for 

Figure 18  Metro Rapid 
Station

(Source: Los Angeles 
County Metro)

Figure 19  Metro 
Rapid Station Loading 

Passengers
(Source: Los Angeles 

County Metro)



Mineta Transportat ion Inst i tute

Case Studies of North American BRT Implementation36

boarding and alighting. Total cost 

million. 

Metro Rapid uses conventional 

and 60-ft buses on high demand 

special procurement, Metro does 
primarily use recent model year 

than older models. The buses 
have a distinctive red and silver 
livery to distinguish them from 

local buses. Metro Rapid materials frequently note “level boarding” as one of the BRT 

the bus.

 Metro Rapid CostsTable 11 
Stations $50,000 per station
ITS $100,000 per mile

April 2008)
$110 million

$350,000 for 40-ft. CNG bus

$630,000 for 60-ft. CNG bus 
Source: Los Angeles County Metro48

Metro does not include vehicle costs in its Metro Rapid budget, since the vehicles are 

Branding and Marketing

a unifying design and color scheme that serves both to help customers distinguish the 
BRT from other bus lines and promote it as a premium service. The Orange Line branding 

Rapid routes and describing the program. 

Figure 20  Orange Line Articulated Bus
(Source: Los Angeles County Metro)
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Service Design

inconvenient connection since passengers must cross the street 

to approximately 20 local and Metro Rapid bus lines. Drivers are 

passengers requesting the stop.

stop, since the routes have already been designed to maximize 

in Los Angeles County.

Figure 21  Orange Line 
Station Sign

(Source: Los Angeles 
County Metro)
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Comparison of BRT Elements from FTA Table 12 Characteristics of BRT 
  to Metro Rapid and Orange Line

BRT Element Orange Line
Metro Rapid

Phase I Phase II

Running Way Dedicated at-grade On-street mixed 
exclusive lanes on 
Wilshire Blvd.

Stations
raised platforms.

Basic stops and 

Rapid branding.

stylized buses.

Multi-door right-side 
boarding.

40-ft, 45-ft and 

Metro Rapid livery.

More high-
capacity vehicles.

Service and Operation Plan

operation.

All-stop service only.

One-mile station 
spacing.

line.  From 2–15 

10–20 minutes off-

schedules.

Fare Collection Off-coach, proof-of-
payment

On-coach. Plans for off-
coach have been 
shelved due 

room at stops for 

machines.
ITS Synchronized signals at 

all intersections

Real-time passenger 
info

Transit signal 
priority at all 
intersections.

Real-time 
passenger info

Strong branding and 

Orange Line as 
premium rapid transit 

Branding and 

identify stations 
and vehicles and 
promote premium 
service image.

Source: Data assembled by Lisa Callaghan Jerram

Assessing the Orange Line and Metro Rapid
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strategy selected.

Ridership:  Los Angeles implemented BRT primarily to improve service quality for existing 

have indeed increased ridership in their respective corridors. In 2007, Metro reported the 
changes in ridership for Metro Rapid corridors opened since 2000. Total corridor ridership, 

an even bigger increase. Prior to the Orange Line service’s launch in autumn 2005, the 

boarding reached 62,597, a 51 percent increase. The Orange Line itself has averaged 

ridership); heavy rail ridership increased by 12.7 percent; and light rail ridership increased 
by 8.9 percent.49

21,000.50 

trip.

Travel Times, Speed and Reliability:

28.8 and 40 minutes. As of 2008, actual travel times have averaged around 42 minutes at 

and after. 

buses cross the at-grade intersections. Shortly after the Orange Line opened, it experienced 

illegally. Metro addressed this issue by installing more signs and signals to increase 
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the permitted intersection speed, thus limiting the Orange Line’s ability to meet its original 
travel time targets. 

51 

As of 2008, reported travel time improvements in Metro Rapid corridors range from 21 
percent to 37 percent over the local bus service. Overall, Metro reports that Metro Rapid 

thirds.52

improvements, the Orange Line does appear to offer greater travel time consistency than 
Metro Rapid. An April 2006 presentation by a Metro representative compared travel times 
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End-to-End Travel Time and Average Speed Comparison Between Table 13 
  the Ventura Metro Rapid Line and the Orange Line

Ventura Metro Rapid (16.4 miles) Metro Orange Line (14 miles)
Total Time Average Speed Total Time Average 

Speed
a.m. Westbound 44 minutes 22.4 mph 50 minutes 16.8 mph
a.m. Eastbound 45 minutes 21.9 mph 41 minutes 20.5 mph
p.m. Westbound 50 minutes 19.7 mph 51 minutes 16.5 mph
p.m. Eastbound 59 minutes 16.7 mph 41 minutes 20.5 mph
Source: Rex Gephart, Metro Rapid program manager, presentation dated April 2006

higher variability in travel time in both directions depending on the time of day; average 

uncertainty about travel times on any given day and time.

Transfers:

after leaving the Orange Line. This indicates that the Orange Line serves primarily as a 
feeder to other transit, rather than as a single-seat transit trip along the corridor. 

Table 14 

Operating Cost Orange 
Line
BRT

Blue Line 
Light Rail

Gold Line
Light Rail

Green 
Line 

Light Rail

San Fernando 
Valley Busa

Cost Per Revenue 
Service Hour

$243.18 $282.71 $552.54 $440.80 $117.12

Cost Per Revenue 
Service Mile

$14.53 $12.90 $24.56 $14.37    $9.57

Cost Per 
Passenger Mile

$0.54 $0.35 $1.08 $0.54     $0.61

Cost Per Boarding $3.79 $2.45 $7.54 $3.72     $2.26
Source:  Los Angeles Metro FY’07 Proposed Budget
a Represents Metro Rapid operating costs 
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Implementation:  

funding sources. The agency found it relatively easy to secure funding since because of 

about implementing a Curitiba-style BRT in Los Angeles.

Capacity:

Metro had hoped to address this problem by deploying larger buses. In 2007, the agency 

for deployment on Metro Rapid lines over the next several years.

Operating Costs:  A 2007 TRB article about the Orange Line documents cost estimates 
from the transit agency’s FY’07 budget. According to this report, operating costs for the 

Orange Line and light rail costs.
 
Safety and Other Issues:  Although the Orange Line has more visible safety issues, its 
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Transit-Oriented Development:

to build a direct connection to the Canoga Station. 

Future Plans

The Orange Line’s expansion plans are typical of the heavy-investment, single-corridor 
transit approach.  Metro is building a four-mile extension north from the Orange Line’s 

dedicated bus lanes, during the Alternative Analysis, continuing the agency commitment to 

Metro has completed Phase I of the Metro Rapid program, but has had to re-consider its 

because such lanes are controversial, even among transit supporters.53 Moreover, the 
agency has said that because Metro Rapid operates primarily in heavily built-up areas, it 

miles of dedicated curb lanes along Wilshire Boulevard, supported by a federal grant.54 In 
addition, Los Angeles County is planning a bus speed improvement program; the county is 

to improve bus speeds.

SANTA CLARA VTA 522 RAPID: SINGLE CORRIDOR LIGHT BRT

region in the San Francisco Bay Area. Often referred to as the “South Bay,” the region is 

55  
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inexpensive BRT elements designed to provide faster and more frequent service along 

distinct livery. Performance improvements from the 522’s mild service and infrastructure 
upgrades are correspondingly modest, but the service has met its goals of reduced travel 
times and increased ridership, and at a cost of only $3.5 million or $135 thousand per 
mile. 

corridor. While the implementation strategy means that even though the 522 is less of a 

on incremental BRT.56

Project History and Goals

in 2007 compared to 10.3 million on light rail. Light rail ridership has been increasing at a 

increase in 2006 and 24 percent increase in 2007, compared to 2 percent each year for 

57
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believes, indicates that transit resources are not being effectively allocated. To address 

The resulting strategy continues to focus resources on expanding heavy rail service in the 

the plan called for revamping the existing bus service in order to attract more riders and 
increase the farebox recover rate, and implementing a higher order of BRT features in a 

Building the 522 Rapid

Running Way Priority and Routing

is the Palo Alto Transit Center, a multimodal transit hub that serves the Palo Alto and 

Clara Street, another commercial and employment strip, until reaching the residential and 

ending at the Eastridge Mall. The local service essentially runs the same route, except for a 

stops. CalTrain, a commuter rail service connecting San José to San Francisco, provides 
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designed to improve travel times over the local service; as noted earlier in this report, 

points. These transfer points provide connections to light rail or light rail shuttle buses, 
regional train service, and local or express bus lines. 

Figure 22 VTA Rapid 522 Route Map
(Source

feature of the 522.

of $839,000.

Stations and Fare Policy

The 522 uses the corridor’s existing, traditional station and stop infrastructure. The 26 local 
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stop sign, at minimal cost to the agency. This station 
investment serves only to help riders identify the 522 
stops, and does not provide any additional amenity 
for customers, but is a minor branding element.

some from other bus systems. The stations’ layout 
accommodates multiple buses to board and alight 

level boarding platforms. The Palo Alto Station has 

signs, landscaping and lighting. The other transit 
center stops are less substantial, consisting mainly of 

 

rate system. 
 
Vehicles

livery. The buses also have a 

and entry and alighting channels. 

The 522 is the only system in our 
cases study report that does not 
use differentiated bus styling as a 
branding element. The 522 livery 
functions as a means to distinguish 
the Rapid buses from local ones. 

Service Changes

Buses run every 15 minutes on 

The service runs from 5:15 a.m. to 9:00 p.m., a shorter span than the local Rt. 22 line that 
still serves the corridor. 

Figure 23  BRT Branding Signs at 
Stops

(Photo: Ramses Madou)

Figure 24  Palo Alto Transit Station
(Photo: Ramses Madou)
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Branding and Marketing

Branding for the 522 is basic and functional. 
The buses, bus stop signage and 522 Rapid 

branding is designed to let customers easily 
identify the correct bus and stop to use for the 

Categories of VTA 522 Route Costs  Table 15 

$2.7 million

$130,000

Minimal cost

Other (planning, property acquisition, fare policy etc.) $550,000

TOTAL $3.5 million
Source

Assessing VTA’s 522 Rapid

Travel Times:
in the corridor.  To do this, it increased station spacing, drastically reducing the number 

Figure 25  Two VTA Articulated Buses, 
One with the VTA Rapid Livery

(Photo: Ramses Madou)

Figure 26  Standard Size Route 522 Bus with VTA Rapid 
Livery

(Photo: Ramses Madou)
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of stops along the corridor, instituted TSP 
on around half the corridor’s intersections, 

for eastbound travel (see Table 16). The 522 
provides a 20 percent travel time reduction 
compared to the local service. 

is a faster option for longer distance travel 
along the corridor. A trip from the 522’s 

the San José Diridon Station about three-

minutes on CalTrain compared to about an 
hour on the 522.58 

End-to-End Travel Time Changes for VTA 522 Table 16 

Pre-BRT Post-BRT % Change

Running Time 116 min. 88 min. -24.1

Running Time 120 min. 100 min. -16.7

Source: FTA Characteristics of BRT, April 2009

Ridership: 

Implementation and Operation: 

regular bus service. 

Other Bus Improvements
restructuring program. The restructuring effort relies on increasing frequency in high 

ease the transition, including trip planning services via customer representatives and its 

Figure 27  Bicycle Rack on 522 Bus
(Photo: Ramses Madou)
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increases.

Future Plans 

59   

in the service area. The strategic plan also proposes additional BRT lines eventually, as 

incremental, for as the strategic plan notes, amenities such as pre-boarding payment of 
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FINDINGS AND CONCLUSIONS FROM CASE STUDIES

frequency overlay service on multiple high volume arterial routes.

contributed to agency priorities and goals.

The case studies also illustrate that BRT is fundamentally incremental, meaning that it is a 

variations possible in the speed of rollout. The incremental character is a fundamental 

case studies.

Many combinations of basic BRT characteristics are possible, and in fact many combinations 
are seen around North America in the various implementations revealed in the case studies 

the BRT planning literature: the addition of more frequent and rapid service in the existing 

limited service overlaid on a regular all-stops bus line. In each case of an overlay, the 

net of the reduction in customers on the remaining local all-stops service.

Motivations for Approaches Taken

The case studies revealed these multiple motivations for the differing agency approaches 
to BRT development:
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Interest in a less-expensive, less time-consuming approach to public transit in a 

At the same time, BRT serves as a line extension or supplement to the rail service that 

cost, high-visibility service delivery concept promoted by a higher level of government. 
The Federal Transit Administration’s Bus Rapid Transit Demonstration Program put a 

Orange Line.
All the agencies sought a differentiated, higher quality service on selected bus 
high-volume routes of a transit system, to gain better bus performance and higher 
ridership.

traditional service.

caused less than full BRT to be implemented by the time of introduction.

Implication of Case Studies

While in all cases approaching BRT as a corridor solution, the meaning of incremental 
BRT for the future comes across slightly differently across the agencies:

L.A. County: Upgrade features; add more features; add more lines.
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note that there is no requirement to use the term “BRT” in describing and branding bus 
service improvements.  Indeed, to the degree that only a subset of BRT characteristics 
are implemented by an agency, it is important not

improvements have been implemented.

BRT Disaggregated

the open-ended potential for more BRT features and more geographic reach, if only greater 

number and quality of elements such as off-coach fare payment and traveler information. 
There is also room for more extensive geographic coverage in the service territory of the 
transit agency.

The variation in concept in the case studies, and the varieties of success experienced not 
60 leads us to re-

In addition to BRT standing as a new mode in 
its fullest implementations, BRT elements can be considered as a set of speed-enhancing 

and including a total, branded package.   

This is a complete list of potential BRT elements:61 

Bus-only lanes

Unique bus identity through coloring and brand name

Larger capacity buses
Distinctive, dedicated BRT vehicle

Level boarding and alighting
Amenities such as shelters and benches at stops

Next bus displays
Bus bulbs for boarding/alighting bus in its travel lane
Simple bus route layout
Off-vehicle fare collection



Mineta Transportat ion Inst i tute

 54

Frequent service
Dynamic dispatch operation

Intelligent Transportation System (ITS) elements

Passenger information system
Transit signal priority
Electronic fare collection

While the emphasis in the BRT literature is that most or many of these characteristics 

Checklist for Improving Ridership

means to improve ridership is a concept already reinforced by the 2007 TCRP Report, 
Elements Needed to Create High Ridership Transit Systems.62

of potential actions that transit agencies can employ, and BRT elements are often listed. 
For example, Table 2.2 in that report (extracted from the earlier TCRP Report 27 published 

increased capacity, high-occupancy vehicle lanes/facilities, real-time information systems, 
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 Table 17 Elements to Create High Ridership Transit Systems

Category Type Strategies

Service Improvements

General Increased route structure
Increased frequency

Dynamic scheduling
Increased speed
Improved security
Improved comfort
Increased capacity

Suburb to suburb High-occupancy vehicle 
lanes/facilities

Transportation demand 
management 
programs

Suburban activity centers
Suburb to central city Feeder services

Fare integration
Service coordination (timed 

transfers)

Within central city Core services

Information to Customers

Real-time information 
services

Location
Schedules
Tailored schedules
Bus stop information

Medium technology Computerized information 
systems

Fare incentives
Education

image advertising
Cooperative programs

Public Policy Changes

User-side subsidies

Income taxes
Fuel/carbon taxes
Dedicated operating 

support
Road pricing
Source: Building Transit Ridership: An Exploration of Transit’s Market Share and the 

, TCRP Report 27, 1997 (p. 8).
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Choices—Route by Route vs Flexible Feature Addition 
 
The case studies, supplemented by observations of other deployments of high performance 

1. 

of BRT seen in South America, Australia, or Canada.63

2. 
in a manner that optimizes the result of public investment in transit performance 
improvement.

elements present, and some deferred, either temporarily or permanently. The case studies 
did not illustrate the second end of the spectrum, but there is a potential for improvement 
that lies in the cost-effectiveness economics of the issue, as illustrated in Table 18. 
 
The hypothetical BRT development scenarios provided in the Bus Rapid Transit 
Practitioner’s Guide64

elements, travel time performance, and corridor ridership gain.
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 Perform
ance of H

ypothetical B
R

T D
evelopm

ent Scenarios
Table 18

S
cenario 1

S
cenario 2

S
cenario 3

S
cenario 4

S
cenario 5

S
cenario 6

G
rade-S

eparated 
A

t-G
rade &

 In the 
A

rterial M
edian

A
rterial C

urb B
us 

Lanes plus Transit 
S

ignal P
riority

A
rterial B

us Lanes 
O

nly
Transit S

ignal 
P

riority O
nly

P
re-B

R
T travel tim

e
94 m

in
94 m

in
94 m

in
94 m

in
94 m

in
94 m

in

B
R

T travel tim
e

29 m
in

43 m
in

48 m
in

50 m
in

57 m
in

58 m
in

Travel tim
e reduction

69%
54%

49%
47%

39%
38%

E
xisting base ridership

20,000
20,000

20,000
16,000

16,000
16,000

Final B
R

T ridership
17,660

15,700
33,020

11,600
10,885

10,815

Final Local ridership
10,000

10,000
0

8,490
8,490

8,000

C
orridor ridership increase

7,660
5,700

13,020
4,090

3,375
2,815

R
idership percentage increase

38%
29%

65%
26%

21%
18%

C
apital investm

ent cost 
(m

illions)
$242

$109
$84.3

$40.3
$12.5

$11.4

C
ost per route m

ile (m
illions)

$16 
$7.3

$5.6
$2.7

$0.83
$0.76

$32,000
$19,000

$6,500
$10,000

$3,700
$4,000

Source:  
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Six in-depth different scenarios for using BRT elements to improve the travel time 
performance and transit ridership in a hypothetical 15 mile urban corridor served by 
buses are calculated using a variety of expert assumptions and professionally recognized 
calculations.65  The scenarios are ordered in the columns from left to right in the order 
of decreasing investment, and decreasing travel time savings. At the same time, the 

indicate a general trend of reduction. The numbers in the chart above illustrate a trade-

extent of implementation. 

high-volume corridors, based on the numbers in Table 18 above, installing TSP in ten 

about 1/10 the costs seen in heavy BRT implementations in Eugene and Los Angeles.  

Rapid approach to bus improvement covers 33 times more route miles than the Orange 
Line.
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 Performance of Five BRT Development ExperiencesTable 19

L.A. Metro 
Orange 

Line

Lane 
County 

EMX 
Green 
Line

York Viva VTA Route 
522 Rapid

L.A. Metro 
Rapid

Median 
busway 
with TSP

Median 
busway 
with TSP

On-street 
running 
with TSP

On-street 
running 
with TSP

On-street 
running 
with TSP

Travel time reduction 16% 6% 11% 20% 25%
Baseline corridor ridership 
pre BRT

41,580 
(2005) 2,700 19,400 18,023 388,400 

(2000)
Cited corridor ridership after 
BRT implementation

62,597 
(2007) 5,400 45,000 21,300 464,400 

(2007)
Corridor ridership increase 21,017 2,700 25,600 3,277 76,000
Ridership percentage 
increase 51% 100% 132% 18% 20%

Capital investment cost 
(millions) $350 $24.5 CA$172 $3.5 $110

Route miles 13.5 4 50 26 450
Cost per mile (millions) $26 $6.1 CA$3.4 $0.13 $0.24

$16,700 $9,100 CA$6,600 $1,100 $620
Source: Case study data in this report. TSP means transit signal priority.

 

Dimensions of Incrementalism in BRT



Mineta Transportat ion Inst i tute

 60

Figure 28  Dimensions of BRT Incrementalism
(Source: Global Telematics) 

embraced in a particular BRT implementation. The degree of transit exclusivity on the 

as transit signal priority (TSP) or off-coach fare collection. Both the particular characteristics 
chosen, and the quality and degree of implementation are relevant here. For example, 

A second dimension, on the vertical y-axis, is the geographic coverage of the BRT 
deployment in a transit agency’s service area. 

66

more service hours on a route. Far to the right on the graphic is the Bogota, Colombia 

67
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Figure 28  Dimensions of BRT Incrementalism
(Source: Global Telematics) 

One dimension, shown on the horizontal x-axis, is the number of BRT characteristics 
embraced in a particular BRT implementation. The degree of transit exclusivity on the 
guideway is shown as an example, but any BRT characteristic could be substituted, such 
as transit signal priority (TSP) or off-coach fare collection. Both the particular characteristics 
chosen, and the quality and degree of implementation are relevant here. For example, 

bus movement. TSP at the high end would be dynamic sensing by signal controllers of 
how late a bus is running, with the signal responding individually to the situation of every 
late bus to help put it back on schedule.

A second dimension, on the vertical y-axis, is the geographic coverage of the BRT 
deployment in a transit agency’s service area. 

as multiple corridor systems in the same order of features. We have also shown the 

primarily on lowered headways,66 a single feature of BRT which amounts simply to 
more service hours on a route. Far to the right on the graphic is the Bogota, Colombia 
Transmilenio system, a city-wide full-featured BRT including dedicated guideways and 
extensive station stops with level boarding.67

Extent of BRT elements and characteristics
Guideway characteristics given as one example

Extent of Geographic

deployment

Arterial Rapid Bus Dedicated Bus Lanes

Network wide

Single corridor

Frequent Buses

Portland Tri-­‐Met

Frequent Bus Network
LA County

Metro Rapid

York, Ontario

VIVA

Bogota

Transmilenio

Lane County,

Oregon EMX
San Jose VTA 522

Multiple corridors

LA County

Orange Line
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Complete Disaggregation and Network-Wide Implementation

be disaggregated and considered separately for implementation across an entire transit 

 Examples of BRT ElementsThat Can be Applied on Multiple Routes Table 20
Without Necessarily Being Integrated with Other Elements

Invest in partial or complete exclusivity of buses in the travel lane to move buses faster 
than in congested general purpose lanes.

Implement more frequent service.

destinations.
Create a branded, higher class of service on some routes.

Add ITS features such as real-time station displays of minutes until the next bus, or 

Source: Global Telematics

To recapitulate: Unbundled, disaggregated BRT attributes can be a tool for transit 
improvement aimed at increasing ridership for a reasonable cost. At the same time, deep 

BRT can thus be reconsidered as a suite of characteristics that singly or in combination 
create a faster, more reliable, and more attractive bus-based mass transportation mode at 
a cost that invites geographically extensive application. 

Hess, Taylor, and Yoh studied the cost factors in a sample of heavy and light BRT systems 

Los Angeles Metro Rapid lines:
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68

the impact that increasing stop spacing has on decreasing running time. Comparisons 

69

70 

The highly-regarded Eddington Transport Study

71 

chapter.
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BRT IN RELATIONSHIP TO TRANSIT NETWORKS

Going deep by adding many BRT elements in the busiest existing corridor is one choice, 
but so is a less deep implementation of BRT features, or even a BRT light or “very light” 

high-value BRT elements to many lines simultaneously, rather than layering multiple features 

example, heavy BRT implementation in particular corridors may lead to a commitment to a 
route structure that is too soon revealed as suboptimal. Caution is indicated in recent research 

even suburban centers and institutions that happen to be the origins and destinations for 
many trips.72

be planned and operated as systems, rather than as a set of buses placed in service on 

transit systems.”73 

rather than in a limited number of corridors have a vast range of choices in sequencing the 
development and deployment of disaggregated BRT elements. One obvious insight is that a 

connectivity, ridership, and cost-effectiveness.

Basics of Transit Networks

to changes in residential and commercial land development, road infrastructure, and travel 
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support provided to all commercial, educational, and recreational activity by personal 

movement in North America.

provide examples of bus-only lanes in Los Angeles and Eugene, Oregon. Inclusion of 

favorable to the movement of buses.74 

Factors in Designing Bus Service Networks

Bus Route Evaluation Standards,75 

there are traditional, existing standards that organize the many factors that govern the 

schedules, economics and productivity, service delivery, passenger comfort, and safety.

 Bus Network Design StandardsTable 21

Route Design Standards: Under the route design category, 15 criteria are used in designing or 

on the number of deviations or branches; Equal (geographic) coverage throughout the local tax base; 
System design considerations such as enhancement of timed transfers; Streamlining/reduction of 

Proximity to non-residential generators; Limitation on the number of transfers required of riders; Bus 
stop siting requirements; Bus stop spacing requirements.
Schedule Design Standards: The criteria under schedule design are used in designing or redesigning a 

Differing levels of service, i.e., local service versus express service; Differing character of service, e.g., 

Economic and Productivity Standards: 

productivity standards include criteria that measure the performance of an already existing service. The 

Passengers per hour; Cost per passenger; Passengers per mile; Passengers per trip; Passenger 
miles; Revenue per passenger per route (either in absolute dollars or as a percentage of variable cost); 
Subsidy per passenger; Route level minimum variable cost recovery ratio; Route level minimum costs 

routes in the system.
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Service Delivery Standards: The criteria for this category of standards measure service reliability. 

of interval). These criteria measure a route’s service as actually delivered to a passenger…. some transit 
systems use these criteria at a system, not bus route, level.
Passenger Comfort and Safety Standards: 
rider using the bus system:

Passenger complaints; Missed trips; Unscheduled extra buses or trips; Accidents; Passenger 

Source: Excerpt from Bus Route Evaluation Standards, TCRP Synthesis 10, TRB, 1994, pp. 6–8.

76 

be met:

Connectivity: Service connects users’ origin and destination
Access: User must be able to get to the stops at both ends of the trip
Schedule: Service operates at appropriate times

Security: User must feel safe and secure.

Notice that “speed or “faster than by private automobile” is not one of the conditions listed. 
In fact, an analysis of household travel diary data from Portland, Oregon, reported in the 

transit. More important is easy physical access to the transit system, and the amount of 

Connectivity, access, and schedule in Beimborn’s list are the important concepts related 
to BRT elements. These three conditions support an incremental approach to better bus 
service that favors geographic reach over full-featured BRT lines covering less territory.

Process of Designing Bus Transit Networks

and Wilson77

buses, and scheduling the bus drivers.

A diagram produced by Fan and Machemehl78 illustrates the input data and results of the 
process (Figure 29, next page).
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Figure 29  Bus Planning Process

(Source: adopted from diagram by Wei Fan and Randy B. Machemehl, Optimal Transit 
Route Network Design Problem: Algorithm, Implementations, and Numerical Results, 

Center for Transportation Research, University of Texas at Austin, May 2004, Figure 1.2, 

79

alternative forms of overall system design. Bus system designs that can be read-

redesign should be achievable if quantitative investigation of travel patterns and 
80
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EVOLVING TOWARD A BETTER NETWORK

While the case studies reveal a process of implementing multiple BRT elements in an 

improvement is the addition of selected high-value BRT elements across the board on 

service. 

An important concept emerges: making sure that incremental investments in BRT elements 
to improve existing transit routes are consistent with a development path toward an overall 
improved network.
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NETWORK IMPROVEMENT THROUGH INCREMENTALISM
 
There are many existing methodologies and transit agency practice examples of analyzing 

and ridership gains.

The four case study agencies illustrate these practices:

Los Angeles County Metro engaged in a structured selection process for identifying its 

average passenger trip length, revenue operating speed, annual passengers per 

overlay service.81 

82

In all these agencies, planners have conducted public consultations in order to understand 

Academic researchers have also developed techniques for systematically expanding transit 

using data from geographic information systems (GIS) entered into a computer-based 
model to extend an existing transit system through prioritizing route and stop additions. 
They demonstrated and documented its use for transit system in Columbus, Ohio.83
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Backbone Trunk Quality as Central

As described in the TCRP document Developing Guidelines for Evaluating, Selecting, 
and Implementing Suburban Transit Services,84

feed passengers in outlying areas into transfer centers providing high volume, high capacity 

validated, analytical models treat transfers:

…choice of mode is typically found, in mode choice model estimation, to be more 

time overall that is in the range of 1.5 to 2.3 times the sensitivity to in-vehicle 

higher out-of-vehicle time sensitivities.85

centers.86

The Quickways Vision

articulated by Alan Hoffman.87

employment centers and other congested destinations.

system.88

One approach to this design concept for bus transit as developed by Hoffman in a draft 
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quoting:

 

bypass individual stations;

3. Less dependent on advanced transit vehicles;

as advanced passenger information systems;

achieve travel time savings;

6. Employing a robust and multi-route service pattern, designed to deliver the largest 

7. Focusing branding and identify more on the infrastructure and less on the 
vehicles.89

  

even support a premium fare.

that intends to avoid incremental sub-optimization of overall connectivity by emphasizing 

as the traditional approach of applying many characteristics on a selected line.
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RECOMMENDATIONS

These recommendations are made from the results of this study:

implementation of BRT elements, or by other means not covered in this report.

high volume corridors, transit agencies should also consider the option of extracting a 

program,90

Britain. 

91 should be expanded to include more 

Suggestions for Further Research

Federal Transit Administration on this question.

additional service hours increase ridership, but an associated issue is the change in 
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next-bus have been observed by the authors to be inoperative at BRT stations that are 
not part of the case study systems. 

over a period of years inherently less effective in gaining higher ridership than 
implementing larger bundles of BRT elements all at once in order to get a “big bang” 
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CONCLUSION: A PATH TO BETTER TRANSIT

to public transit improvement. In particular, there should be no automatic compulsion to 

full-featured, heavy BRT line. 

preferred alternative is selected and implemented in that corridor. Although corridor-level 
planning serves the requirements of rail transit, a geographic focus limited to one corridor 

An insight emerging from this study is that selected BRT elements can also be implemented 

land development policy is best. Incremental, step-by-step upgrading of the entire system 

Overall, the authors recommend reconsideration of the implicit proposition in bus transit 
performance improvement that the corridor-level BRT planning paradigm is the obvious 

light BRT and even heavy BRT to be applied across multiple corridors at investment levels 
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ABBREVIATIONS AND ACRONYMS

APTA American Public Transportation Association

BRT Bus Rapid Transit
CA Canadian (as in Canadian Dollars)
CBD Central Business District
CBRT Characteristics of Bus Rapid Transit
COST Citizens Organized for Smart Transit
FTA Federal Transit Administration
GIS Geographic Information System

ITS Intelligent Transportation Systems
LTD Lane Transit District
PPP Public-Private Transit Partnership
ROW Right-of-Way
TCRP Transit Cooperative Research Program
TOD Transit-Oriented Development
TSP Transit Signal Priority
TTC Toronto Transit Commission

YRT
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