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CHAPTER 2
SYNTHESIS OF FINDINGS

This chapter synthesizes the experience of 26 case studies of
BRT located in the United States, Canada, Australia, Europe,
and South America. It starts by defining the concepts and
attributes of BRT and traces BRT’ s evolution over the years.
It then identifies where BRT systems operate and how they
were successfully implemented. The case studies are then
compared in terms of physical features (running ways, sta
tions, vehicles, and I TSs); performance (ridership and speeds);
and benefits achieved.

2.A BRT—CONCEPTS AND EVOLUTION

Thereisabroad range of perspectivesasto what constitutes
BRT. At one end of the spectrum, BRT has been defined asa
corridor in which buses operate on a dedicated right-of-way
such as abusway or a bus lane reserved for buses on amajor
arteria road or freeway. Although this definition describes
many existing BRT systems, it does not capture the other fea-
tures that have made rail rapid-transit modes so attractive
around the world.

BRT has aso been defined as a bus-based, rapid-transit
service with acompletely dedicated right-of-way and on-line
stops or stations, much like LRT. Thisis consistent with the
FTA definition of BRT as “a rapid mode of transportation
that can combine the quality of rail transit and the flexibility
of buses’ (1).

For the purpose of thisproject, BRT has been defined more
comprehensively as a flexible, rubber-tired form of rapid
transit that combines stations, vehicles, services, running
ways, and ITS elementsinto afully integrated system with a
strong image and identity. BRT applications are designed to
be appropriate to the market they serve and their physical sur-
roundings, and they can be incrementally implemented in a
variety of environments (from rights-of-way totally dedi-
cated to transit to streets and highwayswheretransit is mixed
with traffic).

Inbrief, BRT isafully integrated system of facilities, ser-
vices, and amenities that are designed to improve the speed,
reliability, and identity of bus transit. In many respects, itis
rubber-tired LRT, but with greater operating flexibility and
potentially lower capital and operating costs. Often, arela-
tively small investment in dedicated guideways can provide

regional rapid transit. This definition has the following
implications:

* Where BRT vehicles(buses) operatetotally on exclusive
or protected rights-of -way (surface, elevated, and/or tun-
nel) with on-line stops, the level of service provided is
similar to that of heavy rail rapid transit (metros).

* Where buses operatein combinations of exclusiverights-
of-way, median reservations, bus lanes, and street run-
ning with on-line stops, the level of service provided is
similar to that of LRT.

* Where BRT operatesalmost entirely on exclusive busor
HQOV lanes on highways (freeways and expressways)
to and from transit centers with significant parking and
where it offers frequent peak service focused on atradi-
tional CBD, it providesalevel of service very similar to
that of commuter rail.

* Where buses operate mainly on city streets with little or
no special signal priority or dedicated lanes, the level of
service provided issimilar to that of an upgraded limited-
stop bus or tram system.

Figure 1 describes the seven major components of BRT—
running ways, stations, vehicles, service, route structure, fare
collection, and ITS. Collectively, these components form
a complete rapid-transit system that can improve customer
convenience and system performance (2).

2.A.1 Why BRT?

Transportation and community-planning officials al over
the world are examining improved public transportation solu-
tionsto mobility issues. Thisrenewed interest in transit reflects
concerns ranging from environmental consciousness to the
desire for alternativesto clogged highways and urban sprawl.
These concerns have led to are-examination of existing tran-
sit technologies and the embrace of new, creative ways of
providing transit service and performance. BRT can be an
extremely cost-effective way of providing high-qudity, high-
performance transit.

Advancements in technology such as clean air vehicles,
low-floor vehicles, and electronic and mechanical guidance



fRunning Ways
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BRT vehicles operate primarily in fast and easily
identifiable exclusive transitways or dedicated bus
lanes. Vehicles may also operate in general traffic.

Stations

.

BRT stations, ranging from enhanced shelters to large
transit centers, are attractive and easily accessible.
They are also conveniently located and integrated
into the community they serve.

Vehicles

.

BRT uses rubber-tired vehicles that are easy to board
and comfortable to ride. Quiet, high-capacity vehicles
carry many people and use clean fuels to protect the
environment.

Services

(N

BRT's high-frequency, all-day service means less
waiting and no need to consult schedules. The
integration of local and express service can reduce
long-distance travel times.

Route
Structure

pN

BRT uses simple, often color-coded routes. They can
be laid out to provide direct, no-transfer rides to
multiple destinations.

& Fare Collection

Simple BRT fare collection systems make it fast and
easy to pay, often before you even get on the bus.
They allow multiple door boarding, reducing time
in stations.

.
Intelligent BRT uses advanced digital technologies that
Transportation improve customer convenience, speed, reliability,
Systems and operations safety.

p

Figurel. Components of busrapid transit.
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systemshave made BRT amoreattractivetransit alternativeto
both transit users and transportation-planning officials. Severa
reasons were cited repeatedly in the case studies for consider-
ing BRT as a potentia high-performance transit investment.
These reasons are the following:

* Continued growth of urban areas, including many CBDs
and suburban activity centers, has created aneed for im-
proved transport capacity and access. Given the costs
and community impacts associated with major road con-
struction, improved and expanded public transit emerges
asan important way to provide the needed transportation
capacity. However, existing conventional bus systemsare
often unattractive, difficult to use, dow, unreliable, and
infrequent in service. In addition, their vehicles are often
not well matched to their markets, and they have little if
any passenger information and amenities at stops. Rail
transit can be difficult, time-consuming, and expensive
toimplement; costly to operate; and poorly suited to many
suburban travel markets.

* BRT can often beimplemented quickly and incrementally
without precluding future rail investment if and when it
is warranted.

* For agiven distance of dedicated running way, BRT is
generally less costly to build and equip than rail transit.
Moreover, there are relatively low facility costs where
BRT vehicles operate on existing bus-only or HOV
lanes or in mixed traffic.

* BRT can be cogt-effective in serving a broad variety of
urban and suburban environments. BRT vehicles, whether
driver-steered or guided mechanicaly or electronicaly,
can operate on streets, freeway medians, railroad rights-
of-way, arteria structures, and underground. BRT can
easily and inexpensively provide abroad array of express,
limited-stop, and local al-stop services on asingle facil-
ity, unlike most rail systems.

* BRT can provide quality performance with sufficient
transport capacity for corridor applications in most U.S.
and Canadian cities. The Ottawa Transitway system’s
CBD link, for example, carries more peoplein the peak-
hour peak direction than most LRT segments in North
America. Many BRT linesin South American citiescarry
peak-hour passenger flows that equal or exceed those on
many U.S. and Canadian fully grade-separated rail rapid-
trangit lines.

* Attheridership levelstypicaly found in most urban cor-
ridors, BRT can haverelatively low operationsand main-
tenance costs. Thisisprimarily becausetherelatively low
fixed maintenance costs can offset variable driver costs.

* BRT iswell suited to cost-effectively extend the reach of
existing rail transit lines by providing feeder servicesto
areaswheredensitiesare currently too low to support rail
transit. It can also serve as the first stage for an eventual
rail transit line.

* Like other forms of rapid transit, BRT can be integrated
into urban and suburban environmentsin ways that fos-
ter economic development and transit- and pedestrian-
friendly design. Examples of regionsthat haveintegrated
BRT successfully include Adelaide, Boston, Ottawa, and
Brishane.
* Advancements in the practical application of several
technologies a'so make BRT feasible. These include
—Clean” vehicles (CNG, diesel-electric hybrid, and
dua power buses);

—L ow-floor vehicles that allow quick, level boarding;
and

—Mechanical, optical, and el ectronic guidance systems.

2.A.2 Evolution of BRT

The idea of using rubber-tired vehicles (buses) to provide
rapid transit is not new. Plans and studies have been prepared
since the 1930s, with a growing emphasis on rubber-tired
vehiclesin the last few years.

Major Proposals

BRT proposalswere developed for Chicagoin 1937, Wash-
ington D.C. in 19561959, St. Louisin 1959, and Milwaukee
in 1970. These plans are discussed briefly below.

1937 Chicago Plan. BRT wasfirst suggested in Chicago
(3). A 1937 plan caled for converting three westside rail
rapid-transit linesto express bus operation on super highways
with on-street distribution in central areas and downtown.

19561959 Washington D.C. Plan. Design studies for
BRT within freeway medians were developed as part of the
1956-1959 “Mass Transportation Survey for the National
Capital Region” (4). It was recommended that “in planning
of future radial freeways a cross section . . . be provided to
afford maximum flexibility and reserve capacity for vehicles
aswell asfor the mass movement of people.” Thisplan called
for athree- or four-lane roadway for traffic in each direction.
These roadwayswould be separated by a64-foot mall with 51
feet from center to center of the columns supporting cross-
street bridges. In thefirst stage, thiswide mall would be land-
scaped and held available for future developments; public
transportation would consist of express buses operating in the
generd traffic lanes.

Buseswould make stops at appropriateintervalson the par-
allel service roads without special station facilities or at sim-
ple stations within the end span of the cross-street bridges.
Express bus service eventually would be converted to BRT
and rail within the median.

1959 St. Louis Plan. The 1959 transportation plan in-
cluded an 86-mile BRT system, of which 42 mileswereto
be special grade-separated bus roadways (5). The focus of



this proposal was an elevated loop road circling downtown
St. Louis, measuring six blocks north and south and five blocks
east and west. The loop contained a 60-foot-wide operating
deck that included a sidewalk or passenger-loading platform
located on the inner side of the deck to mesh with one-way
clockwise operation of buses. It provided a three-lane bus
roadway approximately 37 feet wide. The BRT system cost
totaled $175 million (exclusive of freeways).

1970 Milwaukee Plan. Milwaukee's proposed 1970 tran-
sitway plan included 107 miles of express bus routes over the
freeway system and an 8-mile, east-west transitway (6). The
plan called for 39 stations (excluding downtown) and 33,000
parking spaces.

In 1990, during the p.m. peak hour, 600 buses would enter
the Milwaukee CBD as compared with 135in 1973. Costsfor
the BRT system were estimated at $151 million (1970), $40
million of which was for the transitway. The plan was inte-
grated with existing and proposed freeways.

Research and Planning Sudies

Several research studies described where BRT would work
and how it might be configured. A 1966 study done for the
American Automobile Manufacturers Association, Trans-
portation and Parking for Tomorrow’'s Cities (7), set forth
broad transportation-planning guidelines. It indicated that
“busrapid transit is especially suitable in cities where down-
town must attract its visitors from a wide, diffused area.” It
stated that

BRT could involve lower capital costs, provide greater cov-
erage, better serve low and medium-density areas, and more
readily adapt to changing land-use and population patterns
than rail-based systems.

BRT also has applicability in larger cities of much higher
density because of its operationa flexibility, and with proper
downtown terminal design, busrapid transit systemscould pro-
vide adequate capacitiesto meet corridor demandsin nearly all
of the Nation’s cities which do not haverail systems.

To achieve high average speeds on downtown approaches,
buses could operate within reserved lanes or exclusive free-
way rights-of-way on key radial routes and could travel out-
ward to the intermediate freeway loop, with provision for
subsequent expansion.

Downtown, buses would operate preferably on private
rights-of-way and penetrate the heart of the core area (either
above or below ground) or, aternatively, they could enter
terminals. Successful BRT, however, would require

careful coordination between highway and transit officialsin
all stages of major facility planning. Inthisregard, resolution
of several major policy questions will go far toward early
implementation of bus rapid transit systems. These are: (1)
the extent to which exclusive bus facilities will qualify for
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federal aid under existing programs; (2) the need for separate
designs on approaches to the inner freeway |oops and down-
town; (3) the minimization or elimination of costly ventila-
tion systemsto facilitate underground operation; (4) thedevel -
opment of financing policies for downtown bus tunnels; and
(5) the development of bus trains or special bus designs to
minimize downtown station requirements and expedite down-
town loading. (7)

The 1996 study indicated that a small amount of special
right-of-way in conjunction with the urban freeway system
(where necessary to ensure good peak-hour speeds) could gen-
eraly provide effective regional rapid transit. It was conserv-
atively estimated that peak-hour downtown cordon volumes of
up to 125,000 persons could be accommodated by freeways,
BRT, locd transit, and arterials under existing capabilities of
automobiles and buses. This is ample capacity for the vast
majority of U.S. city centers:

Moreover, asbustechnology improvesand electronic bustrain
operation becomes a reality, substantially greater capacities
would be achieved. Thus, ultimately, differences between rail
and bus transit could become minimal. (7)

A 1970 study, The Potential for Bus Rapid Transit (8),
indicated that freeway systems were potentialy usable by
express buses and, with modification, as exclusive bus lanes
or busways. Thekey factorsin evaluating BRT potential were
(1) capita costs, (2) operating costs, (3) route configuration,
and (4) distribution in the city center and other major activity
centers.

In 1973, NCHRP Report 143: Bus Use of Highways: Sate
of the Art (9) provided a comprehensive review of the state of
the art, and, in 1975, NCHRP Report 155: Bus Use of High-
ways: Planning and Design Guidelines (10) set forth planning
and design guidelines. Using the goal of minimizingtotal per-
son delay as a guide, the reports suggested ranges in peak-
hour bus volumes for bus priority facilities.

A 1972 study, “Bus Rapid Transit Progress in the USA”
(12), examined and summarized reasons for the implementa-
tion of BRT projectsin the 1950s and 1960s.

A 1975 study, Bus Rapid Transit Options for Densely
Developed Areas (12), described and evaluated the cost, ser-
vice, and environmental implications of buslanes, bus streets,
and bus subways. The report showed how various bus prior-
ity facilitieswould be coordinated in the central areaand sug-
gested amultidoor articulated bus for BRT operations.

Most of these planning studiesfocused on thefacility aspects
of BRT, often as an adjunct to urban freeways. Little or no
attention was given to the station, service, and image/identity
aspects of BRT.

Countervailing Trends

In the middle to late 1970s, the transit planning emphasis
shifted away from bus use of streets and highways, BRT,
and fully grade-separated metros toward the provision of
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HOV lanesand LRT. HOV laneswere perceived as awidely
applicable, environmentally positive way of expanding road
capacity while reducing single-occupant-vehicle use.

The development of LRT lines gained popularity because
of their perceived performance, passenger attractiveness, and
image benefits. These aspects were considered to be unattain-
able by bustransit, but attainablein LRT at costs much lower
than those of fully grade-separated metros, such as those in
San Francisco; Washington, D.C.; Miami; and Baltimore.
LRT tendsto be considered more fully in alternative analy-
ses, partially because there is little information available on
the potentia benefits and costs of BRT.

Recent U.S. Initiatives

FTA has undertaken a BRT initiative in an attempt to en-
courage local agencies to consider potentially cost-effective
BRT alternatives in major investment and alternatives analy-
ses studies. Using Curitiba's BRT system as a model, FTA
sponsored a BRT conference in 1998, published major docu-
ments highlighting BRT (13, 14), established a BRT Consor-
tium with 17 supporting cities in 1999, and launched a BRT
“Demonstration Program” involving 15 cities.

2.B OVERVIEW OF FINDINGS

BRT systems are found today in major cities throughout
theworld. These systemsvary widely in extent, type of treat-
ment, design and operating features, usage, and benefits. Key
aspects of the 26 case studies are described in the sections
that follow.

2.B.1 Case Study Locations

The locations, urban populations, and key features of the
26 case study citiessurveyed areshownin Table A-1in Appen-
dix A. Most BRT systems are located in large cities, many of
which aso haverail rapid transit. Nineteen of the systems are
found in urban areas of over 700,000, and 16 aso have rail
transit lines. Nine of the 14 systemsin the United States and
Canada have a CBD employment that exceeds 85,000.

Twenty-one BRT systems are in revenue service, three are
under construction (Boston, Cleveland, and Sydney), and two
are under development (Hartford and Eugene).

2.B.2 Reasons for Implementation

The main reasons cited in the case studies for implement-
ing BRT systems were BRT' s lower development costs and
greater operating flexibility ascompared withrail transit. Other
reasons were that BRT can be a practical alternative to major
highway construction, an integral part of the city’s structure,
and acatalyst for urban devel opment. Examples of the specific
reasons cited for BRT implementation are described below.

United Sates and Canada

Boston. There has been a need to provide better transit
access and more capacity to the growing South Piersredevel -
opment area and to Logan International Airport. Implement-
ing aBRT system was perceived as providing operationa and
service benefits rather than merely cost advantages. A lim-
ited amount of bus subway construction will provide a one-
seat ride to major activity centers such as Logan Airport.

Cleveland. Rail transit on the Euclid Avenue corridor has
been proposed for morethan ahaf century, but numerousplans
werenever realized because of the cost involved and the declin-
ing commercial activity in the corridor. Implementing a BRT
system was perceived to be more cost-effective and affordable
and was seen as atool for encouraging redevelopment.

Eugene. The proposed BRT system is seen as an environ-
mentally responsiveway of alleviating traffic congestion with-
out making costly highway improvements.

Hartford. The busway was found to be a more cost-
effective dternativeto major freeway reconstruction and more
compatible with community-planning goals.

Houston. BRT wasableto use Houston'sHOV system for
running ways. The system, which includes HOV, park-and-
ride, and commuter express buses, makes effectiveuse of radial
freeway corridorsin reducing peak-hour traffic congestion.

LosAngdes. Longdelaysand cost overrunsledto acounty
referendum prohibiting future subway construction. BRT was
seen as acogt-effective dternative to improving bus servicein
major travel corridors. It was also considered to be a strategy
for offsetting a 12% decline in bus speeds in recent years.

Miami. The state of Florida examined cost-effective,
affordable public transport uses of an abandoned railroad
right-of-way. This led to the decision to build an at-grade
busway.

New York City. Morning peak-hour contra-flow bus
lanes were viewed as a cost-effective means of increasing the
speed of bustravel across the Hudson and East Rivers.

Ottawa. Theregion’stransportation policy gave public
transportation projects priority over al forms of road construc-
tion or widening. Busway technology was selected because it
was cheaper to build and operate. A 1976 study found that a
bus-based system could be built for half the capital costs of
rail transit and would cost 20% |lessto operate. It also offered
ahigher level of service: greater staging flexibility met the
capacity requirement of 15,000 passengers per hour in the
peak direction and had similar environmental impactstotherail
option (15).



Pittsburgh. Busways were politically viable and were
easier toimplement and more affordabl e than major highway
construction or rail transit. Busways would benefit riders
who traveled beyond the limits of the guideways. The Port
Authority of Allegheny County was also able to make use of
an extensive network of railroad rights-of-way to implement
dedicated busways.

Seattle. Intheearly 1980s, afederal policy of “no new rail
starts’ required Seattle Metro to explore bus aternatives. A
tunnel was sel ected for itsability to remove busesfrom down-
town streets.

Australia

Adelaide. The Guided Bus system was found to have sig-
nificantly lower initial coststhanaCBD light-rail subway, and
it reduced the need for transferring in alow-density corridor.
The O-Bahn technology was selected to reduce the cross sec-
tion of acompletely elevated guideway over ariverbed.

Sydney. BRT isbeing built to provide better transit service
to low-density areas with minimum transfer and walk times.

Brishane. The South East Busway wasdesigned to increase
transit level of servicein alow-density corridor, to promote
transit-oriented development, and to make use of existing
HOQOV lanes on the Southeast Motorway.

Europe

Leeds. The Guided Bustechnology providesself-enforcing
gueue bypasses for buses at congested locations.

Runcorn. The Figure 8 Busway is an integral part of the
New Town devel opment.

South America

In South America, there has been an urgent need toimprove
travel conditionsin congested cities with populations that are
growing exponentially. There generally have been neither time
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nor resources to build rail transit. Busways in the center of
widearterial streetsemerged asameans of increasing bus per-
formance and capacity.

Bogota. The TransMilenio four-lane median busway was
built after a3-year period to provide affordable BRT services.
It uses physically separated dual median bus lanes to service
multiple stations.

Curitiba. Themedian busway systemwasfound to bemore
flexible and affordable than rail and was an integral part of the
“structural axis’ along which development was encouraged.

Quito. Improved public transport became a political
imperative; the need for a“clean” (electrictrolley bus) system
was essential in view of the city’s cultural heritage.

Theindividual case studiesincluded in Appendix B (avail-
able on CRP-CD-31, which accompanies this volume) pro-
vide additional detail regarding the reasons for implementa
tion within each community.

2.B.3 Features of BRT Systems

The main features of the BRT include dedicated running
ways; attractive stations; distinctive, easy-to-board vehicles,
off-vehicle fare callection; use of ITS technologies; and fre-
guent all-day service.

Table A-2 in Appendix A shows the BRT features listed
above for each of the 26 cities analyzed. The table providesa
brief overview of the status of BRT around the world. There
isawiderange of BRT servicesand facilities. These different
services and facilities reflect specific community needs and
resources. The principal features, listed by system and geo-
graphic area, are summarized in Table 7.

Over 80% of the systems profiled have some type of exclu-
sive running ways—either abus-only road or buslane. More
than 75% provide frequent all-day service, and about 67%
have “stations’ rather than stops. In contrast, only about 40%
have distinctive vehicles (in delineation, type, and livery), and
roughly 38% feature some type of ITS application. Only five
systems (17%) have off-board fare collection.

Three existing systemshave all six basic features: Bogotd' s
TransMilenio, Curitiba ssystem, and Quito’ s Trolebus. Rouen
hasfivefeatures, and severa other systemshavefour. Systems

TABLE 7 Number of facilities with specific features

us/ Australia /

South

Feature Canada Europe America Total % of Total
Dedicated Running Ways 13 5 6 24 83
Stations 12 4 3 19 66
Distinctive Vehicles 7 1 3 11 38
Off-Vehicle Fare Collection 2 0 3 5 17
ITS 7 1 3 11 38
Frequent All-Day Service 11 S 6 22 76
Total Systems Surveyed 17 6 6 29 100
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under development in Boston, Cleveland, and Eugenewill also
have the six BRT elements.

Withinthe United Statesand Canada, 13 of 17 systemshave
dedicated running ways (bus lanes or busways), 12 have sta-
tions, 11 haveall-day service, 7 feature I TS elements, and only
1 system (Boston’s Silver Line) currently has off-board fare
collection. Ancther oneis till being planned.

Running Ways

BRT running ways include operations in mixed traffic,
median arterial busways, contra-flow freeway bus lanes,
normal-flow freeway HOV lanes, busways on separaterights-
of-way, and bus tunnels. Descriptions, characteristics, and
costs of running ways are given in Table A-3in Appendix A
for each of the 36 individual facilities in the 26 cities sur-
veyed. These running way features are summarized by geo-
graphic regionin Table 8.

There is considerable variation among BRT facilities from
region to region. Independent busways dominate North Amer-
ican and Australian practice, whereas arterial median busways
are used throughout South America. Arterial street bus opera-
tions are found in two of the three European case studies.
Reserved freeway lanesfor buses and carpools are found only
in the United States.

Bus tunnels exist in Brisbane and Seattle, and one is being
developed in downtown Boston. This represents an important
advance in BRT facility development, bringing akey running
way feature of rail transit to bus operations. It also overcomes
the problems associated with street running in congested down-
town areas.

Bus-only roads (busways) exist in Miami, Ottawa, Pitts-
burgh, Runcorn, and Brisbane. Busways are under develop-
ment in Hartford and Sydney. Figure 2 showsthe West Busway
in Pittsburgh.

TABLE 8 Typesof facility by region

Curb buslanestraditionally have been the main type of bus
priority treatment in North Americaand Europe, although they
were not reported in the case studies. Despite their advantages
in bringing buses curbside and their minimum impact on street
traffic flow, curb bus lanes are often avoided because of their
uncertain availability and conflicts with deliveries. Thisis
certainly the case in South America, where arterial median
busways predominate.

Severa systems in the United States and Canada (Hon-
olulu, Los Angeles, and Vancouver) operatelargely in mixed
traffic. In the case of Los Angeles, thisis an interim opera-
tion, and bus-only laneswill be selectively incorporated inthe
future.

Running ways are generaly radial, extending to or through
the city center. However, Vancouver’'s Broadway-L ougheed
Line provides cross-town service and is anchored by the Uni-
versity of British Columbiain the west. Sydney’s northwest
suburbs busway will be a circumferential facility.

Bus lanes are typicaly 11 to 12 feet wide. Shoulders are
provided along busways where space exists. At busway sta
tions, roadways are typically widened to about 50 feet to allow
for express bus or skip-stop passing. Busway envelopes are
about 30to 50 feet between stations. At stations, thetotal enve-
lope (four travel lanes, plus station-side platforms) can be as
wide as 75 feet. Examples of this are the following:

* TheNew Britain—Hartford Busway will providea50-foot
envelope at “ staggered,” or offset, side platform stations.

* The South Miami—Dade Busway providesa52-foot road-
way at stations plus station platforms.

* The Ottawa Transitway provides two 13-foot lanes and
8-foot shoulders. Thereisa75-foot envelopeat stations.

* Curitiba's arterial median busway has a 23-foot road-
way. The overall envelope, including stations and ser-
vice roads, is 72 to 85 feet wide.

us/ Australia | Europe South Total
Canada America
Arterial Street
Mixed Traffic 5 - - - 5
Queue Bypass 0 - 1 1
Curb Bus Lanes 0 1@ 1
Median Busway 2® 8 10
Freeways/Separate Rights-of-Way
Contra-flow Lanes 3
HOV Lanes 3
Busways 7 3 1 11
Bus Tunnels 2 2
TOTAL 22 3 3 8 36

" Includes O-Bahn and bus tunnel as part of one busway

@ Optically Guided Bus

@ Once system includes an electronically guided vehicle



Figure2. West Busway, Pittsburgh.

Figure 3 shows the typical median busway design used in
South American cities.

Sations

BRT station characteristics and features are given in
Table A-4 and Table A-5, which arelocated in Appendix A.
Table A-4 shows the spacing, length, bypass capabilities, plat-
form heights, and fare collection practices. Table A-5 describes
the reported design features and amenities.

Spacing. Station spacing along freeways and busways
ranges upward from about 2,200 feet along Boston’s Silver
Lineto severa milesaong the Adelaide O-Bahn and the San
Bernardino Freeway. The South Miami—Dade Busway has a
spacing of almost 2,900 feet; the Pittsburgh busways average
4,200 feet; the Brisbane busway averages 5,540 feet; the
Ottawa Transitway system averages 6,900 feet; and the San
Bernardino Busway exceeds 21,000 feet.

BRT station spacing along arteria streets ranges upward
fromabout 1,000 feet in Porto Alegre, 1,200 feet in Cleveland,
and 1,400 feet in Curitibato over 4,000 feet along Vancouver’s
“B” Linesand Los Angeles Metro Rapid bus service.
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This spacing, ranging from approximately 125 feet in urban
areas to 5,280 feet in suburban areas, is similar to LRT and
metro practice.

Locations. Stations are placed curbside when buses oper-
atein mixed traffic, asin Los Angelesand Vancouver. Stations
aretypically located on the outside of the roadway along arte-
rial mediansand busways. However, the Bogotasystem, asec-
tion of the Quito Trolebus, and Curitiba s“ direct” servicehave
center idland platforms with commensurate use of left-side
doors.

Passing Capabilities. Busways widen from two to four
lanes to enable express buses to pass around vehicles making
stops. In staggered stop situations, buswaystypically widen to
three lanes. The median arterial busways in South American
cities also provide passing lanes for buses; usualy, station
platformsare offset to minimize the busway envel ope, thereby
resulting in lane changes (shifts) by buses. Bogota's median
busway has continuous express (passing) lanes. Cleveland will
operate express buses on paralld streets, thereby obviating the
need for passing lanes at median busway stations.

The Brisbhane and Ottawa busways have barriers between
opposing directions of travel at stations to prevent at-grade
pedestrian crossings, as shown in Figure 4. Pittsburgh has
barriers as well as raised curbs with designated crosswalks.
Miami merely designates desired crossing locations, as will
the planned New Britain—Hartford Busway.

Platform Length. Station platform length variesdepending
on bus volumes and the lengths of the vehicles operated. Sta-
tionstypically accommodate two to three buses, although busy
stations may accommodate four to five vehicles. Boston's Sil-
ver Line, for example, will have 220-foot-long platformsthat
can simultaneously handle three 60-foot articulated buses.
Because of the enormous volumes it carries, Bogotd's Trans-
Milenio busway has bus stations ranging up to 500 feet long.

Platform Height. Most new BRT stations have low plat-
forms because many will be served by low-floor buses.
However, three systems in South America—Bogotd s Trans
Milenio, Quito’ s Trolebus, and Curitiba’ sall-stop and “direct”
services—provide high platforms to allow level boarding and

Bus stop
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Figure 3. Typical median busway design, South America.
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Figure4. Barrier between opposing directions of travel at
Ottawa Transitway station.

alighting of passengers from high-floor vehicles, as shown in
Figures5and 6. Guided vehicles such asthelrisbus Civisvehi-
cle used in Rouen or buses with drop-down bridges, such as
those used in Bogota, Quito, and Curitiba, are required for
floor-to-platform boarding and alighting.

Fare Collection. Bogotd, Curitiba, and Quito have off-
vehiclefare collection in conjunction with their high-platform
gtations, similar to metrorail systems. The stations function
essentialy like those for rail rapid-transit lines. Prepayment,
along with multidoor use of buses, reduces dwell times; thisis
apparent in the reduction of 20 seconds per stop in Curitiba. In
Rouen, the barrier-free honor fare system, similar to that used
inthecity’ sSLRT system, facilitates multiple-door boarding. In
other cities with high BRT passenger volumes (e.g., Ottawa
and Pittsburgh), the use of fare passes allows at least two-
stream boarding through front and back doors.

Design Features. Stations in the case study systems pro-
vide a broad spectrum of features and amenities depending on

Figure 6. Bi-articulated bus median, Curitiba.

location, climate, type of facility, and available space. Someare
simple, attractive canopies, as can be seen along the South
Miami—Dade Busway or Los Angeles's Metro Rapid lines,
shown in Figure 7. Others, such as those along Brisbane's
South East Busway, provide distinct and architecturally distin-
guished designs, as well as afull range of pedestrian facilities
and conveniences, as shown in Figure 8. The “high-platform”
stationsin Bogotd, Curitiba, and Quito contain extensive space
for fare payment. Curitiba stube stationshave become aninter-
nationally recognized symbol. The Los Angeles Metro Rapid
bus stations feature real-time bus arriva information.

Overhead pedestrian walks connect opposite sides of sta-
tionsin Brishane and Ottawa, aswell as busy stationsin Pitts-
burgh. In some situations, accessto both platformsis provided
from roadway crossings over the busway.

Vehicles

BRT vehiclesrangefrom conventional busesto distinctive,
dedicated BRT vehicles. Key characteristics of BRT vehicles
for selected systems are shown in Table A-6 in Appendix A.

Figure5. Trolebus station, Quito.

Figure7. Los Angeles Metro Rapid bus station.



Figure8. South East Busway station, Brisbane.

Body Style. Vehicle body styles include the standard
(40-foot) bus, articulated (60-foot) buses, and, in Curitiba, bi-
articulated buses. Some double-deck buses operate in L eeds,
and Houston's BRT service uses over-the-road intercity
coaches. It isimportant to note that almost every city cited
in the United States and Canada, except Los Angeles and
Vancouver, operates or will operate articulated vehicles.
Figure 9 shows the dual-mode articulated bus that will be
used in Boston’ s South Pier Transitway. Rouen, Boston, and
Cleveland operate or plan to operate special BRT vehicles
rather than conventional buses.

Propulsion. Standard diesel buses predominate; however,
atrend in North Americaisto use “clean” vehicles such as
CNG or hybrid diesel-electric vehicles (asin Los Angelesand
Cleveland). Seattle and Boston operate or will operate dual-
mode electric trolley and diesel or CNG buses. The Irisbus
Civisvehicle used in Rouen, France, isa“new design” diesel
or CNG €lectric vehicle with train-like features and the abil-
ity to be guided. Thisvehicleis shown in Figure 10.

Figure9. Dual-mode articulated bus.
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Figure 10. Irisbus Civis vehicle used in Rouen.

Floor Height. Anincreasing number of systems operate
low-floor vehicles to make passenger boarding and alight-
ing easier. Busesin Bogot4, Curitiba, and Quito have high-
platform boarding and alighting. Although these vehicles
reduce passenger service times, their operation is limited to
the BRT lineswith high-platform stations. This dramatically
reduces their operating flexibility.

Door Arrangements. The need for better door arrange-
ments on buses used in BRT service is increasingly recog-
nized. Existing door arrangements have been a major con-
straint to shortening dwell times on many North American bus
systems. Many articulated buses have three double-stream
doorsand onesingle-stream door. The bi-articul ated buses used
in Curitibahavefivesetsof doors. Therail-likearticulated Iris-
bus Civis vehicle has four doors.

Doorsaregeneraly located on theright sidefor North Amer-
ican and French systems and on the | eft side for buses operat-
ingin Australiaand Great Britain, although left-hand doorsare
availablefrom many manufacturers(e.g., Irisbusand Gillig) to
support center platform stations. The*“ direct buses’ in Curitiba,
which operate along one-way arterials, haveleft-side doors, as
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do buses operating in Bogota. Some of the buses operating in
Sao Paulo have doors on both sidesto better servevarious plat-
form arrangements.

Design Features. Several BRT systems have dedicated
vehicleswith specia identity and livery. Bogotd, Curitiba, and
Los Angeles use red buses for their BRT services. Honolulu,
Quiito, and Vancouver have digtinctively striped buses. Rouen’s
Irishus Civis vehicles and Bogotad' s TransMilenio buses have
modernistic rail-like styling and a futuristic appearance and
could serve as prototypes for future BRT vehicle designs.
Rouen'’ sIrisbus Civis buses have aminimum aid e width of 34
inches end to end.

ITS

Selected applications of ITS technologies used in BRT
operationsareset forthin Table A-7in Appendix A. The appli-
cations shown cover (1) automatic vehiclelocation (AVL) sys-
tems; (2) passenger information systems (e.g., automated sta-
tion announcements on vehicles, real-time information at
stations); and (3) traffic signal preference/priorities.

BRT systems using AVL systems include Boston (under
construction), Hartford (under development), Los Angeles,
Vancouver, Brisbane, Sydney (proposed), and Bogota.

Systemswith passenger information systemsinclude Boston
(under construction), Hartford (under development), Ottawa,
Pittsburgh (some buses), Vancouver, Brishane, Los Angeles's
Metro Rapid bus, and Curitiba.

Systems having traffic signal timing prioritiesor special bus
phases include Cleveland (under development), Los Angeles,
Vancouver, and Rouen. The Metro Rapid linesin Los Ange-
les, for example, can get up to 10 seconds of additional green
time when buses arrive at a signalized intersection. However,
at major crossroads, advancing or extending the greentimefor
buses can take place only every other cycle. Bus signa pre-
emption along South Miami—-Dade Busway was removed
because of increasesin accidents. The Brazilian cities of Porto
Alegre and Sao Paulo have bus platoon dispatching systems
(Commonor) that are used to increase bus and passenger
throughpuit.

Service Patterns

The types of BRT service provided in the various BRT
case studiesareshownin Table A-8in Appendix A. The spe-
cific patterns reflect the types of running ways and vehicles
utilized. Most systems provide express or limited-stop ser-
viceslaid over an all-stop (or local) service that operateslike
an LRT line. Some also have feeder bus lines that serve
selected stations.

Busways—either along separate rights-of-way or within
street medians—can havebasic“ all-stop” servicewith an over-
lay of express operations during peak periods. In afew cases,

such as Cleveland and Curitiba, the express service is or will
be provided along nearby paralld streets. BRT operationsin
mixed traffic—asin Honolulu, Los Angeles, New Y ork City,
and Vancouver—provide limited-stop service. Locd bus ser-
vice is also operated along the streets, as part of the normal
transit service. Rouen’s BRT system also provides limited-
stop service along arterial streets.

Thebustunnelsin Boston and Seattle are located in down-
town aress. All buses make all stopsin the tunnels.

The “guided buses’ in Leeds and Eugene essentially pro-
vide all-stop service. Quito’s Trolebus service also stops at
all stations.

Buses operating in New Y ork City’ sreverse-flow express-
way bus lanes run express and do not make intermediate
stops. Buses using median expressway lanes in Charlotte's
and Houston’s HOV lanes also operate nonstop; there are no
intermediate stops. However, in Houston, there are a number
of routes that exit the HOV lanes on dedicated bus ramps,
enter transit centers or park-and-ride lots to drop off or pick
up passengers.

In most systems, the BRT service extends beyond the lim-
its of busways or buslanes. Thisflexibility isanimportant ad-
vantage of BRT as compared with rail transit. However, three
BRT systemsin South America operate only within the limits
of the specia running way, mainly because of door arrange-
ments, station platform heights, and/or propulsion systems.
These systems, including Bogot&' s TransMilenio, Curitiba's
median bus service, and Quito’ s Trolebus, actually function as
though they wererail rapid-transit lines.

2.B.4 Performance

Performance characteristics of theexisting BRT systems, as
measured by passengers carried and travel speeds, are shown
in Table A-9 in Appendix A. Performance varies widely,
reflecting factors such as facility location, size of the urban
area, and type of facility (e.g., off-street or arterial).

Weekday Riders

The weekday ridership reported for existing systems in
North Americaand Australiaranged from about 1,000 riders
in Charlotte to 40,000 or more in Los Angeles, Seattle, and
Adelaide. Specific ridership figures are shownin Table 9.

Daily ridership in South American cities is substantially
higher. Reported vaues for specific facilities include 150,000
riders per day in Quito, 230,000 in Sao Paulo, and about
600,000 in Bogota. Reported system riders exceed 1,000,000
in Belo Horizonte, Curitiba, and Porto Alegre.

Peak-Hour Bus Flows

Where there are no intermediate stops, peak-hour, peak-
direction bus flows on dedicated freeway lanes can exceed



TABLE 9 Ridership figuresfor selected BRT systems

Bus Subways Seattle 46,000
Busways Ottawa 200,000
Brisbane 60,000
Pittsburgh 48,000
Adelaide 30,000
San Bernardino 18,000
(Los Angeles)
Miami 12,000
Harbor 9,400
(Los Angeles)
Charlotte 1,000
Arterial Streets Wilshire 55,000
(Los Angeles)
Vancouver 14,000-24,000
Ventura 10,000
(Los Angeles)

650 buses per hour (e.g., on the New Jersey approach to the
Lincoln Tunnel and the Port Authority of New Y ork/New
Jersey Midtown Bus Terminal.) The Ottawa Transitway sys-
tem reports bus volumes of 180 to 200 buses per hour along
downtown bus |anes. These volumes result from high use of
fare passes, an honor fare system on the Busway All-Stop
routes, and use of multidoor articulated buses. Over 140 buses
per hour use the busiest section of Brisbane's South East
Busway.

Peak-hour flows of over 100 buses per hour are found in
the contra-flow bus lanes on New Y ork City’sLong Island
Expressway and Gowanus Expressway. Most other BRT
facilities in the United States and Australia have less than
100 buses per hour. Flows of about 50 to 70 buses per hour
aretypical.

The South American arterial median bus lanes that have
passing capabilities at stations carry as many as 300 buses
per hour one way at the maximum load point.

Peak-Hour, Peak-Direction Riders

Peak-hour passenger volumes carried past the maximum
load points exceed 25,000 on the approach to the Lincoln Tun-
nel in New Y ork, on Bogota s TransMilenio four-lane busway,
and along the Farrapos Busway in Porto Alegre. Peak-hour
passenger volumes approach 20,000 on median busways in
Sap Paulo and Porto Alegre. Ridership in Quito, Ottawa, and
Curitibais in the 8,000-12,000 range. Brishane's South East
Busway carries 9,500 people one way in approximately 150
buses during the peak hour. Its capacity has been estimated at
11,000 persons per hour. The ridership seen in the interna
tional case studies equals or exceeds the number of LRT and
metro passengers carried in most U.S. and Canadian cities.
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BRT operating speeds depend upon the type of running way
and service pattern. Where busesrun nonstop on reserved free-
way lanes, revenue speeds of 40 to 50 miles per hour are com-
mon. When the service patterns include stops on reserved or
dedicated lanes, buses generally average 20 to 30 miles per
hour, depending on top spacing and dwell times. These speeds
are comparable with LRT speeds for the same type of operat-
ing environment. The slower speeds recorded along Miami’s
busway reflect stops and traffic signal delays at signalized
intersections along the busway.

Average speedsfor BRT operationsalong arterial streetsin
the United States and Canada range from 8 to 14 miles per
hour in New York City to 15 miles per hour along Wilshire
Boulevard and 19 miles per hour along VenturaBoulevard in
Los Angeles.

“Express’ operations along Curitiba' s one-way streets and
Bogota s TransMilenio busway are approximately 19 milesper
hour. Buses making all stops along median busways in South
Americaaverage 11to 14 milesper hour. These speedsarelow
when compared with BRT operationsin the United States and
Canada. However they represent dramatic improvements over
local bus speeds and are often faster than automobile speeds.

2.B.5 Benefits of BRT

BRT systems have achieved important benefitsin terms of
travel time savings, increased ridership, land development
impacts, and improved safety.

Travel Time Savings

Reported travel time savings resulting from BRT opera-
tionsare shownin Table A-10in Appendix A. These savings
are shown as the percent change in speeds, the total time
saved in minutes, and the minutes saved per mile of travel.

Travel time reductions resulting from the introduction of
BRT services have sometimes exceeded 40%. Bus operations
in exclusive freeway lanes or busways have achieved travel
time savings of 47% in Houston, 44% in Pittsburgh, 38% in
Los Angeles, and 32% in Adelaide compared with local bus
routes. Segttle’s bus tunnel has achieved a 33% reduction in
bus travel times for the CBD portion of bus routes.

BRT service aong arterials has achieved travel time sav-
ingsof 23%to 28%in LosAngeles, 29% in Porto Alegre, and
32% in Bogota compared with the fastest aternative bus ser-
vices. Thetime savingsin Los Angeles are impressive in that
buses operate in mixed traffic. These time savings have been
achieved by increasing the spacing between stops and by pro-
viding up to 10 seconds of additional green time at signalized
intersections using asigna priority system.

Total time savings range from 5 minutes at Seettle’s bus
tunnel to over 20 minutes along Pittsburgh’s East and West
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Busways. Most facilities achieve time savings of 2 to 3 min-
utes per mile.

Busways and reserved bus lanes on freeways that bypass
traffic backup on approaches to river crossings save up to
7.5 minutes per mile. Busways on partially grade-separated
rights-of-way generally save 2 to 3 minutes per mile over the
previousbusservice. BRT lineson arterial streetstypicaly save
1to 2 minutesper mile. The savingsare greatest wherethe pre-
vious bus routes experienced major congestion.

Ridership Increases

Reported increasesin busridersaregivenin Table A-11in
Appendix A. Theincreases reflect the provision of expanded
transit service, reduced travel times, improved facility iden-
tity, and overall population growth. Collectively, theincreases
clearly demonstrate that BRT can attract and retain new,
even discretionary, riders.

Some evidence suggests that many of the new riders were
previously motorists and that improved bus service resultsin
more frequent travel. In Houston, for example, up to 30% of
theriders were new riders, and up to 72% were diverted from
automobiles. In Los Angeles, the Metro Rapid bus service,
which operates in mixed traffic, had about a 33% increase in
riders. Theincrease was made up of new riders, ridersdiverted
from other corridors, and people who rode transit more often.
In Vancouver, 20% of new riders previoudy used automo-
biles, 5% represented new trips, and 75% were diverted from
other buslines.

Addaide sGuided Busway reported a76% gaininridership
at atimewhen overall system ridership declined by 28%. Bris-

bane’ s South East Busway reported over a40% gain in riders
during thefirst 6 months of service and areduction of 375,000
automobile trips annualy.

Operating and Environmental Benefits

The travel time savings associated with buses operating on
their own rights-of-way have also achieved operating costsand
safety and environmental benefits, as shown in Table 10. All
cost savings are reported in U.S. dollars.

The Ottawa Transitway requires 150 fewer buses than if
the Transitway system did not exist, resulting in savings of
roughly $49 millionin vehicle costsand $19 millionin annual
operating costs.

Sesttle’ sbus tunnel has reduced surface street bus volumes
by 20%. Buses using the tunnel also had 40% fewer accidents
than in mixed-traffic operations.

Bogota's TransMilenio busway had 93% fewer fatalities.
In addition, a40% drop in pollutants was recorded during the
first 5 months of operation.

Curitiba uses 30% less fuel per capita for transportation
than other major Brazilian cities. This has been attributed in
part to the success of the BRT system.

Land Development Benefits

Like other rapid rail transit modes, BRT stations can pro-
vide afocal point for transit-oriented development. Reported
land development benefits and other benefits are shown in
Table 10. Ottawareported over $675 million in new construc-

TABLE 10 Ben€fits, selected BRT systems

SYSTEM

LAND DEVELOPMENT BENEFITS

Pittsburgh East Busway

59 new developments within a 1500-ft radius of
station. $302 million in land development benefits,
of which $275 million was new construction. 80%
is clustered at station.

Ottawa Transitway System

$1 billion in Canadian dollars ($C) in new
construction at Transitway stations.

Adelaide Guided Busway

Tea Tree Gully area is becoming an urban
village.

Brisbane South East Busway

Up to 20% gain in property values near Busway.
Property values in areas within 6 miles of station
grew 2 to 3 times faster than those at greater
distances.

OTHER BENEFITS

Ottawa Transitway

150 fewer buses, with $58 million ($C) savings in
vehicle costs and $28 million ($C) in operating
costs.

Seattle Bus Tunnel

20% reduction in surface street bus volumes. 40%
fewer accidents on tunnel bus routes.

Bogot4 TransMilenio Median Busway

93% fewer fatalities. 40% drop in pollutants.

Curitiba Median Busway

30% less fuel consumption per capita.




tion around Transitway stations. Pittsburgh reported $302 mil-
lionin new or improved developments along the East Busway
stations. Vauesof property located near Brisbane' s South East
Busway grew two to three times as fast as the values of prop-
erty located at greater distances. These impacts are similar to
those experienced along rail trangit lines.

In the cases of severa of the BRT systems studied, local
governments implemented land use planning policies that
encouraged development near BRT facilities. In the Ottawa-
Carleton region, major developments such as regional shop-
ping centers are required to locate near the Transitway. In
Curitiba, the arterial median busways areintegral parts of the
structural axes along which high-density development has
been fostered.

2.B.6 Costs

Costsfor BRT systemsvary widely depending on the BRT
elements being implemented (e.g., running ways, vehicles,
etc.) and the location, type, and complexity of construction.
Development costsfor the BRT systemsin the case studiesare
shown in Table A-12 in Appendix A. For the implemented
systems, these costs reflect those incurred at time of construc-
tion. The costs per mile of facility are also shown. A compar-
ison of the costs shows the following:

* Costs for bus tunnels range from about $200 to $300
million per mile, including stations.

* Costs for busways on their own rights-of-way display a
wide range, depending upon the year they were built and
ease of congtruction. The values cited range from about
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$6 to $7 million in Los Angeles, Miami, and Pittsburgh
(South Busway) to about $20 million per milefor the East
Busway in Pittsburgh and the recently completed South
East Busway in Brisbane. The high cost of Pittsburgh’s
West Busway—about $53 million per mile—was due to
the hilly terrain traversed, a major tunnel rehabilitation,
and an expensive freeway interchange at the outer termi-
nus of the busway.

* Costs for arterial street median busways have been
reported as about $1.5 million per milein Curitiba, $5 to
$8 million per milein Bogotaand Quito, and an estimated
$29 million per milein Cleveland.

* Costs for mixed-traffic operation have generally been
lessthan costsfor BRT systems with dedicated running
ways. The costsreported for guided bus systemsinclude
$2.4 million per mile of guideway in Leeds, $7 million
per mile in Rouen, and less than $8 million per mile
expected in Las Vegas.

Information on busway maintenance costs was only avail-
able for Pittsburgh’'s East Busway. These costs averaged
$110,000 per mile per year for 7 miles.

Operating costs for BRT service are influenced by wage
rates and work rules, fuel and electricity costs, operating
speeds, and ridership. Operating costs for Pittsburgh’s East
Busway and South Busway (1989) averaged $0.52 per pas-
senger trip. Costs per trip for light rail linesin Buffalo, Pitts-
burgh, Portland, Sacramento, and San Diego averaged $1.31;
the cost range was from $0.97 (San Diego) to $1.68 (Sacra-
mento). These comparisons suggest that BRT can cost less
per passenger trip and per mile than LRT, depending on the
situation (16).
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