








BRT System Benefits

choices. For example, for conventional bus service and light rail operations with
unmanned stations, labor costs make up roughly 70 percent of total operating
costs, with the cost of fuel, parts, equipment, and services making up most of
the balance. In contrast, for U.S. rail systems with manned stations, agency labor
costs make up more than 80 percent of annual operating costs. This relationship
is further illustrated for the BRT context in Exhibit 4-9.

Exhibit 4-9: Labor Staffing Requirements
for Alternative BRT Investments

Source: Comparison of bus and rail budget data from WMATA

The exhibit presents illustrative examples of total staffing needs for BRT systems
with differing configurations (i.e,, for mixed traffic, controlled access, and ex-
clusive ROW alternatives). As with earlier examples, this comparison assumes
increasing investment in BRT elements moving from the mixed traffic alterna-
tives to the exclusive right-of-way alternative. In particular, it is assumed that
the mixed traffic alternative uses simple raised platform stops, conventional on-
board fare collection, and minimal investment in ITS. In contrast, the exclusive
ROW alternative is assumed to include several large and manned stations, roving
fare inspectors, and heightened investment in ITS systems (such as real-time pas-
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senger information displays and kiosks). The controlled-access ROW alternative
represents a mid-point between these two extremes. The differing staffing needs
for these alternatives are represented here as the ratio of the full-time staffing
count required for each operational function to the number of vehicle operators
required to maintain comparable service levels for each alternative. (In other
words, for each full-time vehicle operator delivering service, the mixed traffic
alternative requires roughly 0.7 additional staff FTE's to support BRT operations,
including vehicle mechanics, transit police, and administrative staff; in contrast,
the exclusive ROW requires 1.5 additional, non-operator staff per operator.) The
point to note here is that the lower-complexity BRT investments require less
labor to deliver comparable levels of service frequency (if not the same service
quality) as compared to more complex BRT investments. However, higher speeds
on busways may need fewer operators for a given level of service demand.

To summarize briefly, capital investment and operational design choices both
have material impacts on the operating costs and operating cost efficiency of
BRT investments. Potential BRT system planners should carefully consider and
evaluate these potential cost implications when identifying the best mix of BRT
elements to meet the specific transportation needs of any given transportation
corridor.

System Performance Profiles

The following performance profiles demonstrate the determinants of operating
costs for a selection of U.S. BRT systems. Because of the wide variability in labor
and other costs in different regions of the world, this report will not compare
operating costs for other worldwide BRT systems.

Metro Rapid Wilshire-Whittier, Los Angeles

The Metro Rapid Wilshire—Whittier line in Los Angeles operates in the high-
est density transit corridor in the region. Before the implementation of Metro
Rapid, a combination of seven local and limited service lines operated in the cor-
ridor (five in the Wilshire Boulevard corridor and two in the Whittier Boulevard
corridor). In terms of service effectiveness and efficiency variables, Metro Rapid
improved the performance of transit service in the corridor, as shown in Exhibit
4-10.
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Exhibit 4-10: Operating Efficiencies in the Wilshire—Whittier Metro Rapid Corridor (as of 2002)

Passengers per Revenue Hour Subsidy Per Passenger Mile Subsidy Per Passenger

Route Before Metro After Metro Before Metro After Metro | Before Metro After Metro
Rapld Rapld Rapid Rapid Rapid Rapid

18/318* $0.17 $0.18 $0.51 $0.46
20/21/22/320%/322* 43 61 $0.21 $0.15 $1.08 $0.58
Metro Rapid 720 57.2 $0.14 $0.82
Combined 51 59.7 $0.20 $0.15 $0.79 $0.65

*Service eliminated after implementation of Metro Rapid

Metro Rapid’s implementation increased the service productivity from 51 pas-
sengers per vehicle revenue hour to 59.7 passengers per vehicle revenue hour. It
also reduced corridor subsidies related to both passenger miles and total pas-
sengers. Note that the Metro Rapid service increased the combined efficiency
of service operated in that combined passengers per revenue hour increased and
combined subsidy per passenger and per passenger mile decreased. The benefit
of Metro Rapid is that it improved performance measures for the corridor transit
service as a whole (Transportation Management & Design, Inc.,, 2002).

West Busway, Pittsburgh

The West Busway in Pittsburgh demonstrated the following performance mea-
sures for operating cost efficiency and cost effectiveness, as illustrated in Exhibit
4-11 and Exhibit 4-12 (U.S. Department of Transportation 2003):

Exhibit 4-11: Performance Measures for Pittsburgh West Busway
Operating Cost Efficiency (veh mi per veh hr)

Operating Cost Per:

Vehicle revenue mile $6.40
Vehicle revenue hour $81.90
Passenger mile $0.65
Unlinked passenger trip $2.73

Martin Luther King Jr. East Busway, Pittsburgh

The speed of the East Busway allows more vehicle miles of service to be operated
with the same number of vehicle hours, which drive major operating costs such
as labor costs. This is because operating speeds are higher.

Exhibit 4-12: Performance Measures for Pittsburgh East Busway
Operating Efficiency (veh mi per veh hr)

Vehicle Miles per

Route Type Vehicle Hour
New routes 15.8
Routes diverted to East Busway 19.6
Other routes in system 11.5

The comparison of vehicle miles per vehicle hour shows that routes on the East
Busway are able to generate between 37 and 70 percent more vehicle miles from
each vehicle hour (Pultz and Koffman 1987). An analysis performed by Port Au-
thority Transit (now Port Authority of Allegheny County) assigned operating
costs to transit trips and calculated operating cost parameters for different types
of routes.
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Exhibit 4-13: Operating Cost per Service Unit by Type of Route
for Pittsburgh East Busway (1983 $)

Pep;ormance Ridership New Diverted | All cher Routes
easure Routes Routes in System
Cost Per passenger trip $0.76 $1.95 $1.27
Effectiveness

Per peak passenger trip $1.32 $3.19 $3.09

Per passenger mile $0.15 $0.37 $0.24

Per peak passenger mile $0.27 $0.60 $0.58
Cost Efficiency  Per seat mile $0.06 $0.06 $0.07

Per peak seat mile $0.12 $0.09 $0.16

Per vehicle vile $3.61 $2.58 $3.26

The analysis shows that new routes and diverted routes on the busway operate
with higher operating efficiencies with respect to capacity operated (seat mile
and peak seat mile). Diverted routes have lower operating costs per vehicle mile
than other non-busway routes. (The higher cost of operating vehicle miles for
new routes can be attributed to the fact that those routes are operated with
articulated vehicles.) Furthermore, new routes have higher cost effectiveness,
with lower costs per unit of service consumed across the board, especially since
demand is close to the operated capacity. Diverted routes demonstrate lower
cost effectiveness since they tend to generate demand further below capacity
than other routes (Barton-Aschman 1982).

Silver Line Washington Street and Waterfront Service,
Boston

A comparison of the Silver Line Washington Street service with the previous lo-
cal bus service in the corridor and MBTA's systemwide bus service demonstrates
how BRT's greater ridership intensity can improve operating cost efficiencies
even if the costs per vehicle mile are higher.

The Silver Line’s costs are higher on a per vehicle mile basis, largely due to the
higher cost of CNG over diesel fuel used by the previous local bus service and by
the rest of the MBTA fleet. However, the Silver Line has much higher usage than
the other local services. As a result, MBTA is providing less of a rider subsidy for
the Silver Line service than for its local routes.
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Early results for the Silver Line Waterfront service show a higher passenger sub-
sidy rate due to the lower ridership levels than on the Washington Street service.
Two of the Waterfront lines operate in corridors not previously served by tran-
sit, and the Waterfront area is still in the early stages of a major redevelopment
boom. Therefore, current ridership is lower than would be expected when the
new developments open.

Exhibit 4-14: Comparison of MBTA Silver Line
Washington Street Operating Costs

Cost per | Cost per | Passengers Revenue
Vehicle | Vehicle | perVehicle | Cost per per
Mile Hour Hour Passenger | Passenger | Differential
f:'r‘]’:r $17 $109 1174 $0.92 $0.42 (50.50)
Rt. 49 $13 $102 99.5 $1.03 $0.48 ($0.55)
System $10 $102 51.2 $1.99 $0.53 ($1.46)

Source: 2004 MBTA Service Plan

Exhibit 4-15: MBTA Silver Line Waterfront
Operating Costs, Early Results

Cost per | Cost per | Passengers Revenue

Vehicle | Vehicle | perVehicle [ Cost per per

Mile Hour Hour Passenger | Passenger | Differential
$11 $142 76 $1.88 $1.15 (0.73)

TRANSIT-SUPPORTIVE LAND DEVELOPMENT )

Benefit of Transit-Supportive Land Development

Like other forms of rapid transit, BRT has a potential to promote transit-support-
ive land development, promoting greater accessibility and employment and eco-
nomic opportunities by concentrating development, increasing property values,
and creating more livable places. BRT corridors serve both existing land use and



have the ability to create new land forms along the transit system. Definition of
Transit-Supportive Land Development

Definition of Transit-Supportive Land Development
Investment in public transit facilities such as stations or other transit infrastruc
ture improves accessibility and attracts new development. Transit-supportive
land development leverages the characteristics of transit—regular and frequent
flows of pedestrians and customers. There are several characteristics of transit-
supportive land development. Typically, this development has higher densities
and intensity of use. The mix of land uses is more diverse, including housing,
employment, retail, and leisure activities. There is less emphasis on automobile-
oriented uses and automobile access (less parking).

Transit-supportive land development creates many additional benefits. In many
BRT systems, transit-oriented development is being used as a tool to encour-
age business growth, to revitalize aging downtowns and declining urban neigh-
borhoods, and to enhance tax revenues for local jurisdictions. These benefits
contribute to a net regional economic benefit. Most important, these benefits,
in turn, generate a direct net impact for transit system customers by allowing
increased access to jobs and other services as well as improved mobility.

Measures of Transit-Supportive Land Development
There are several ways to gauge how BRT enables transit-supportive land de-
velopment. For the purposes of this report, three ways are presented: actual
impacts to the quantity of development around transit, actual impacts to the
character of development, and the extent of changes to land use and develop-
ment policy.

Quantity of New Development

The quantity of new development is usually presented as the amount of new
development within a certain distance of a transit station or transit running way
alignment. Although there is no uniform measure of quantity of new develop-
ment for comparison corridors, common measures include gross square footage,
number of housing units, new population accommodated, and new jobs accom-
modated. The area of reporting is sometimes represented as one-quarter or
one-half mile from transit stations or transit alignments.

BRT System Benefits

Character of New Development

The character of new development incorporates many concepts such as land use
mix, extent and quality of pedestrian infrastructure and the scale of develop-
ment, and the extent to which uses are pedestrian-oriented and not automo-
bile-oriented. Due to the qualitative nature of these characteristics, there is no
uniform way to represent the character of new development. Simple measures
indicate whether land uses are mixed or not and whether pedestrian infrastruc
ture is provided.

Changes to Land Development Policy

Changes to land development policy are difficult to characterize. Often, the
strength of transit-supportive policies can be rated. For this document, it is re-
ported whether or not a local agency has adapted land development policy as a
result of or in anticipation of implementation of a BRT system.

Effects of BRT Elements on

Transit-Supportive Land Development

Specific design elements of a BRT system, particularly those that involve physical
infrastructure investment, each have positive effects on land use and develop-
ment.

Running Way
Research shows that the effect of investments in running ways is three-fold:

<~ They improve the convenience of accessing other parts of a region from sta-
tion locations.

< Increased accessibility increases the likelihood that property can be devel-
oped or redeveloped to a more valuable and more intense use.

< Physical running way investments signal to developers that a local govern-
ment is willing to invest in a significant transit investment and suggest a
permanence that attracts private investment in development.

Stations

Station design can have significant impacts on the economic vitality of an area.
A new BRT station provides opportunity to enhance travel and create a livable
community at the same time. Station designs that effectively link transit service
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to the adjacent land uses maximize the development potential. It is important
to note that the inclusion of routes in BRT systems that combine feeder service
and line-haul (trunk) service reduces the need for large parking lots and parking
structures, thereby freeing land at accessible locations for development.

Vehicles

Vehicles can reinforce attractiveness (and, indirectly, the development potential)
of BRT-adjacent properties to the extent that they:

<~ demonstrate attractive aesthetic design and support brand identity of the
BRT system

< suggest a willingness on the part of the public sector to invest in the com-
munity

< reduce negative environmental impacts such as pollutant emissions and
noise

Experience in Boston and Las Vegas suggests that developers do respond to ser-
vices that incorporate vehicles that are attractive and that limit air pollutant
and noise emissions. Successful developments in Pittsburgh and Ottawa, where
more conventionally-designed vehicles are deployed, suggest that development
can still occur with all vehicle types as long as service improvements highlight
the attractiveness of station locations.

Service and Operations Plan

The flexible nature and high frequencies of BRT service plans allow it to expand
or contract with changes in land use quickly and easily. If the BRT is designed to
provide fast and convenient connections among key activity hubs in an urban or
suburban area, this may help attract developer interest.

Other Factors Affecting Transit-Supportive
Land Development

Policy and Planning

In most cases, transit agencies in the United States do not have direct author-
ity to plan or direct the development patterns of areas around stations of their
systems. Land development policy is usually the responsibility of local municipal
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agencies. Land development policy and planning instruments, such as plans and
zoning codes, determine several characteristics that affect development:

< land use intensity
<> mix and variety of uses

< guidelines for site planning, architecture, pathways, and open spaces that
affect the pedestrian-oriented nature of an area

< parking requirements

Transit agencies do often support standards that increase the transit market
base — density bonuses, promotion of land use mixing, removal or relaxation of
density caps, removal of height limits, and reduction of parking ratios.

Economic Environment

Transportation is a necessary condition for development but does not drive de-
velopment. The rate of regional development is defined by the strength of the
local economy. In addition to BRT system characteristics and local planning
and zoning, the local economy drives how much development can occur. While
the local economy is out of the control of transit agencies, they can play a role in
directly supporting development projects.

System Performance Profiles

Projects discussed below illustrate the increasing relationship between BRT sys-
tems and transit-supportive development. This information is a compilation of
qualitative and anecdotal data provided from transit agencies and local city of-
ficials.

Silver Line, Boston

Phase | of the Silver Line was developed along the Washington Street corridor,
which originates from downtown Boston to the southwest. The Washington
Street corridor is historically a strong corridor for development, owing to its his-
tory as the primary link between downtown Boston and towns to the south and
west. Previously known as a “gateway” into Boston, it was once served by an
elevated heavy rail line. The corridor had been economically depressed through-
out the 1970s and 1980s and had seen derelict, abandoned, and demolished
structures. Due to the 1973 “transit-first” policy, which increased investment in
public transit, the elevated heavy rail line was removed from Washington Street



between downtown and Dudley Square in 1987. For 10 years, the corridor was
not served by rapid transit. Discussions were held to determine alternatives,
and the decision to implement Boston’s first BRT system, the Silver Line, was
made. Removing the elevated structure, repaving the roadway, and improving
the streetscape were seen as key elements to the revitalization of Washington
Street. Throughout the planning and construction of the Silver Line Phase | proj-
ect, development has accelerated along the corridor, resulting in at least $93
million in new development. Projects include a mix of retail, housing, and in-
stitutional uses, including police stations and medical facilities. Most projects
include retail on the ground level.

Phase Il of the Silver Line, the Waterfront service, connects South Station, which
is also served by the Red Line subway, commuter rail, Amtrak, and inter-city
buses, to Logan Airport and to the Seaport District. The Seaport District is a
prime real estate development opportunity in Boston; until recently, it had been
dominated by maritime uses and surface parking lots. The 1,000-acre site offers
the city a chance to create the first new transit-oriented development neigh-
borhood in decades. Massport, the state agency responsible for the manage-
ment of airports, bridges, and port facilities, owns much of the property in this
area. Along with the Boston Redevelopment Authority, Massport is working to
promote dense mixed-use development and create a “new downtown.” The
Seaport District’s transit orientation is being driven in part by a state-imposed
parking freeze.

Laconia Lofts (Silver Line Phase I)

South End Community Health Center
(Silver Line Phase )

The Courthouse, World Trade Center, and Silver Line Way stations are within
walking distance of the majority of development. Massport and the MBTA are
working with the site developers to ensure that the planned projects are inte-
grated with the Silver Line stations. For example, the World Trade Center station
was built jointly by the MBTA, Massport, and the local developer. Riders have
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direct pedestrian access into the World Trade Center complex from the Silver
Line station. This same developer is working with Massport on a new project
to be built in the air rights over the World Trade Center station and will have an
entryway directly into the station (Breakthrough Technologies Institute 2008).

Area D-4 Police Station (Silver Line Phase |) Joseph Moakley Courthouse

(Silver Line Phase II)

The Transitway, Ottawa, Ontario

Over one billion Canadian dollars have been invested in new construction
around Transitway stations. Since 1987, the following construction projects were
completed:

<~ In 1987, the St. Laurent Shopping Centre completed an expansion that
included 80 additional retail outlets.

< Six new office buildings, a cinema complex, and a community shopping
center have been constructed near Blair station since it opened in 1989.

< In 1991, the Riverside Hospital built an expansion over the Riverside station,
and a pedestrian walkway was constructed to connect the station with a
new medical office building.

< The regional planning department found that between 1996 and 1998,
more than $600 million was spent on the construction of 3,211 residential
units and 436,858 square meters of institutional and commercial buildings
near Transitway stations.

From 1988 to 1993, more than 2,300 housing units were built within an 800-me-
ter radius of 14 surveyed Transitway stations. The majority of this construction
occurred near the Hurdman and Tunney’s Pasture stations. The Tunney’s Pas-
ture station is surrounded by a federal complex that employs 10,000 workers. A
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large mixed-use project was built that featured a residential tower and 18,200
square meters of retail (located on the ground floor) and upper-level offices. The
project received approval to lower the parking requirements, given its accessi-
bility to the transit station. In addition, a significant amount of development
has occurred around other stations along the Transitway, including the Blair, St.
Laurent, and Riverside stations, and Rideau Center.

North Las Vegas MAX, Las Vegas

The North Las Vegas Boulevard corridor is a low-density corridor extending from
downtown Las Vegas to the north. The system began operation in summer 2004.
While general development patterns have still not yet transformed due to the
brief period of operation, one casino has already invested in pedestrian facilities
and an additional station to attract passengers from the system.

Orange Line, Los Angeles

Opportunities for development along the Metro Rapid Orange Line in Los An-
geles are certain. A Revised Final Environmental Impact Report (RFEIR) for the
Metro Orange Line concluded that the exclusive transitway operation of the Or-
ange Line has potential land use benefits that would encourage transit-oriented
development at or around stations and is consistent with adopted local planning
documents. Potential redevelopment may be a consideration as well. The Com-
munity Redevelopment Agency of Los Angeles (CRA) invited the Urban Land In-
stitute (ULI) to examine development opportunities in the core area of the CRA’s
North Hollywood Redevelopment Project, particularly at the North Hollywood
Metro Red Line subway station. Near this station is the terminus for the Metro
Orange Line. The North Hollywood community area was originally a farming
community and eventually became a convenient residential area. Following
freeway construction of the 1960s and 1970s, the area experienced decline, but
redevelopment efforts have been made since 1979. Significant changes have oc-
curred since the opening of the Red Line Metro subway station in 2000. This,
in combination with the addition of the Metro Orange Line, has resulted in an
increase in revitalization efforts. Commercial and residential investments have
been made, and developers have continued to express interest as well. NoHo
Commons, a multi-phased mixed-use complex several blocks east of the North
Hollywood Metro Rail Station, features 220,000 square feet of office space,
228,000 square feet of shops and restaurants, 810 units of housing, a community
health center, and a child-care center.
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LYMMO, Orlando

LYMMO plays a vital role in the economic development of downtown Orlando.
Numerous commercial and residential developments have been built since the
inauguration of the LYMMO BRT service. By providing a high-quality, frequent,
and reliable transportation choice for downtown employees, visitors, and resi-
dents, LYMMO has increased accessibility to public transit. The City of Orlando
makes use of LYMMO as a tool to promote development. As a possible result
of this strategy, there are five new office buildings in Downtown Orlando with
about one million square feet per building. In addition, six new apartment com-
munities have recently been developed in downtown Orlando (National Bus
Rapid Transit Institute 2003).

West Busway, Pittsburgh

The Port Authority of Allegheny County has advertised for joint development
opportunities with those interested in using agency-owned land for plans com-
patible with adjoining park-and-ride lots. Despite the difficult development
conditions (narrow railroad corridor with limited commercial activity), some
development has been generated. The Borough of Carnegie has constructed a
municipal building, including retail services, adjacent to a 215-space park-and-
ride lot at the terminus of the West Busway. The Port Authority also has solic-
ited development at the West Busway’s Carnegie Borough Park-and-Ride and a
park-and-ride lot in Moon Township near Pittsburgh International Airport. The
Moon Township development is notable since it demonstrates how the flex-
ibility of BRT enables the benefits of transit to be transferred to locations not
directly adjacent to the major transportation facility (U.S. Department of Trans-
portation 2003).

Martin Luther King Jr. East Busway, Pittsburgh

From its inception, the East Busway was envisioned by state and local officials to
stimulate development through the eastern Pittsburgh suburbs. Early efforts in-
cluded promotion of development and designation of “Enterprise Development
Areas” in the municipalities of East Liberty and Wilkinsburg (Pultz and Koffman
1987). Fifty-four new developments have occurred within 1500 feet of stations.
Overall, the East Busway corridor, since its opening, has experienced approxi-
mately $500 million in land development benefits.
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EmX, Eugene

In Eugene, Oregon, the Lane Transit District (LTD) and city planning agencies
have begun planning exercises to encourage higher density development around
EmX stations. Enhanced bicycle and pedestrian connections address a number
of traffic issues and provide a more pedestrian-friendly environment. In Decem-
ber 2006, a 13-acre parcel at the northwest corner of International Way and Cor-
porate Way was sold for $5.8 million. Plans for the property include dividing it
into six different parcels. It was said that the property had generated a lot of
interest, largely because of its location along the EmX route.

Euclid Avenue HealthLine, Cleveland

Real estate development along Cleveland’s Euclid Avenue received a major boost
when plans were unveiled for a BRT line. The presence of identifiable station
structures was cited as a key reason for this speculative development. Part of
this interest may be attributed the fact that the project includes a complete
streetscape renovation by the Greater Cleveland Regional Transit Authority
(GCRTA); streetscape enhancements, including pedestrian scale sidewalk light-
ing, will enhance the pedestrian character of the Euclid Corridor and comple-
ment the recent redevelopment efforts within this area. In February 2008, a
Cleveland Plain Dealer article estimated that more than $4.3 billion in economic
investments have occurred or are planned along this corridor. The article noted
the key role that the Euclid Corridor project had played in revitalizing this area.

BRT System Benefits

ENVIRONMENTAL QUALITY

Benefit of Environmental Quality
Environmental quality represents a variety of indicators reflecting the local ur-
ban and natural environments, public health, and the global environment.

BRT can improve environmental quality through a variety of means, but the
most significant impacts are reduced vehicle emissions of local air pollutants,
greenhouse gas reductions, and increased vehicle fuel efficiency. BRT systems
may produce these impacts through three mechanisms that affect the emissions
and fuel consumption of both the BRT vehicles and other vehicles operating
around the transit corridor:

< Vehicle technology—Many U.S. BRT systems use alternative fuel vehicles,
primarily compressed natural gas and diesel-hybrid. New diesel buses also
have very low emissions due to stringent federal heavy-duty diesel engine
emissions standards going into effect from 2007 to 2010.

< Ridership and mode shift—BRT systems in the U.S. are attracting driv-
ers to transit. Shifting trips from private cars to BRT lowers regional vehicle
miles traveled (VMT) and reduces total fuel consumption and emissions
levels.

< Traffic system effects—In some cities, BRT has been shown to reduce
congestion and improve overall traffic speeds, which can improve vehicle
fuel economy and lower vehicle emissions.

Like other transit modes, BRT operations also can have noise or visual “pollution”
impacts. These will primarily affect public health or well-being and the aesthet-
ics of the surrounding community. BRT’s noise and visual impacts are the result
of the transit system’s physical infrastructure—vehicles, running way, stations
—as well as the treatments along the corridor. Experience with BRT indicates
that these impacts can be positive or negative. Transit agencies will want to
consider both the need to alleviate negative effects that may result from BRT
operations and also how the system design can improve the auditory or visual
environment.

This section reviews the current understanding of BRT's effect on five environ-
mental quality indicators and explore the BRT system factors that have a signifi-
cant impact on them. It considers only the impacts of BRT operations, not ef-
fects related to construction activities. Although transit construction may have
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significant environmental consequences, the effects are short-term. This section
focuses upon the long-term environmental benefits that can help support a lo-
cal community’s decision to build a BRT system.

Definition of Environmental Quality

Environmental quality encompasses a broad array of issues. For this discussion,
the focus is on five key environmental indicators:

<~ Local air pollutants have a significant, direct impact on the local en-
vironment and on public health. Transportation is the primary source of
urban emissions of three local pollutants regulated by the U.S. Environmen-
tal Protection Agency: ground-level ozone, formed by a reaction between
nitrogen oxides (NOx) and volatile organic compounds (VOCs), particulate
matter (PM), and carbon monoxide (CO). This section will focus on BRT
emissions of these three local pollutants.

<~ Greenhouse gases—Transportation is the second biggest fossil fuel
source of greenhouse gases (GHG), which can lead to global warming.
Vehicle GHG emissions include carbon dioxide (CO2), methane, and nitrous
oxide. CO2 is the dominant greenhouse gas, comprising more than two-
thirds of total emissions in the U.S. However, methane is a concern because
it has a much greater global warming impact than CO2. This section will
review both greenhouse gases where possible, but CO2 data is typically
more readily available from transit systems.

Currently, the U.S. EPA does not regulate vehicular GHGs. However, in April
2007, the U.S. Supreme Court ruled that the EPA does have the authority to
regulate greenhouses gases, so it is possible that EPA will develop a GHG regula-
tory framework.

<~ Fuel economy relates to the BRT vehicles’ fuel efficiency as well as the
total fuel consumption of both BRT and passenger vehicles in the transit
corridor. Fuel economy is of interest for promoting operational energy
efficiencies and broader energy security. It should be noted that, while
improved fuel economy may correlate positively with reduced emissions,
this will not always be the case with certain fuel types. Fuel economy does
correlate directly with CO2 emissions.

<~ Noise is becoming a greater environmental concern in neighborhoods with
significant transit activity. In the context of BRT systems, this impact is de-
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fined as operational vehicle noise that results from the sound of the propul-
sion system and the vehicle tires on the running way.

< Visual impacts from transit operations are typically the result of physical
infrastructure components as well as the treatments along the corridor.

Measures of Environmental Quality

Transportation environmental impacts can be difficult to quantify because they
occur from a multitude of sources that are not easily measured. Environmental
quality is affected by many more factors and within a large area, making it dif-
ficult to separate the impacts of a BRT system. In this report, the focus is on the
following measurement mechanisms:

< For the first three indicators of environmental quality (local air pollutants,
greenhouse gases, and fuel economy), general measures of emissions rates
and fuel use of the elements used for a BRT system are proxies for specific
measures in a specific corridor. To estimate BRT vehicle emissions, this
section relies on federal transit bus engine emissions standards for CO, PM,
and the two ozone forming pollutants, NOx and HCs. This section also uses
measurements from laboratory testing of transit bus emissions and some
limited real-world operational vehicle data collection. When possible, this
section references emissions and fuel economy measurements from real-
world data collection to estimate the overall impact of BRT. However, there
has been very little data collection on BRT systems in operation. Transit
agencies typically do not conduct such analyses, which are complex and
expensive. This section also references the results of emissions modeling of
potential BRT system impacts conducted by independent researchers and
transit agencies for Environmental Impact assessments.

<~ For noise and visual impacts, the section relies upon anecdotal evidence and
assessments of impacts. Generally, noise impacts or benefits are measured
as levels of noise at specific points along a corridor. Visual impacts are as-
sessed qualitatively as a positive or negative impact, also at specific points
along a corridor.

Effects of BRT Elements on Environmental Quality

This section reviews how BRT system elements may impact each of five key en-
vironmental quality indicators for BRT. Vehicle emissions and fuel economy im-



pacts are discussed together, since strategies to improve one of these factors will
have a direct impact on the other.

Vehicle Emissions and Fuel Economy

Experience with BRT systems indicates that emissions and fuel economy im-
provements generated by BRT are the result of three related mechanisms: ve-
hicle technology, ridership and mode shift, and traffic system effects. These are
summarized in Exhibit 4-16 and described in detail below.

Vehicle Technology

BRT vehicles provide the most direct impact on environmental quality. Low
emission or alternative propulsion systems and fuels, as part of a BRT system,
have clear benefits for the environment in reduced pollutant emissions or im-
proved energy efficiency. As a result of increasingly stringent engine emissions

Exhibit 4-16: Emissions and Fuel Economy
Improvement Mechanisms

Environmental Sources of
Improvement Pollution
Mechanism

Vehicle BRT vehicle Reduce direct BRT vehicle pollution Moderate
Technology Effect  emissions by using: and

Significance

Objective £l
Reduced of Impact

« larger (and fewer) vehicles immediate
« propulsion systems, fuels, and
pollution control systems with
reduced emissions
Ridership / Mode = Auto emissions Reduce regional vehicle miles High and

Shift Effect from private, low  traveled (VMT) by attracting drivers indirect
occupancy car to BRT through:
trips replaced by ~ « travel time savings
transit « reliability
« brand identity
» safety and security
« ease of use

System Effect Local vehicle Reduce all vehicle emissions by: Moderate/
emissions » reducing conflicts between BRT high and
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regulations and innovations in alternative fuel technologies, transit agencies can
choose from many proven clean vehicle options for their BRT operations. (In the
United States, these regulations include new fuel and propulsion system stan-
dards that went into effect in 2007 and 2010.) The most common clean fuel
and propulsion system options are clean diesel, compressed natural gas (CNG),
hybrid-electric, and biodiesel.

<~ Diesel Buses—Over the past several years, transit agencies have demon-
strated the environmental benefits of “clean diesel”: buses that employ engine
controls and exhaust after-treatment devices and run on ultra low sulfur
diesel (ULSD). These treatments significantly lower levels of emissions for
particulate matter (PM), oxides of nitrogen (NOx), and sulfur dioxide. Two
recent EPA regulatory actions will make clean diesel buses the industry norm.
In October 2006, EPA regulations went into effect that require diesel to meet
ultra-low sulfur emissions levels. Moreover, between 2007 and 2010, new
engine standards will be phased in that will lower buses’ PM emissions by 80
percent and NOx emissions by 90 percent from 2004 levels. The NOx emis-
sions benefits from replacing very old buses will be even more dramatic.

Transit agencies should be aware that these new emissions controls may re-
duce the buses’ fuel efficiency. (While there are no current field data on this
impact, this section does review projected fuel economy in the “2007 and Be-
yond” subsection.) Itis also important to note that emissions control devices
require maintenance to sustain their effectiveness. Overall, transit agencies
that are currently planning BRT will demonstrate significant emissions reduc
tions simply by replacing older buses with new buses for BRT operations.

<~ Biodiesel—More transit agencies are using biodiesel fuel for their bus
fleets, primarily for the PM and hydrocarbon emissions benefits. There are
several available biodiesel formulations, but most transit agencies use a mix-
ture with 20 percent biofuel called B20. A recent biodiesel emissions study
indicated that B20 reduces PM by 20 percent and hydrocarbons emission
by 15 percent. However, the study found that NOx emissions increased by
about 3.3 percent (McCormick et al. 2006). Biodiesel also has lower fuel ef-
ficiency than conventional diesel. The U.S. Department of Energy estimates
that biodiesel fuel economy is 1-2 percent lower than that of diesel fuel
(National Renewable Energy Laboratory 2005).
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Year coO HC(NMHCQC) NOx PM
1998 15.5 13 4.0 0.05
2004 15.5 0.5 20 0.05
2007 - 2010 15.5 0.14 0.20 0.01

<~ Compressed Natural Gas (CNG)—CNG buses have been in revenue
transit service for well over a decade, and their emissions benefits are well-
established. They offer very low PM emissions, achieving the 2007 diesel
PM levels since 2002. CNG buses also offer low NOx emissions. It should
be noted, however, that the new diesel standards will reduce the differential
between CNG and diesel bus emissions. CNG buses also provide an impor-
tant energy security benefit, by diversifying the transportation sector’s fuel
sources.

< Diesel-Hybrid—Since 1999, diesel-hybrids have moved from a demonstra-
tion technology to mainstream transit operations, with over 1,500 hybrid
buses in service in the U.S. Because hybrid propulsion systems are not
directly regulated by EPA, emissions and fuel economy estimates come from
laboratory testing or operational data collection. In 2004, New York City
Transit released results from its emissions tests on 40-ft hybrid buses, CNG
buses, and diesel buses equipped with particulate traps. The tests showed
that hybrids had the lowest NOx and CO emissions, while all three tech-
nologies had extremely low PM levels.

Exhibit 4-18: New York City Transit 40-ft Bus
Emissions Comparison (gm/mi)

Cco NOx PM/10
Diesel with particulate filter 0.12 2.79 0.2
CNG 2.12 1.89 0.2
Orion VII hybrid 0.03 0.94 0.2

Source: New York City Transit SAE presentation, October 2004
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Exhibit 4-17: U.S. EPA Emission Standards for
Diesel Bus Engines (grams/bhp-hr)

Emissions and fuel economy testing on 60-ft articulated hybrid buses was con-
ducted at King County Transit in Washington. The buses were tested on several
duty cycles, including one that most closely reflects national average bus speeds
(called the “OCTA” cycle). The results from this duty cycle showed that hybrids
had lower PM, NOx, CO and CO2 emissions than a comparable diesel bus:

Exhibit 4-19: King County Transit 60-Ft Bus
Emissions Comparison, on OCTA cycle

Emissions in grams per mile €0) NOx PM/10 CO2
Diesel 2.29 18.91 0.05 4579
Hybrid 1.55 13.50 0.24 3001

Source: NREL, December 2006

Transit agencies should be aware that while hybrid buses have been proven in
transit operations, no data yet exist on the full 12-year life cycle performance
and costs. In addition, some hybrid buses will require additional maintenance,
depending on the battery technology used.

2007 and Beyond

It would be beneficial for agencies planning BRT to understand the expected
in-use emissions and fuel economy benefits of their BRT fleet. However, there
are no field data available on buses built to meet the new 2007 - 2010 regula-
tions. In a July 2007 Federal Transit Administration study, researchers at West
Virginia University estimated the potential emissions and fuel economy benefits

Exhibit 4-20: Emissions and Fuel Economy Estimates for
40-ft Buses, Year 2007 and Beyond (using OCTA cycle) (gm/mi)

GHG Fuel Economy
(CO2 & methane) (mpg)
Diesel 4.31 .021 2328 4.14
Diesel hybrid 4.41 .006 1972 4.90
B20 biodiesel 4.45 .017 2373 4.08
CNG 414 .010 2303 3.52

Source: FTA, “Transit Bus Life Cycle Cost and Year 2007 Emissions Estimation,” July 2007



of 40-ft buses that will be delivered in 2007 and beyond using current data ad-
justed to reflect the new engine standards. These estimates are also based on
performance on the OCTA cycle. The results, shown below, reveal that all bus
technologies are achieving very low emissions levels compared to older diesel
buses while hybrids show the greatest fuel economy improvements and green-
house gas reductions.

Ridership/mode shift: BRT can provide environmental benefits (reduce local
pollutants, greenhouse gases, and fuel use) by diverting low-occupancy private
car travel to high-capacity public transit vehicle travel. Shifting trips from pri-
vate cars to BRT lowers regional vehicle miles traveled (VMT) and reduces total
fuel consumption.

A 2002 International Energy Agency (IEA) study compared the relative impacts
of mode shift and clean propulsion technologies in reducing emissions. The
study assumed a bus load factor of 60, with 8 percent of the passengers having
switched from private cars. At these high load levels, the IEA found that mode
shift from private cars to public transit has a much greater environmental im-
pact than use of clean vehicle technologies. The overall emissions reductions
changed very little with the change in vehicle propulsion, even when the use of
fuel cell buses was assumed.

More recently, the American Public Transportation Association (APTA) pub-
lished a study on the contribution that public transportation makes to reducing
U.S. greenhouse gas emissions. The study estimated that, in 2005, public trans-
portation reduced U.S. CO2 emissions by 6.9 million metric tons. The study
determined that, if all current public transportation riders were to use private
vehicles instead of transit, they would generate 16.2 million metric tons of CO2.
However, APTA calculated that actual operation of public transit vehicles re-
sulted in only 12.3 million metric tons of CO2. The study also found that roughly
350 million gallons of gas were saved by reduced congestion due to public tran-
sit. However, it should be noted that this study is including all public transit
CO2 emissions, and not only bus-related emissions. Therefore, it is difficult to
extrapolate directly to the potential impacts of bus rapid transit.

Indeed, measuring the emissions and fuel use reductions from mode shift is
complicated and costly. To quantify actual results, agencies must establish an
extensive air quality monitoring system that calculates both baseline emissions
levels and emissions after the transit system deployment. In lieu of field data col-
lection, transit agencies use robust emissions models to predict the environmen-
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tal impacts of VMT changes for proposed transit projects. These estimates are
included in the Environmental Impact assessments required for all new transit
construction projects.

Traffic System Improvements: In some cities, BRT has been shown to re-
duce congestion and improve overall traffic speeds, which can improve vehicle
fuel economy and lower vehicle emissions. BRT may reduce regional transporta-
tion emissions by improving overall traffic flow and reducing conflicts between
BRT vehicles and other traffic. However, quantifying this benefit is challenging.
Measuring emissions changes due to improved traffic flow is difficult, as is creat-
ing a model to predict such impacts. However, there have been some efforts to
quantify this impact:

<~ Some models have estimated the reduction of overall regional vehicular
emissions from reduced congestion to be on the order of several percent
(Darido 2000).

<~ Areport on BRT in London found segregated running ways have been
shown to decrease bus emissions by as much as 60 percent through more
efficient speeds and fewer stops (Bayliss 1989).

< Preliminary studies of the CO2 reductions from Mexico City’s BRT sys-
tem found that as much as 46 percent of the reductions are the result of
improved operating conditions for other vehicles (Instituto Nacional de
Ecologia 2006).

Noise

As with all transit projects, agencies must consider the noise impacts of a BRT
corridor on the local community. For BRT, the primary potential impact is noise
and vibration from BRT vehicles. The level of vehicle noise is a function of the
following system elements:

< propulsion system and configuration
< vehicle size
< frequency of service

< running way paving material

Certain propulsion systems are known to produce higher noise levels. This issue
may be exacerbated by the larger engines needed to power articulated buses of-
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ten used in high capacity BRT systems. Diesel buses will produce the most noise
pollution. A hybrid-diesel bus is quieter because it uses a smaller diesel engine
and relies on a quiet electric motor for some of its power. CNG buses are also
typically quieter than diesel buses, depending on the level of maintenance of the
propulsion systems; however, some articulated CNG buses have demonstrated
increased vibration.

BRT service designs typically feature shorter headways than conventional bus
service. This may create noise issues due to very frequent bus travel along the
transit corridor. The noise impacts result from both the engine noise and the
sound of the tires on the running way. To mitigate this problem, transit agencies
may need to consider using lower-noise bus technologies, noise-reducing run-
ning way materials, or soundwalls. There also has been some interest in new run-
ning way materials designed to mitigate tire noise, such as “rubberized asphalt.”
However, these are still relatively new technologies, and it is not yet proven that
they provide a significant noise mitigation impact. In addition, transit agencies
will need to develop specifications to ensure the long-term durability of such
specialized asphalt or pavement.

Visual Impacts

BRT’s major physical infrastructure elements—the running way, vehicles, and
stations—may have visual impacts which should be understood by system
planners. In addition, because BRT infrastructure costs are typically relative-
ly low, some transit agencies have been able to invest in major landscaping or
streetscape improvements along the BRT corridor, providing both an aesthetic
benefit and enhanced livability for the neighboring community.

Some ways that BRT systems affect the visual environment include:

<~ Vehicle impacts—BRT vehicles do not require overhead wires, eliminating
one potential element of “visual pollution.”

<~ Station impacts—Stations relate to surrounding communities and create
new structures that should be in harmony with the surrounding landscape.

<~ Running way impacts—BRT systems can include major landscaping and
other aesthetic improvements along the BRT corridor. It is also possible
to incorporate landscaping effects within the BRT running way itself to
enhance its visual appeal.
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<- Some transit agencies incorporate bike and walking paths along BRT run-
ning ways, enhancing overall livability.

<~ The need for soundwalls to protect adjacent neighborhoods from BRT
vehicle noise can detract from the look of the running way.

Other Factors Affecting Environmental Quality

There are additional environmental impacts from transit systems that are not
evaluated in this report that may have an impact on public health and air qual-
ity. These include:

<~ Unregulated Air Toxics: In recent years, public officials have become
aware of significant health problems caused by previously unregulated air
toxics. As a result, EPA has been developing a regulatory framework for
these emissions; however, there has not yet been a rule promulgated for
transit bus engines.

<~ Sulfur Dioxide: While diesel-burning buses emit sulfur dioxide, which
causes acid rain, most emissions are from stationary sources such as power
plants. In addition, diesel buses’ sulfur emissions will be significantly re-
duced due to EPA’'s ULSD standard, which went into effect nationwide in
2006. By 2010, all highway diesel fuel must be ULSD.

<~ Solid and Liquid Wastes: All transit operations will generate some solid
and liquid waste products. While transit agencies should seek to limit these
products by using sustainable practices, this issue is not unique to BRT and
is not covered in this document.

In addition, there are many factors that affect the level of environmental benefit
provided by a transit system that are beyond the control of the agency. Some of
these factors are:

< emissions standards of private cars and other private transport
<~ emissions standards of freight, air and water transport
< levels of commercial vehicle traffic

< policies that may encourage public transportation over private vehicle use,
such as parking restrictions, HOT lanes, funding apportionments for road
building vs. public transportation infrastructure, etc.



< corridor restrictions that limit the ability to implement landscaping and
other aesthetic improvements

Finally, it is important to acknowledge that there are many other activities in a
region that affect environmental quality. The location and types of industries and
commercial activities, the organization of land development patterns, and local
climatic conditions all affect environmental quality. All of these factors cannot be
controlled by an individual transit agency or even a municipal jurisdiction.

Summary of Impacts on Environmental Quality
This section summarizes the state of research on BRT systems’ impact on each of
the environmental quality factors.

Criteria Pollutants

Transit agencies in the United States typically do not conduct a system-wide
emissions impact analysis once a transit service is in operation. Consequently,
there are no studies quantifying the effect on local or regional criteria pollut-
ant levels of BRT systems in the United States. Transit agencies are required to
estimate the potential emissions impact of new transit service in Environmental
Impact Assessments and, until recently, the New Starts funding process. A re-
view of recent and planned BRT projects’ environmental analyses showed that
BRT does provide a long-term emissions benefit, although the total reduction
is small. On average, the BRT projects reduced vehicle emissions of CO, NOx,
VOCs, and PM by less than one percent over No Build or Transportation System
Management (TSM) alternatives. These levels are comparable to the emissions
projections of other rapid transit projects.

One of the few BRT systems to analyze emissions impacts using actual service
data, Mexico City’s Metrobus, provides valuable documentation of a BRT’s posi-
tive impact on local criteria pollutants and greenhouse gases, as well as insight
into the factors contributing to these reductions. Details are discussed in the
section on System Performance Profiles.

Greenhouse Gas Emissions

Limited research exists that analyzes the potential impact of bus rapid transit
on greenhouse gas emissions. However, some recent research suggests that BRT
can have a positive effect:

BRT System Benefits

< A 2005 Journal of Public Transportation article found that BRT using low
emission vehicles such as compressed natural gas or hybrid-diesel would re-
duce overall vehicle-related greenhouse gas emissions (Vincent and Jerram
2005). The study attributed the reductions to use of low emission vehicle
technology, passenger loads comparable to light rail, and mode shift from
private car travel to the BRT.

< A 2005 FTA report also predicted significant reductions in vehicular CO2
emissions by replacing private vehicle travel with BRT. The FTA study
adapted a model developed by the American Public Transportation Asso-
ciation designed to quantify the impact of public transit on vehicle emis-
sions and energy use. The FTA version of the model calculates the emissions
that would result if BRT passenger miles replaced private vehicle travel. The
model predicted that a 40-mile BRT corridor, based on the Los Angeles
Metro Rapid design, provides a 70 to 74 percent reduction in annual CO2
emissions, depending on the BRT vehicle fuel.

< A 2005 study by Wright and Fulton examined the effect of mode-shifting
scenarios on CO2 emissions for developing countries. The study predicts
that the largest and most cost effective emissions reductions would come
from implementing BRT systems with pedestrian and cycling improvements
to reduce the level of private car travel. This was more effective than imple-
menting clean bus technologies or implementing BRT without additional
improvements.

As with criteria pollutants, there is little documentation of the impact BRT sys-
tems have had on GHG emissions. The best analysis has been completed by
Bogota to qualify the Transmilenio BRT for carbon trading credits. This effort is
described in the section on System Performance Profiles.

Noise and Visual Impacts

There are no systematic evaluations of noise from BRT systems, so the primary
evidence for any noise impacts is anecdotal. The same is true for visual impacts,
which cannot be measured in any systematic manner. See the section on Sys-
tem Performance Profiles for anecdotal experiences of BRT’s noise and visual
impacts.
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Mexico City

Mexico City has more than 20 million inhabitants, who make over 30 million
vehicular trips each day. Between 70 and 80 percent of all daily person trips are
by public transport, including 4.5 million trips on the subway. There are roughly
28,000 bus concessions in the city, about 70 percent of which are microbuses.

In 2005, the city opened the BRT service Metrobus on Avenida de los Insurgen-
tes, an 18-mile avenue in the heart of Mexico City. Metrobus serves 12 miles of
Insurgentes with 97 new articulated diesel BRT vehicles.

A March 2006 study (Instituto Nacional de Ecologia 2006) analyzed the green-
house gas time savings impact of Metrobus since it began operating in June 2005.
Using data on vehicle activity and speeds collected during Metrobus service, the
study calculated BRT vehicle emissions and estimated the emissions that would
have occurred from the trips replaced by the BRT. The authors then developed
an emissions impact projection for 2005 to 2010, with the BRT reducing all pol-
lutants, as shown below:

Exhibit 4-21: Emissions Impact of Metrobus Vehicles
vs. Trips Replaced

Average annual reduction,
2005 - 2010

144 metric tons

Pollutant Reduction in 2006

Total hydrocarbons 194 metric tons

NOx 824 metric tons 690 metric tons

PM 4.4 metric tons 2.8 metric tons

25

The study estimated that the health benefits of reduced criteria pollutant emis-
sions were worth approximately $3 million per year from 2006 to 2010.

Mexico City is also working on a methodology to qualify for credits under the
Kyoto Protocol’s Clean Development Mechanism (CDM). The methodology is in
development, but Metrobus operational data collected for the CDM model was
used in the March 2006 study to estimate CO2 emissions impacts. The study
authors estimate that, from 2005 to 2015, the Metrobus corridor will eliminate
280,000 tons of CO2-equivalent emissions.
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Bogota

Bogota has roughly seven million inhabitants, and more than half of its daily trips
are on public transportation. Transmilenio is a 25.6-mile BRT system (with feed-
er buses) that uses 160-passenger, biarticulated diesel buses to carry 1.3 million
passengers per average weekday. Prior to Transmilenio, public transportation in
Bogota was provided almost exclusively by private buses.

Transmilenio is the first transit system to be certified for greenhouse gas emission
credits under the Kyoto Protocol’s CDM. The CDM helps developing countries
finance sustainable development by allowing them to sell credits for reductions
in GHG on a carbon trading market. Transmilenio’s GHG benefits were calcu-
lated after an extensive data collection effort and construction of a methodol-
ogy that can be used by other developing countries to quantify the GHG impact
of BRT. According to the CDM methodology, the Transmilenio reduces nearly
250,000 tons of CO2 equivalent gases per year.

The 2007 BRT Planning Guide published by the Institute for Transportation and
Development Policy (ITDP) examined the impact of TransMilenio emissions
within the Bogota region. They found that one of the important mechanisms
for achieving these results was the mode shift from private cars to public tran-
sit that resulted from the dramatic improvements in transit service quality pro-
vided by the BRT (i.e, travel time, comfort, security, cleanliness) (Institute for
Transportation and Development Policy 2007).

Lane Transit District EmX Green Line

The Lane Transit District (LTD) conceived its BRT service, the EmX, as a “green”
system. The EmX Green Line serves Eugene and Springfield, Oregon. The
“green” design elements are an important part of the system branding, meant
to complement the area’s natural environment. Some of the environmental ele-
ments are:

< a hybrid-electric bus fleet

< a grass median strip along portions of the busway, which enhances the
visual appeal of the paved busway and absorbs oil discharge from the bus

< extensive landscaping with native plants along the corridor and at stations

< a new Springfield bus terminal built to meet national “green building” stan-
dards



Los Angeles Orange Line

The Los Angeles Orange Line BRT offers several examples of potential noise and
visual impacts from BRT. After the launch of the Orange Line in 2005, Metro re-
ceived complaints from neighbors along the busway about noise from the 60-ft
CNG buses, which ran at 7- to 12-minute peak headways. Metro responded by
redirecting the CNG vehicles’ exhaust pipes to vent away from the residences
alongside the running way. The agency also installed soundwalls along portions
of the busway.

Los Angeles is the only U.S. BRT system to experiment with a new noise reduction
strategy: paving portions of the Orange Line busway with rubberized asphalt de-
signed to minimize tire noise. However, the rubberized asphalt significantly de-
teriorated after only one year of operation and was replaced with conventional
pavement. As of the writing of this report, the LA transit agency was working to
definitively determine the cause of this problem (Callaghan and Vincent 2007).

The Orange Line is also a good example of using landscaping along the BRT corri-
dor to provide environmental improvements. The Orange Line corridor features
77 acres of landscaping with over 800,000 plantings and an irrigation system.
Metro selected native plants that could tolerate drought conditions to minimize
water use (Woodbury 2007).

BRT Elements by System and Environmental Quality
The following section provides available data from worldwide BRT systems on
the use of clean vehicles and the ability to impact mode share.

Mode Shift

The results for BRT systems are mixed, but data from operating BRTs demon-
strates that BRT can induce mode shift from private cars to transit:

BRT System Benefits

Exhibit 4-22: Percentage of BRT Riders
Shifted from Private Motor Vehicles

Percent of Ridership From Private
Motor Vehicles

BRT Corridor

Albuquerque Rapid Ride 33%
Boston Silver Line Washington Street 2%
Boston Silver Line Airport 19.6%
Boston Silver Line BMIP 49.5%
Las Vegas MAX 10%
Los Angeles Orange Line 33%
Oakland San Pablo Rapid 19%
Halifax MetroLink (all line) 23-28%

This ability of BRT to shift trips from private automobiles to transit is analyzed at
greater length in Section 4.1.4 on BRT’s ridership impacts.

Clean Vehicle Use

In the United States, the transit industry is moving toward greater use of al-
ternative propulsion systems and fuels to reduce emissions and improve fuel
economy. A high percentage of BRT systems have been deploying alternative
propulsion buses, with over half of those opened since 2004 using either CNG
or hybrid vehicles. In August 2008, WestStart-Calstart published a Vehicle De-
mand Analysis. This report surveyed U.S. transit agencies that are planning or
building BRT services. The report’s preliminary findings indicate that U.S. tran-
sit agencies are increasingly interested in using alternative fuel vehicles such as
hybrid-electric, CNG, and biodiesel for their BRT systems. The study found that,
of 63 communities planning some form of BRT service between 2007 and 2017,
a majority were planning to implement an alternative fuel technology. Hybrids
were the most popular alternative fuel option, with 40 percent of the communi-
ties planning or using hybrid buses; 31 percent were committed to CNG, and 12
percent were using biodiesel. This tendency is even more pronounced among
communities planning full-featured BRT. WestStart surveyed 20 communities
planning or building a full-featured BRT system and found that 12 were com-
mitted to deploying hybrid technology, four were committed to CNG, and one
planned on using biodiesel (Weststart-CALSTART 2008).
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The use of alternative fuels is much less common outside the U.S. Of the sys-
tems that provided data for this report, there were only four that used vehicles
powered by alternative fuels: Halifax, which uses biodiesel for its Metrolink BRT;
Eindhoven, which used an LPG-electric hybrid; Caen, which uses dual-mode ve-
hicles; and Brisbane, which uses both diesel and CNG buses.

Exhibit 4-23: Summary of U.S. BRT System
Vehicle Propulsion Technologies

Propulsion System

BRT System
Albuquerque Rapid Ride

Boston Silver Line Washington Street

Boston Silver Line Waterfront

Chicago Neighborhood Express
Cleveland Health Line (opens 2008)

Eugene EmX Green Line
Foothill Transit Silver Streak
Kansas City MAX

Las Vegas MAX

Los Angeles Metro Rapid

Los Angeles Orange Line

Miami Busway

Oakland San Pablo Rapid Bus
Orlando LYMMO
Phoenix RAPID

Pittsburgh Busways
Santa Clara VTA Rapid 522

Sacramento Ebus
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Vehicle Configuration

Articulated

Stylized articulated

Stylized articulated

Conventional standard
Stylized articulated
Stylized Articulated
Stylized Articulated

Stylized 40’
Stylized articulated

Stylized standard and
articulated

Stylized articulated

Conventional standard
and articulated

Stylized 40’
Standard
Specialized standard

Conventional Standard
and articulated

Stylized standard and
articulated

Standard 40’

and Fuel

Hybrid diesel electric,
ULSD

CNG

Dual-mode diesel and
electric, ULSD

Diesel, ULSD
Hybrid diesel electric
Hybrid Diesel Electric
Hybrid Diesel Electric

Clean diesel
Hybrid diesel electric

CNG

CNG
Diesel, CNG, hybrid

Diesel
Diesel, ULSD
LNG

Diesel
Diesel, ULSD

CNG



CONCLUSIONS AND SUMMARY

with BRT. Chapter 2 presented a summary of the primary physi-

cal, operational, and cost characteristics of BRT, organized by the
six major elements of BRT: Running Ways, Stations, Vehicles, Fare Col-
lection, ITS, and the Service and Operations Plan. Chapter 3 highlighted
the attributes of performance affected by the BRT system elements:
Travel Time, Reliability, Image and Identity, Passenger Safety and Secu-
rity, System Capacity, and Accessibility. Chapter 4 discussed the major
benefits that BRT systems affect: High Ridership, Capital Cost Effective-
ness, Operating Cost Efficiency, Transit Supportive Land Development,
and Environmental Quality. Each of these chapters included illustrations
of specific BRT experience and summaries of BRT systems in the United
States and around the world. This presentation of the BRT experience
along three dimensions is intended to allow the reader to glean insights
about BRT from any perspective.

The preceding chapters of this report encapsulate the experience

This chapter concludes the report in two major ways. First, it provides
an overview of BRT experience as presented in the core of the report.
Second, it describes the role of the report as a living and dynamic docu-
ment, intended to reflect the evolving knowledge base related to BRT.

SUMMARY OF BRT EXPERIENCE )

Summary of BRT Elements

Experience in the United States suggests that implementation of more
complex BRT system elements is just beginning. Implementation of
running ways, stations, and vehicles suggests a wide variety of applica-
tions. Some of the more quickly implemented projects demonstrated
the least amount of investment in BRT system elements.

CHARACTERISTICS OF Bus RAPID TRANSIT FOR DECISION-MAKING 5-1




Conclusions and Summary

Running Ways

BRT systems in North America incorporate all types of running ways—mixed
flow arterial operation (Los Angeles, York), mixed flow freeway operation (Phoe-
nix), dedicated arterial lanes (Boston, Orlando), at-grade transitways (Cleveland,
Eugene, Los Angeles, Miami), fully grade-separated surface transitways (Pitts-
burgh, Ottawa), and transitways with some underground operation (Boston).
Overall, use of on-street running ways, either mixed-flow or dedicated, continues
to dominate BRT in the United States. However, there have been more dedicated
guideway BRT projects since 2004—both median on-street busways built in Eu-
gene and Cleveland and the dedicated busway built in Los Angeles. In Europe,
Australia, Latin America, and China, most BRT systems do not operate in mixed-
flow lanes, and completely grade-separated busways are common. Use of run-
ning way guidance is most common in Europe; few BRT systems elsewhere utilize
either optical or mechanical guidance systems. The only recent BRT system in
the U.S. to implement mechanical guidance is Cleveland. In the United States,
the use of unique running way markings to differentiate BRT running ways has
become more common, with signage and striping the most common markings
employed. Some systems, such as the Eugene EmX, use different-colored pave-
ment, both to differentiate the busway from mixed-flow lanes and to articulate
a distinct brand identity.

Stations

There has been a broad range of sophistication and design attention in BRT sta-
tions. Almost universally, BRT station designs are significantly different than those
of standard local bus stops; the level of investment in the stations has generally
been related to the level of investment in running way infrastructure. Exclusive
transitways are most often paired with the most extensive and elaborate sta-
tion infrastructure. With more BRT systems in the United States implementing
dedicated busways (although these are still in the minority), there is also greater
investment in stations. The station design also suggests that they are considered
an important part of the system branding identity and, in some cases, are being
designed to integrate effectively into the surrounding streetscape. Most of these
are still simply enhanced stations, not station buildings, although the MBTA
built two underground stations for the Silver Line Waterfront BRT in Boston. It is
mainly outside the U.S. where cities build substantial enclosed station structures
similar to those found in rail lines. Cities such as Brisbane, Bogota, Guayaquil, and
Pereira have made significant investments in BRT station infrastructure.
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Level boarding is common in Latin American and European systems. Curitiba,
Brazil and Bogotd, Colombia have the most noteworthy and early level boarding
systems. Many European cites use some type of lateral guidance treatment, as
noted below in the ITS Summary. In the United States, Canada, and Australia,
few BRT systems have true level boarding (the Cleveland HealthLine and Las Ve-
gas MAX are among the few), although some do have raised platforms (Los An-
geles Orange Line) or near-level boarding (Eugene EmX). As would be expected,
passing capability and multiple vehicle berths at station platforms are directly
correlated with degree of running way separation. Systems with off-street guide-
ways, such as Miami, Los Angeles, Ottawa, Pittsburgh, and several Australian
BRT systems, provide additional lanes for passing and longer platforms for mul-
tiple vehicle berthing. On-street running ways typically do not allow several ve-
hicles to stop at one time and use bus pullouts rather than passing lanes due to
right-of-way constraints.

The mix of station amenities varies across systems. The most common station
amenities focus on passenger comfort with seating, lighting, and trash recep-
tacles. Many systems are incorporating real-time schedule and/or vehicle arrival
information, as is noted in the ITS Summary below. Other communications in-
frastructure such as public telephones and emergency telephones are starting to
be installed in systems.

Most BRT systems around the world have intermodal transfer facilities where
there are specially-designed interfaces with other bus services and rail rapid tran-
sit systems. In the United States, stations with park-and-ride facilities are gener-
ally part of systems with exclusive transitways (e.g., Miami-Dade South Busway,
Pittsburgh busways, Los Angeles Orange Line) or where the BRT connects to a
rail station (San Jose Rapid). Park-and-ride stations are less common outside the
U.S. but still are found in some BRT systems, especially in Australia.

Vehicles

Distinct vehicles are a very common element in United States BRT systems, while
their use in the rest of the world varies. In the United States, almost all BRT
systems use vehicles with a distinct livery, at a minimum, and many use vehicles
with specialized exterior styling and interior amenities such as more comfortable
seating, higher quality materials and finishes, and better lighting. It is also very
common for United States BRT vehicles to use alternative propulsion systems,
primarily CNG or diesel-hybrid.



A mix of standard and articulated vehicles reflects the different levels of demand
and capacity requirements across all BRT systems. In the United States, a majori-
ty of BRT systems have at least some articulated vehicles in the fleet, with several
served exclusively by articulated buses. However, use of articulated vehicles is
much more common in systems that require very high capacities, such as those
in Latin America, several in Europe, and China. An exception is the Brisbane bus-
way system, which reaches very high capacities while using standard buses.

Distinct vehicle styling is a strong component in the Latin American and Euro-
pean systems but is not utilized in the Australian systems. Alternative propulsion
systems are significantly less common outside the United States, with most us-
ing diesel powertrains.

Fare Collection

Most United States BRT systems continue to use on-board fare payment sys-
tems. However, a few systems have implemented alternate fare collection pro-
cesses in an effort to reduce dwell times. Because U.S. systems typically do not
feature enclosed stations, the most commonly-used off-board method is either
a proof-of-payment system or use of transit passes. By contrast, Latin American
BRT systems have enclosed stations that allow them to use barrier-enforced off-
board payment. The European and Canadian systems typically use on-board or
proof-of-payment methods, while the Australian BRT systems all utilize pay-on-
board fare collection.

Electronic fare collection using magnetic-stripe cards or smart cards is slowly
being incorporated into BRT systems, but implementation is largely driven by
agency-wide implementation rather than BRT-specific implementation. Smart
cards are gaining wider application than magnetic-stripe cards among BRT sys-
tems.

ITS

The most commonly-deployed ITS applications are Operations Management
Systems, especially Automatic Vehicle Location, and Transit Signal Priority,
which is especially common for cities seeking to improve travel times without
building dedicated guideways. Real-time traveler information at stations and on
vehicles is becoming increasingly common. Installation of security systems such
as emergency telephones at stations and closed-circuit video monitoring is be-
coming much more common in the United States, but less so in other worldwide
BRT systems. Use of Intelligent Vehicle Systems such as precision docking, lateral
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guidance, or collision avoidance is rare, although, as already noted, some Euro-
pean BRT systems frequently employ some method of precision docking.

Service and Operating Plans

In general, the structure of routes and type of service correlates with the degree
of running way exclusivity. Since most U.S. BRT systems operate on-street, there
is less opportunity for them to incorporate a variety of service routes; most use
single, all-stop routes. The two notable exceptions are Miami-Dade’s at-grade
South Busway and Pittsburgh'’s grade-separated transitways, which operate with
integrated networks that include routes that serve all stops and a variety of feed-
ers and express routes with integrated off-line and line-haul operation. This is
the type of BRT network plan used for the Latin American BRT systems, the Ot-
tawa Transitway, and the Brisbane busways. These systems have integrated their
citywide bus service to feed into the busways and accommodate multiple routes
offering all-stop, limited-stop, and express service.

Service hours and frequencies correlate with demand and degree of running way
segregation in the respective corridors; however, most BRT systems offer all-day
service and peak-hour frequencies of 12 minutes or less. Typically, BRT systems
on arterials operate with headways between 5 and 15 minutes. Services operat-
ing on exclusive running ways have much higher frequencies, with at-grade run-
ning ways typically showing 4- to 10-minute headways, while grade-separated
running way frequencies typically have headways less than 5 minutes.

Station spacing generally falls between one-half to one mile. A few BRT systems
do show closer station spacing, down to as little as one-quarter mile, which is
comparable to local bus service. Most, however, achieve one-half-mile spacing
at a minimum, with a few of the express services showing even longer station
spacing.

Branding Elements

Experience shows that it is more common than not for BRT systems to be mar-
keted with some differentiation, most often as a separate tier of service—either
as a service differentiated from local lines or as an entire package of BRT ele-
ments, such as the transitways in Miami, Ottawa, and Brisbane. Some locations,
such as Boston and Los Angeles, do market BRT lines (the Silver Line and Orange
Line, respectively) as part of the regional rapid transit system, equating the BRT
lines with rail lines.
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Use of branding devices is also very common. When BRT elements are imple-
mented systemwide, some differentiation with a brand name is most often em-
ployed. Especially in newer systems, logos and designated colors are often ap-
plied. Use of designated colors is often used where the goal is to differentiate
from local service and the service plan is of a single line nature, rather than an
integrated network (with trunk and branches). This is true in mixed-flow BRT
systems, such as the Metro Rapid in Los Angeles and the Rapid systems in Oak-
land and Phoenix. This is also true with newer systems such as the EmXin Eugene
and the HealthLine in Cleveland.

Summary of BRT Performance

Travel Time

Overall, BRT systems are reporting improvements in travel time over previous
corridor travel times or existing local bus service. Improvements range from 5 to
70 percent, with the median percentage improvement at 25 percent, due mainly
to the large number of on-street running way BRTs in the U.S. The strongest in-
dicator of improved travel time is the level of running way segregation, and most
systems with less than 25 percent improvement operate on-street in mixed traf-
fic lanes. The systems with the highest reported travel time savings of 40 percent
or higher were those with grade-separated busways. One notable exception is
busways with at-grade intersections, which can require slower bus speeds due
to safety concerns. Few BRT systems provided any data on performance relat-
ing to other travel time indicators such as dwell time or wait and transfer time.
Dwell time, in particular, would be a valuable measurement since BRT systems
are increasingly investing in fare collection, level boarding, and multiple-door
vehicles—features intended to reduce dwell time.

Reliability

The key reliability performance indicator for BRT systems is Ratio of Maximum
Time to Unconstrained Time, determined by dividing the peak-hour end-to-end
travel time by the non-peak end-to-end travel time. A ratio higher than 1:00 in-
dicates that peak travel times are longer than non-peak, and the higher the ratio,
the more variable the travel time.

Not surprisingly, the ratio is typically lower for BRT systems that operate along
dedicated or exclusive lanes than for those systems that operate within a mixed-
flow environment. Of the systems that provided data for this report, almost all
that operate on a segregated running way have a ratio of 1.0 to 1.2. For systems
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that operate along mixed-flow lanes, this ratio was typically higher, particularly
in regions suffering from heavy local traffic conditions. Unlike with travel times,
segregated running ways with at-grade intersection crossings do not appear to
suffer a performance penalty for reliability.

Image and Identity

Only a few BRT systems report having conducted in-depth passenger surveys to
measure performance in achieving a distinct brand identity. However, results of
several customer satisfaction surveys have been good. For example, passengers
on the Los Angeles Orange Line rated the MetroLiner vehicles highly; 79 percent
of riders on Oakland’s San Pablo Rapid rated the vehicle look as good or very
good, while 90 percent rated ease of identifying service as good or very good.
Other customer service surveys in Los Angeles, Kansas City, and Las Vegas have
reported very high customer satisfaction ratings.

In the United States, there is a very strong interest in the branding element of BRT,
with vehicles the most commonly-used feature to convey a distinct, high-quality
image. Vehicles are also a strong branding element in Europe and Latin America.
Other systems, such as Brisbane and Ottawa, rely on the fully grade-separated
running way to convey the BRT brand and utilize conventional vehicles.

Safety and Security

Very few systems have reported any safety data, on either vehicle or passen-
ger safety, so it is not possible to draw any statistically-significant relationships
between elements and performance. A few have reported both positive and
negative results. Pittsburgh reported fewer bus accidents on the East Busway
corridor once the Busway was opened, not surprising since the East Busway is
fully grade-separated. Many systems with off-street busways operate with at-
grade intersection crossings, a feature that has been identified with increased
accidents between buses and other vehicle traffic or pedestrians. For example,
the Los Angeles Orange Line had several incidents shortly after the at-grade bus-
way opened. However, recent performance data provided by Metro show that
the Orange Line has a much lower accident rate per mile than the Metro Rapid
service, which operates in mixed traffic. This suggests that greater opportunities
for accidents occur with buses operating in mixed traffic than in at-grade bus-
ways. With limited data reported on safety, however, it is not possible to draw
any definitive conclusions.



Capacity

The primary capacity performance measure provided for this report is Maxi-
mum Critical Link Throughput data. The data on this measurement support
the theory that vehicle capacity, station capacity, and running way capacity are
the primary elements impacting total person capacity for a BRT system. The
other element that strongly correlates with maximum throughput is frequency
of service. Maximum capacity appears to result from a combination of these ele-
ments, rather than any one element being the dominant determinant. In general,
as systems add more intensive elements and more investment, this is reflected
in increased capacity.

The BRT systems with the lowest capacity levels are typically those with on-
street operations (the most common running way type in the U.S.), less substan-
tial stations, and standard size vehicles. These systems typically have maximum
capacities from 200 to 400 passengers per direction per hour since they reflect
the low number of peak hours buses operated. Systems that can accommodate
600 to 850 passengers per direction per hour typically feature more intensive
elements. The systems that reported passenger capacities between 1,000 and
1,264 passengers per direction per hour operate primarily in exclusive busways,
most located off-street and typically with higher capacity stations; some, but not
all, use articulated vehicles. The five systems that reported passenger capacities
between 2,400 and 5,000 passengers per direction per hour operate on off-street
busways with articulated vehicles. The systems in the world with the highest
reported capacity are Kunming’s BRT network, Brisbane’s South East Busway,
and Bogotd’s Transmilenio, with capacities of 15,000 to 45,000 passengers per
direction per hour. These are all BRT networks or services that accommodate
multiple lines and operate off-street with very substantial stations and extremely
high frequencies.

Accessibility

Data on accessibility performance for BRT systems are not as readily available.
BRT systems are implementing features intended to improve accessibility for all
passengers, such as low-floor buses, near-level or level-boarding, and vehicle stop
announcements.

Conclusions and Summary

Summary of BRT System Benefit Experience
Ridership

There have been increases in transit ridership in virtually all corridors where BRT
has been implemented. Increases in BRT ridership have come from both indi-
viduals that used to use transit and totally new transit users that have access to
automobiles.

Data on BRT systems around the world reveal a wide range of ridership increases,
from as little as 5 percent to well over 100 percent. Typically, increases are at
least around 35 percent, and many are significantly higher. However, it is difficult
to compare the reported results from various systems, since some systems are
reporting ridership numbers after years of operation, others only months. The
data confirm the connection between ridership totals and the type of running
way, vehicle, and station elements deployed and service frequency. The ridership
figures also confirm that all types of BRT systems can attract ridership and that
BRT can accommodate extremely high transit demand. The data also reveal that
some BRT systems can divert trips from private car to transit.

Aggregate analyses of ridership survey results continue to suggest two conclu-
sions:

<~ The ridership impact of BRT implementation has been comparable to that
experienced with LRT investment of similar scope and complexity.

<~ The ridership increases due to BRT implementation tend to exceed those
that would be expected as the result of simple level of service improve-
ments. The implication here is that the identity and passenger information
advantages of BRT are seen positively by potential BRT customers when
they make their travel decisions.

Capital Cost Effectiveness

BRT demonstrates relatively low capital costs per mile of investment. It is worth
noting, however, that several recently-implemented BRT systems have focused
more capital-intensive investments. Depending on the operating environment,
BRT systems are able to achieve service quality improvements (such as travel
time savings of 15 to 25 percent and increases in reliability) and ridership gains
that compare favorably to the capital costs and the short amount of time to
implement BRT systems. Furthermore, BRT systems are able to operate with
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lower ratios of vehicles compared to total passengers because of their greater
passenger capacity.

Operating Cost Efficiency

BRT systems are able to introduce higher operating efficiency and service pro-
ductivity into transit systems that incorporate them. Experience shows that
when BRT is introduced into corridors and passengers are allowed to choose BRT
service, corridor performance indicators (such as passengers per revenue hour,
subsidy per passenger mile, and subsidy per passenger) improve. Furthermore,
travel time savings and higher reliability enable transit agencies to operate more
vehicle miles of service from each vehicle hour operated.

Transit-Supportive Land Development

In places where there has been significant investment in transit infrastructure
and related streetscape improvements, there have been significant positive de-
velopment effects. Examples of these include Cleveland, Boston, Brisbane, Pitts-
burgh, and Ottawa. In some cases, the development has been located adjacent
to the transit facility, while in other places the development has been integrated
with the transit stations. Although there are very good early indications of BRT
systems that can attract TOD, experience is not yet widespread enough to draw
definitive conclusions on the factors that would result in even greater develop-
ment benefits from BRT investment. Generally, the factors that do contribute
to more development around BRT are the same as those factors that contrib-
ute to more development around rail modes: conducive market conditions and
land use policies. More research on this topic is under way; early indications are
that a significant level of infrastructure investment can improve surrounding
streetscapes and provide assurances of the permanence of the BRT. However,
other BRT lines with minimal running infrastructure—such as the York Region’s
VIVA—are seeing adjacent development activity as well.

Environmental Quality

Documentation of the environmental impacts of BRT systems is limited. Experi-
ence shows that there is improvement to environmental quality due to a number
of factors. Ridership gains suggest that some former automobile users are using
transit as a result of BRT implementation. Transit agencies are serving greater
passengers with fewer hours of operation, potentially reducing emissions. Most
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importantly, transit agencies are adopting vehicles with alternative fuels, propul-
sion systems, and pollutant emissions controls.

SUSTAINING THE CBRT REPORT )

The CBRT report presents a useful compendium of information for supporting
BRT planning, design, and operations. This 2008 edition presents a snapshot of
the collective experience of BRT. Since 2004, the experience with BRT has grown,
and this version of CBRT has added more useful cases for study. To enhance the
usefulness of this report as a key BRT information source, information from ad-
ditional experience with BRT systems and lessons learned from their implemen-
tation and operation have been incorporated. Sustained usefulness of the report
relies on future updates that incorporate even more experience with future BRT
applications and ongoing research and development activities.

Supplemental Evaluation of Operating BRT Projects
“Characteristics of BRT” builds upon a tradition of research on the implementa-
tion of BRT elements and BRT projects. FTA has completed evaluation efforts
for at least seven BRT projects: Pittsburgh (Martin Luther King Jr. Busway and
West Busway), Miami, Orlando, Boston, Oakland, Honolulu, and Las Vegas. Proj-
ect implementation agencies continue their own ongoing individual evaluation
efforts. Future editions of this report can continue to incorporate information
from new and updated evaluations of operational systems.

Several new topics should get updated reviews, including safety and security,
accessibility, land use, and environmental benefits. Furthermore, more detailed
measurements of certain performance measures, such as reliability and custom-
er satisfaction, can provide a more thorough and qualitative understanding of
how BRT elements contribute to them.

Evaluation of New BRT Projects

BRT projects currently in development can provide additional sources of infor-
mation. At least four major BRT projects in the United States began operation
between 2004 and 2008—Orange Line (Los Angeles), EmX (Emerald Express—
Eugene), HealthLine (Euclid Corridor, Cleveland) and Select Bus Service (Fordham
Road in New York City corridor). In addition, the Hartford-New Britain Busway
(Hartford, Connecticut) is on track to be in operation by 2012. These projects



provide new quantitative data and more complete information on the impact
of some BRT elements, such as exclusive transitways, proof-of-payment fare col-
lection, and precision docking systems. Furthermore, they can provide useful
project history on how to address issues such as sharing single-lane guideway
sections, operation adjacent to an active railroad, safety at crossings, and opera-
tion of vehicles with doors on both sides of a vehicle.

Incorporating International Experience

The international community implementing BRT is growing and increasingly is
exchanging information to learn from each other. This report incorporates data
on BRT systems from Canada, Colombia, Europe, Australia, and China through
specific data collection efforts. Additional data collection is necessary to build
a broader database from existing systems in other locations. Data from several
cities in Brazil, long the pioneer in the development of BRT systems, especially
one of the original BRT systems in Curitiba, and other locations throughout Lat-
in America, Europe, and Asia will create a more complete picture of the broad
applications of BRT. Furthermore, new systems are being developed in Africa,
Southeast Asia, and India. Cases from the more developed systems and newer
systems may provide useful lessons.

Compiling Ongoing Information on Performance and Benefits

To draw more definitive conclusions about the implementation of BRT, it is often
important to have a large set of data on several systems over a period of several
years. While other modes benefit from longstanding efforts for collecting and
reporting data, such as the National Transit Database (NTD), a common plat-
form or methodology for collecting and reporting BRT system data has yet to be
developed. This report represents an attempt to report on BRT experience (ma-
jor project elements, performance, and benefits) in a single, unified format. This
edition has attempted to standardize the set of data that are collected. Future
updates can benefit from updates to this data set emphasizing three principles:

<~ Consistency—data collected consistently, with common definitions and
common units of measurement allow for effective comparison across proj-
ects

<~ Regularity—data collected at regular intervals, allowing for a characteriza-
tion of how BRT systems and their performance evolve over time

Conclusions and Summary

< Simplicity—data collected regularly, requiring that the methods to collect
it be simple and easy to understand

Incorporating General Transit Research

This report has drawn heavily upon general research and syntheses of experience
in transit, including several documents produced by industry groups such as the
American Public Transportation Association (APTA) and programs such as the
Transit Cooperative Research Program (TCRP). The work conducted under the
auspices of TCRP Project A-23 and A-23A (TCRP 118) has advanced research on
BRT even further. Future activities of TCRP and the Transportation Research
Board (TRB) can explore topics in greater detail and more systematically. Fur-
thermore, APTA's BRT standards development efforts can provide useful guid-
ance for implementation of certain BRT elements and interfaces of elements.

This report ultimately relies on an openness to knowledge from all potential
sources. This openness to knowledge from the broader transit community ac
knowledges the notion that BRT systems include elements that are not exclusive
to BRT. The development of BRT systems involves conscious integration of sev-
eral transit elements that can be implemented independently. Because the ex-
perience in these elements is broad, the body of research from which this report
draws should be just as broad. The report can thus serve as a focal point for this
dialogue between the transit research community and BRT system planners.

CLOSING REMARKS )

This edition of “Characteristics of BRT” represents a snapshot of BRT experience
as of Summer 2008. Even as it updates the wealth of data and information with
four years of additional experience, there is much about BRT that can be ex-
plored further. This report will continue to be a dynamic document, one that
evolves along with the experience of the global transit community with BRT. As
the number and sophistication of BRT applications increases, “Characteristics of
BRT” will reflect this experience in future editions. Data on system experience
in future editions will allow for the analyses to be more robust and for lessons
learned to be more definitive. The Federal Transit Administration encourages
the use of this document as a tool to disseminate information on the evolution
of BRT to the transit community.
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GLOSSARY OF BRT TERMS

TERM DEFINITION

Alighting When a passenger exits a vehicle.

Avrticulated Bus A bus composed of two vehicle sections connected by an articulated joint. An articulated bus has
a higher passenger capacity than a standard bus.

Automated Passenger Counter  Technology that counts passengers automatically when they board and alight vehicles. APC tech-

(APC) nologies include treadle mats (registers passengers when they step on a mat) and infrared beams
(registers passengers when they pass through the beam). APC is used to reduce the costs of data
collection and to improve data accuracy.

Automated Vehicle Location Technology used to monitor bus locations on the street network in real-time. AVL is used to

(AVL) improve bus dispatch and operation and allow for quicker response time to service disruptions
and emergencies.

Barrier-Enforced Fare Payment A fare collection system (process) where passengers pay fares to pass through turnstiles or gates

System prior to boarding the vehicle. This is done to reduce vehicle dwell times.

Barrier-Free Proof-of-Payment A fare collection system (process) where passengers purchase fare media before boarding the

(POP) System vehicle and are required to carry proof of valid fare payment while on-board the vehicle. Roving
vehicle inspectors verify that passengers have paid their fare. This is done to reduce vehicle dwell
times.

Boarding When a passenger enters a vehicle.

Branding The use of strategies to differentiate a particular product from other products, in order to

strengthen its identity. In the context of BRT systems, branding often involves the introduction
of elements to improve performance and differentiate BRT systems, such as the use of vehicles
with a different appearance from standard bus services, distinct station architecture, and the use
of distinct visual markers such as color schemes and logos.

Brand Identity Represents how a particular product is viewed among the set of other product options available.
In the context of BRT systems, brand identity is necessary so that passengers distinguish BRT
services from other transit services.

Bus Bulb A section of sidewalk that extends from the curb of a parking lane to the edge of an intersection
or offset through lane. This creates additional space for passenger amenities at stations, reduces
street crossing distances for pedestrians, and eliminates lateral movements of buses to enter and
leave stations. However, this may also produce traffic queues behind stopped buses.

Bus Rapid Transit (BRT) Aflexible, rubber-tired form of rapid transit that combines stations, vehicles, running way, and ITS
elements into an integrated system with a strong identity. BRT applications are designed to be ap-
propriate to the market they serve and to their physical surroundings. BRT can be implemented
in a variety of environments, ranging from rights-of-way totally dedicated to transit (surface, el-
evated, or underground) to mixed traffic rights-of-way on streets and highways.

Bus Street Street that is dedicated to bus use only.

Capacity The maximum number of passengers that could be served by a BRT system.
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TERM DEFINITION

Capacity, Person The maximum number of passengers that can be carried along the critical section of the BRT
route during a given period of time, under specified operating conditions, without unreasonable
delay, hazard, or restriction and with reasonable certainty.

Capacity, Facilities The number of vehicles per period of time that use a specific facility (i.e, running way or station).

Capacity, Vehicle The maximum number of seated and standing passengers that a vehicle can safely and comfort-
ably accommodate. This is determined by the vehicle configuration.

Contextual Design How well a BRT system demonstrates a premium, quality design and is integrated with the sur-
rounding communities.

Demand The actual number of passengers attracted to use a BRT system.

Designated Lane A lane reserved for the exclusive use of BRT or transit vehicles. Dedicated lanes can be located in

different positions relative to the arterial street and are classified accordingly:

Concurrent Flow Curb — Next to the curb, used by buses to travel in the same direction as the
adjacent lane.

Concurrent Flow Interior — Between curb parking and the adjacent travel lane, used by transit
vehicles to travel in the same direction as the adjacent travel lane. This is done in situations where
curb parking is to be retained.

Contraflow Curb - Located next to the curb, used by transit vehicles to travel in the opposite
direction of the normal traffic flow. Could be used on one-way streets, or for a single block on
two-way streets to enable buses to reverse direction.

Median — Within the center of a two-way street.

Dual-Mode Propulsion A propulsion systems that offers the capability to operate with two different modes, usually as a
thermal (internal combustion) engine and in electric (e.g,, trolley) mode.

Dwell Time The time associated with a vehicle being stopped at a curb or station for the boarding and alight-
ing of passengers. BRT systems often intend to reduce dwell times to the extent possible through
such strategies as platform height, platform layout, vehicle configuration, passenger circulation
enhancements, and the fare collection process.

Dwell Time Reliability Ability to maintain consistent dwell times at stations. BRT systems often intend to improve dwell
time reliabilities to the extent possible through such strategies as platform height, platform lay-
out, vehicle configuration, passenger circulation enhancements, and the fare collection process.

Driver Assist and Automation A form of technology that provides automated controls for BRT vehicles. Examples include colli-
Technology sion warning, precision docking, and vehicle guidance systems.
Fare Structure Establishes the ways that fares are assessed and paid. The two basic types of fare structures are flat

fares (same fare regardless of distance or quality of service) and differentiated fares (fare depends
on length of trip, time of day, and/or type of service).
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Fare Transaction Media Type of media used for fare payment. Examples include cash (coins and bills), tokens, paper media
(tickets, transfers, flash passes), magnetic stripe media, and smart cards. Electronic fare transac-
tion media (i.e., magnetic stripe media or smart cards) can reduce dwell times and fare collection
costs, increase customer convenience, and improve data collection.

Global Positioning System (GPS) ~ The use of satellites and transponders to locate objects on the earth’s surface. GPS is a widely used
technology for AVL systems.

High Occupancy Vehicle (HOV) A street or highway lane designated for use only by vehicles with more than one passenger, in-

Lane cluding buses. HOV lanes are often used on freeways.

Hybrid-Electric Drive A propulsion system using both an internal combustion engine and electric drives that incorpo-
rate an on-board energy storage device.

Intelligent Transportation Advanced transportation technologies that are usually applied to improve transportation system

Systems (ITS) capacity or to provide travelers with improved travel information. Examples of ITS applications

with relevance to BRT systems include vehicle prioritization, driver assist and automation tech-
nology, operations management technology, passenger information, safety and security technol-
ogy, and support technologies.

Internal Combustion Engine An engine that operates by burning its fuel inside the engine. Combustion engines use the pres-
(ICE) (Thermal Engine) sure created by the expansion of the gases to provide energy for the vehicle. ICEs typically use
fuels such as diesel or natural gas (in either compressed gas or liquefied form).

Level Boarding An interface between station platform and vehicle that minimizes the horizontal and vertical
gap between the platform edge and the vehicle door area, which speeds up passenger boarding/
alighting times and does not require the use of wheelchair lifts or ramps. Level boarding is often
done through the use of station platforms and low-floor vehicles.

Low-Floor Vehicle A vehicle designed with a lower floor (approximately 14 inches from pavement), without stairs or
a wheelchair lift. Use of low-floor vehicles could be done in combination with station platforms
to enable level boarding or could be done stand-alone such that passengers are required to take
one step up or use a wheelchair ramp to board the vehicle.

Multiple-Door Boarding Passengers are allowed to board the vehicle at more than one door, which speeds up boarding
times. This typically requires off-board fare collection.

Operations Management Automation methods that enhance the management of BRT fleets to improve operating efficien-

Technology cies, support service reliability, and/or reduce travel times. Examples include automated schedul-
ing dispatch, vehicle mechanical monitoring and maintenance, and vehicle tracking systems.

Passing Capability The ability for vehicles in service to pass one another. Bus pull-outs and passing lanes at stations
are two primary ways to enhance passing capability for a BRT system.

Passenger Circulation Features that govern passenger accessibility to vehicles and circulation within vehicles. Examples

Enhancement include alternative seat layouts, additional door channels, and enhanced wheelchair secure-
ments.
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Passenger Information System Technologies that provide information to travelers to improve customer satisfaction. The most
common application relevant to BRT systems is the real-time provision of information pertaining
to schedules, wait times, and delays to passengers at stations or on-board vehicles using variable
message signs and an automated vehicle location technology.

Pay On-Board System A fare collection system (process) in which passengers pay fares on-board the vehicle at the
farebox or display valid fare media to the bus operator.

Platform A station area used for passenger boarding and alighting. A side platform is adjacent to the curb
or a running way. A center platform is located between the vehicle running way and the center
of the running way, or median; this is less common because it requires non-standard vehicle door
locations.

Platform Height Height of the platform relative to the running way. The three basic options for platform height are
standard curb, raised curb, and level platform.

Platform Layout Design of the platform with respect to vehicle accommodation. The three basic options for plat-
form layout are single vehicle length platform, extended (i.e, multiple vehicle) platform with un-
assigned berths, and extended platform with assigned berths.

Precision Docking System A guidance system used to accurately steer vehicles into alignment with station platforms or
curbs. These may be magnetic or optical-based and require the installation of markings on the
pavement (paint or magnets), vehicle-based sensors to read the markings, and linkages with the
vehicle steering system.

Propulsion System, Vehicle The means of delivering power to enable vehicle movement. The most common propulsion sys-

Propulsion System tems for BRT vehicles include internal combustion engines fueled by diesel or compressed natural
gas, electric drives powered by the use of an overhead catenary, and hybrid-electric drives with
an on-board energy storage device. The choice of propulsion system affects vehicle capital costs,
vehicle operating and maintenance costs, vehicle performance, ride quality, and environmental
impacts.

Queue Jumper A designated lane segment or traffic signal treatment at signalized or other locations where traf-
fic backs up. Transit vehicles use this lane segment to bypass traffic queues (i.e, traffic backups).
A queue jumper may or may not be shared with turning traffic.

Route Length The length of the route affects what locations the route serves and the resources required to
operate that route.
Route Structure How stations and running ways are used to accommodate different vehicles that could poten-

tially be serving different routes.

Running Time Time that vehicles spend moving from station to station along the running way. BRT systems are
designed to reduce running times to the extent possible through such strategies as running way
segregation, passing capability, station spacing, ITS, and schedule control.

Running Time Reliability Ability to maintain consistent running times along a route. BRT systems are designed to improve
running time reliabilities to the extent possible through such strategies as running way segrega-
tion, passing capability, station spacing, ITS, and schedule control.
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Running Way The space within which the vehicle operates. For BRT systems, the running way could be a ful-
ly grade-separated exclusive transitway, an at-grade transitway, a designated arterial lane, or a
mixed-flow lane. BRT vehicles need not operate in a single type of running way for the entire
route length.

Running Way Marking The visible differentiation of the running ways used by BRT vehicles from other running ways. Sig-
nage and striping, raised lane delineators, and alternate pavement color/texture represent three
major techniques.

Running Way Segregation Level of segregation, or separation, of BRT vehicles from general traffic. A fully grade-separated
exclusive transitway for BRT vehicles represents the highest level of segregation, followed by an
at-grade transitway (second highest), a designated arterial lane (third highest), and a mixed flow
lane (lowest).

Safety and Security Technology ~ Systems that enhance the safety and security of transit operations. Examples include silent alarms
on the vehicle that can be activated by the driver and voice and/or video surveillance monitoring
systems in stations or on-board vehicles.

Schedule Control How vehicle on-time performance is monitored, either to meet specified schedules or to regulate
headways. Headway-based control is more common for very high frequency routes.

Service Frequency The interval of time between in-service vehicles on a particular route. Determines how long pas-
sengers must wait at stations and the number of vehicles required to serve a particular route.
Service frequencies for BRT systems are typically high relative to standard bus services.

Service Reliability Qualitative characteristics related to the ability of a transit operation to provide service that is
consistent with its plans and policies and the expectations of its customers.

Service Span The period of time that a service is available to passengers. Examples include all-day service and
peak-hour-only service.

Signal Timing/Phasing Involves changes to the normal traffic signal phasing and sequencing cycles in order to provide a
clear path for oncoming buses.

Station Location where passengers board and alight the vehicle. BRT stations can range from simple stops
or enhanced stops to a designated station and an intermodal terminal or transit center. A sta-
tion often has more passenger amenities than a stop (i.e,, benches, shelters, landscaping, traveler
information).

Station Access Means of linking stations with adjacent communities in order to draw passengers from their mar-
ket area. Examples include pedestrian linkages (i.e,, sidewalks, overpasses, pedestrian paths) and
park-and-ride facilities.

Station and Lane Access Control ~ Allows vehicle access to dedicated BRT running ways and stations with variable message signs
and/or gate control systems.

Station Spacing The spacing between stations impacts passenger travel times and the number of locations served
along the route. Station spacings for BRT systems are typically farther apart relative to standard
bus services.
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Support Technologies Technologies used to support ITS applications. Examples include advanced communication sys-
tems, archived data, and automated passenger counters.

Ticket Vending Machine (TVM) A fixed machine that accepts a combination of cash, stored-value media, and credit cards to dis-
pense valid tickets and other fare media

Transfer Time The time associated with a passenger waiting to transfer between particular transit vehicles. The
network design determines where passengers need to make transfers. Service frequency and reli-
ability are the primary determinants of transfer time.

Transit Signal Priority Adjustments in signal timing to minimize delays to buses. Passive priority techniques involve
changes to existing signal operations. Active priority techniques involve adjustments of signal
timing after a bus is detected (i.e, changing a red light to a green light or extending the green
time).

Transitway / Busway Traffic lane dedicated to exclusive use of transit vehicles that is physically separated from other
traffic lanes. May or may not be grade separated.

Validator A device that reads a fare instrument (fare transaction medium) to verify if a fare paid is valid for
the trip being taken by the passenger

Variable Message Sign (VMS) A sign that provides flashing messages to its readers. The message posted on the sign is variable
and can be changed in real-time.

Vehicle Configuration The combination of length (standard, articulated, or specialized), body type (conventional, styl-
ized, or specialized), and floor height (standard or low-floor) of the vehicle. In practice, BRT sys-
tems can use any combination of different vehicle configurations on a single running way.

Vehicle Guidance System A guidance system used to steer vehicles on running ways while maintaining speed. These may be
magnetic, optical, or GPS-based and require the installation of markings on the pavement (paint
or magnets), vehicle-based sensors to read the markings, and linkages with the vehicle steering
system. Guidance can be lateral (side-to-side to keep buses within a specified right-of-way) or
longitudinal (to minimize the following distance between vehicles).

Vehicle Prioritization Methods to provide travel preference or priority to BRT services. Examples include signal timing/
phasing, station and lane access control, and transit signal priority.

Wait Time The time associated with a passenger waiting at a station before boarding a particular transit
service. Service frequency and reliability are the primary determinants of wait time.





