The BRT Planning Guide



Welcome to the BRT Planning Guide, 4th Edition.

This is the first major update of the guide since the 3rd edition in 2006. It has
been reorganized and expanded with much more information and depth on certain
topics, including:

« more detailed and enhanced chapters on service planning, demand anal-
ysis, and speed and capacity

consolidated and expanded information on communications,
« new chapters on institutional issues, contracting, and financial modelling,
« more information on physical design — expanded to seven chapters, and
« more complete chapters of different types of integration, from walking

and cycling to multimodal integration.

This is still a work in progress and is in the process of being finalized. If you see
something wrong, please let us know. That said, we are excited to have this version
online. This will allow for more dynamic updating and more involvement from the
community. We are also developing a PDF version for download and use offline.

If you have found a problem, would like to make a suggestion or are interested
in contributing to the guide, please email us at brtguideg@itdp.org.

You can browse the repository where all the content is stored and managed; it’s
also possible to report an issue or propose a change there. To simplify collaboration,
the project is hosted on GitHub:
https://github.com/ITDP/the-online-brt-planning-guide

To navigate through the guide...

Whether you are browsing the guide online or viewing the PDF, you can find the
Table of Contents essentially on the left - in the left-side menu. Click on a volume
title and it will expand with the chapters beneath it, while taking you to the landing
page for that volume. To go to a particular chapter, click on the chapter name in the
left-side menu. And to get to the different subsections, you click on those as well.

Additionally, you can also use the "breadcrumbs” at the top — but only available
online - to see at a glance the path you have taken within the guide.

And finally, a brief introduction...

Cities are faced with the tremendous challenge of providing residents access to
jobs, education, and public services, all while not exhausting the finite environmen-
tal, social, and economic resources available to them. At the same time, just over half
of all people currently live in cities, and that proportion is projected to grow to two
thirds of the global population by 2050. Further, the challenges of providing access
and mobility to a growing population are only compounded more by the ramifications
of climate change, which are not distributed equitably, as well as growing disparity
and inequity globally. Fortunately, leaders at international, national, and city lev-
els have turned a corner, as seen with the Paris Climate Agreement and Habitat III,
to not just strive towards sustainable and equitable transport, but actively set goals,
take action, and hold themselves accountable.

Although much progress is still needed, climate action is gaining momentum,
and the movement must address inclusivity, air pollution and urban development in
order to reach its goals. An over-dependence and prioritization of single-occupant
vehicles has exacerbated air and noise pollution, traffic congestion, sprawling devel-
opment, and traffic fatalities. Cities need to invest in a more complete set of sustain-
able mobility options that shift people away from driving cars, while simultaneously
reforming their planning policies to develop around dense corridors with public trans-
port and accessible amenities. At the heart of this strategy is providing high-quality
public transport for all people.

Bus Rapid Transit (BRT) has risen to the task of providing high-quality trans-
port, particularly during the past decade (2004 — 2014) in which BRT has grown by 383
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percent in cities around the globe. With roots in South America, BRT began in Cu-
ritiba, Brazil in 1972, and it is a cost-effective, bus-based rapid transit system, which
can achieve high capacity, speed and service quality. The system accomplishes this
through a combination of features: segregated bus lanes that are typically median
aligned, off-board fare collection, level boarding, bus priority at intersections, and
other quality-of-service elements (examples include information technology and ef-
fective branding).

Because BRT is cheaper to plan and implement and can be done in relatively
short timeframes for infrastructure projects, BRT can be an effective and efficient
tool for achieving the goal of provising high-quality public transport for all people. By
requiring less time and money for implementation, BRT empowers cities to become
resilient and adaptable to urban growth and climate change. Coupling this imple-
mentation with on-the-ground community engagement in underserved areas, cities
can ensure equitable access and mobility for those residents who need high-quality
public transport the most.

The BRT Planning Guide details the steps of the planning process for a BRT sys-
tem. Lloyd Wright developed the first two versions of the guide, which were published
through the Sustainable Urban Transport Project (SUTP) of the Deutsche Gesellschaft
fiir Internationale Zusammenarbeit (GIZ). Walter Hook and the Institute for Trans-
portation and Development Policy (ITDP) collaborated with Lloyd Wright on the 3rd
Edition, upon which this Guide was developed. Both Lloyd Wright and Walter Hook
were the visionaries for the update to this Guide and were instrumental in the devel-
opment of this 4th Edition.

The chapters of the guide are grouped in the following volumes: Volume I:
Project Preparation, Volume II: Operations, Volume III: Communications and En-
gagement, Volume IV: Business Plan, Volume V: Technology, Volume VI: Infrastruc-
ture, Volume VII: Integration. Within these volumes are 33 chapters that touch on a
variety of topics essential to the planning of a BRT system, including: project initia-
tion, demand analysis, service planning, communications, public participation, cost-
ing, marketing, evaluation, contracting, operational planning, vehicles and stations,
roadway design, control centers, modal integration, operating technology, transporta-
tion demand management, and transit-oriented development. Content has been ex-
panded based on recent projects, which have deepened the base of knowledge for this
guide, and in particular more content has been developed for the chapters on service
planning, communications, the business plan, and multi-modal integration.

Fortunately for cities, the technology for providing high-quality public trans-
port have been developed, tested, and documented in cities around the world. It is
instead the political will and planning processes that need to be developed to push
past auto-centric development in which cities have become gridlocked. Using these
building blocks of BRT, this guide hopes to provide parties delivering public trans-
port services to urban areas a process with step-by-step documentation. This au-
dience includes municipal planning professionals, planning consultants, as well as
non-governmental organizations and civic organizations involved in transport, envi-
ronment, and community development. Other potential stakeholders include busi-
ness groups, regional and national government agencies, and international develop-
ment organizations. With proper planning and investment, high-quality BRT can
help mitigate the effects of climate change and catalyze the movement towards a
more livable and sustainable scale of development for all people.



VOLUME 1

Project Preparation



Volume 1 lays the groundwork for initiating a Bus Rapid Transit (BRT) system
from the initiation of a project to sparking real momentum that will bring the project
into reality.

BRT systems have become increasingly popular as a cost effective way for cities
around the world to provide high quality transit. However, it is crucial to the success
of a project’s development that a driven and committed group of people advocate
for BRT (Chapter 1), explain how the system works and the reasons why it is needed
(Chapter 2), and capture the necessary political commitment and leadership to cat-
alyze a fully comprehensive setup and planning process (Chapter 3).

Project teams will need to look at a number of factors that are described in de-
tail in Volume I, as these will determine the BRT system potential for success. These
include: capital and operating costs, performance, flexibility, scalability, implemen-
tation speed, and the impact the system will have socially and environmentally on the
immediate surroundings of the system as well as the metropolitan region as a whole.

The first three chapters of the BRT Planning Guide delve into these factors among
others while providing examples of how advocates, governments, and citizens alike
have provided the vision, leadership, and action to see the project through and launch
a successful BRT system.



1. Project Initiation

“Never doubt that a small group of thoughtful, committed citizens can change
the world. Indeed it is the only thing that ever has.”

— Margaret Mead, anthropologist, 1901-1978

A decade ago, despite the existence of a few exceptional examples in the world
today, the transformation of public transport conditions was a relatively rare event.
Over the past decade, the number of kilometers of BRT worldwide has increased by
more than 300 percent. Kilometers of light rail transit (LRT) and metro, while also in-
creasing, did not grow at such a rate. BRT has proved itself a viable means for provid-
ing mass transit, with easy scalability, low costs, and operational and implementation
advantages.

As BRT systems have spread around the world, some have had problems in plan-
ning, implementation, or operation, mainly due to the lack of one or more key ele-
ments in their development. Cultivating public and political will toward changing ex-
isting public transport conditions is perhaps the most important activity discussed in
this planning guide. Strong political will, coupled with public investment and desire
in an improved public transport system (and effective participation of civil society),
make for a successful project. Without either of these factors, it is unlikely that a
project will survive the myriad challenges posed by special-interest groups opposed
to the endeavor. With both political will and public support and participation, success
is much more likely.

This chapter outlines a few mechanisms to help groups interested in initiating
a project to improve a city’s urban transport system. This chapter also cites exam-
ples of how some cities have achieved political commitment for a project and how
that support has been translated into a wider vision for a transformation of public
transport operations.

Contributors: Carlos Pardo, Despacio; Annie Weinstock, BRT Planning Interna-
tional

1.1 Project Catalyst

“To accomplish great things, we must not only act but also dream. Not only
plan but also believe.”

— Anatole France, writer, 1844-1924

Before a customer boards a new system, before a new line is constructed, and
before a plan is developed, a person or a group of people must decide that action is
required to improve a city’s public transport system. The inspiration may come from
a private-sector operator, a civil servant, a political official, a civic organization, or
even just a concerned citizen. Nevertheless, without someone acting as a catalyst, a
city’s public transport potential will likely go unrealized.

The inspiration for a new public transport vision may stem from reading about
alternatives, seeing a photo, visiting other cities, or a person’s simply asking “what
if?” In many cases, the catalyst may unfortunately originate from the dire conditions
of public transport in much of the world today. When poor customer service, extreme
levels of discomfort and insecurity, and official neglect characterize public transport
conditions, the issue can become a principal topic of public discourse. In too many
cases, corrective actions are only undertaken once conditions become truly unbear-
able.

Because most top officials do not generally utilize public transport, improving
the poor conditions of many systems is often not part of the political agenda. In-
stead, the impetus may fall on public transport customers and citizen groups who are

10000

000 —BRT
—LRT

Lo Mot

4000

2000

g

PIILELSIELSEEPP S

Figure 1.1. Growth in kilometers of mass transit op-
tions around the world. /TDP.



closer to the day-to-day realities. In some instances, public transport customers have
formed their own organizations to demand improved conditions. In Los Angeles, the
Bus Riders Union has successfully launched several campaigns to convince decision
makers to expand bus-priority lanes, as well as to modernize the vehicle fleet (Figure
1.2). In Bogotd, Colombia, “user leagues” of various types have been created by cit-
izens in recent years to constructively criticize their BRT and its operations, and in
many cases this has resulted in improvements to the system.

In other instances, environmental organizations have led the charge due to the
unsustainable nature of existing conditions, especially when private-vehicle usage
begins to overwhelm a city’s streets and greatly harm the area’s air quality. Often
an engaged civic vanguard can advocate for innovative ideas, provide examples of
new solutions, and build a constituency for risky change, as is discussed in the study
The People’s History of Recent Urban Transportation from TransitCenter, a founda-
tion that sparks innovations and supports policies that improve public transporta-
tion for riders, businesses, and communities. The report argues that a strong civil
sector is critical in directing public support for new projects and innovative ideas and
that helps build support from the political leadership—helping mitigate the risks from
change.

In a similar manner, groups concerned with deteriorating urban conditions,
such as physicians, air-quality professionals, tourism specialists, and police, may also
play a role in propagating the need for change. Additionally, university researchers
and staff can provide the technical evidence of the costs of existing conditions, as well
as be sources of new ideas. In Delhi, India, staff from the Indian Institute of Tech-
nology were instrumental in the implementation of the city’s new BRT system. CEPT
University in Ahmedabad, India, was a main player in planning the Janmarg system.

Likewise, poor conditions for drivers, conductors, and transport owners may
stimulate a search for a better model. In many instances in lower-income countries,
the private-sector interests delivering public transport services in cities struggle to
make a living. Through awareness of successful models in cities such as Bogota,
Colombia and Curitiba, Brazil, private operators can see that forming an integrated
network and providing a higher level of service can indeed lead to greater profit. Thus,
the private sector may well provide the inspiration for change. Luckily, this same phe-
nomenon has started to happen with many other transport operators in cities where
BRT systems have been implemented, creating a greater consolidation of a profes-
sionalized transport operation in these cities.

The news media may also play a prominent role in raising awareness of existing
conditions. Articles, images, and films of poor-performing public transport services
can help coalesce public opinion around the need for change. Further, articles and
video on successes in other cities may stimulate many to ask why the same could
not be done in their own city. The recent surge of BRT systems has also helped in
providing the media with examples to make the case for BRT in cities where public
transport conditions are poor.

Finally, international organizations can play a vital role in facilitating infor-
mation sharing between projects, as well as providing direct financial and technical
assistance to cities. Such organizations can help share experiences, raise awareness
among local groups, and build the local capacity for a new project to take hold. Inter-
national nongovernmental organizations such as the Institute for Transportation and
Development Policy (ITDP), the WRI Ross Center for Sustainable Cities—the EMBARQ
transportation program, GiZ, and the Energy Foundation have been instrumental in
providing cities with both the inspiration for change and the tools to achieve it.

The international private sector is also now playing an increased role in rais-
ing awareness of public transport options. For example, Volvo partners with mu-
nicipalities in places such as India to build the capacity for options such as BRT, and
Mercedes-Benz has created a full initiative of BRT information and promotion. While
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Figure 1.2. The Los Angeles Bus Riders Union has
proved that people power can catalyze more progres-
sive policies. Bus Riders Union.

Figure 1.3. GiZ delivers training courses with hands-
on examples with local policy makers. Carlosfelipe
Pardo.



private firms clearly have their own commercial incentives for favoring one technol-
ogy over another, these firms can help put forward ideas within the context of a com-
petitive marketplace.

Bilateral and multilateral agencies such as the Asian Development Bank, the
World Bank, the Inter-American Development Bank, the Swedish International De-
velopment Agency (SIDA), and the United States Agency for International Develop-
ment (USAID) have all helped facilitate public transport initiatives.

International funding organizations, such as the Global Environment Facility
(GEF) and the Hewlett Foundation, are likewise key catalysts in this process. Further,
international financing organizations, such as the World Bank and regional develop-
ment banks, not only help financially support projects, but also often work to raise
awareness and provide supportive guidance.

Additionally, international organizations, such as the Clean Air Initiative (CAI),
the United Nations Centre for Regional Development (UNCRD), the United Nations
Human Settlements Programme (UN-Habitat), the United Nations Development Pro-
gramme (UNDP), and the United Nations Environment Programme (UNEP), have also
provided assistance to cities on sustainable transport issues. Municipalities thus have
a plethora of international resources at their disposal to undertake a public transport
improvement initiative. In many cases, it is merely a matter of contacting the right
individuals to make such cooperation available.

Finally, climate-related initiatives, such as the German International Climate
Initiative and others, have created specific funds to improve the likelihood of suc-
cessful projects. Climate funding in general has become a suitable means to provide
support to bus rapid transit implementation.

From the concerned individual to a local civic organization, to universities, the
news media, and international groups, a range of parties can spark change toward
improved urban transport. Any city can take advantage of these linkages to catalyze
change. However, to date, most cities have not taken such a transformative step.
While the gulf between problem recognition and construction of a modern public
transport system seems quite daunting, this chasm can be overcome with the array
of resources now available to cities. Very often, just one individual can provide the
initial spark.

1.2 Political Commitment

“I have never learned to tune a lute or play upon a harp, but I can take a
small and obscure city and raise it to greatness.”

— Themistocles, Athenian statesman, 525 BC-460 BC

Ultimately, though, a project concept must enter the political mainstream in
order to move toward official development. A leading political official must make a
strong commitment to overhauling the city’s public transport system. Political will
and commitment are probably the most critical and fundamental components in mak-
ing a new system a reality. Outside groups can certainly help create the right condi-
tions for project consideration, but as a public good, public transport requires politi-
cal support to become a reality.

While almost all political officials will claim to hold strong political will and
commitment to public transport, the reality is often quite different. Is an official
willing to give priority road space to public transport over private vehicles? Will the
official risk upsetting powerful lobbying groups, such as existing transit operators and
private motorists? Will the officials seek out the best technical help they can find, and
the best financial resources to make a project happen? Convincing officials to say yes
to each of these questions is the basis of establishing project commitment. “Political
will” are just words until backed up by tangible evidence of a serious intent to fully

implement a project.



There are some risks associated with having one particular individual or party
largely responsible for developing a bus rapid transit project. In Bogota and Guadala-
jara, Mexico, for example, the fact that one politician or political party promoted and
implemented the BRT system has made it more difficult to expand after that indi-
vidual left office. Thus, political will is important to the success of the project, but
the initiative itself should be neutral—associated more with the city itself and not an
individual.

1.2.1 Political Officials

The creation of a political environment suitable to introducing a new public transport
system can depend on many factors. There is no set amount of time required or set
series of events. In the case of cities such as Bogotd and Curitiba, the election of dy-
namic mayors who entered office with a new vision was the determining factor. Both
former Mayor Enrique Penalosa of Bogota and former Mayor Jaime Lerner of Curitiba
came to office with a strong intent to improve public space and transport (Figures
1.4 and 1.5). They also possessed a base knowledge of these topics and brought with
them highly trained professionals as their core staff. In such instances, the progress
toward system planning happens almost immediately.

In other instances, a long period of persuasion and information gathering will
precede the commitment. Naturally, the more senior the political figure leading the
cause, the more likely the official’s influence can lead to action. Thus, mayors and
governors are the logical targets for gaining political support. In many cases, as in
Jakarta, Indonesia, key local politicians often quickly realize that BRT can help them
politically because it can show results within the length of their administration. In
some developing cities, support from national ministry officials may also be necessary
for project approval. The role of national officials may be particularly important in
capital cities.

In many instances, a mayor or governor will lack the necessary background on
transport or urban planning issues. It requires confidence to grapple with a widespread
transformation of the public transport system. In such cases, building the trust of
the decision makers and giving them the necessary confidence to implement such a
seemingly far-reaching proposal will be key. Political officials will be averse to risk
with key constituencies, such as car owners and transit operators, unless the issue is
a core part of their platform.

Further, mayors and governors are busy individuals juggling an array of issues
and interests. The amount of time these officials can devote to a studied considera-
tion of a public transport transformation is limited. For this reason, it may be more
effective to target the top advisers of a mayor or governor. Such individuals may be
able to give the idea greater attention, and then subsequently be in a position to make
a trusted recommendation to the official.

However, even in the absence of support at the highest levels, a strategy to be-
gin influencing officials at lower levels may still merit effort. Fortunately, there are
many other starting points within the city’s political and institutional environment.
Deputy mayors, deputy governors, and councillors are also relevant positions from
which a project can be launched. Among such officials, it may be more likely to find
a specialist with a background in transportation, environmental issues, urban plan-
ning, or other related fields. In such cases, the learning curve will likely be less. In
Johannesburg, South Africa, the effort was led by a councillor who was the adviser to
the mayor on transportation.

Another useful starting point can be unelected officials holding key positions
within municipal institutions. Directors and staff within departments of planning,
public works, environment, health, and transportation will all likely play a role in
any eventual project. Without the support of such officials and staff, institutional

Figure 1.4. Enrique Penalosa, former mayor of Bo-
gota, transformed the city with BRT. Por el Pais que
Queremos (PPQ).

Figure 1.5. Jaime Lerner of Curitiba is among former
mayors whom transformed their cities with BRT. Jaime
Lerner Foundation.



inertia can delay and weaken implementation. Further, these officials often have a
direct relationship with top elected officials. During their daily or weekly briefings,
technical staff can prompt a discussion of public transport options. A concept be-
ing supported by both citizens’ groups and departmental directors will stand a better
chance of approval by a mayor than a project being pursued by just one outside group.

The best strategy is to approach all relevant officials, both elected and appointed,
who may be influential on public transport. Even if an official is unlikely to become
an overt supporter of a public transport initiative, eliminating the threat of overt op-
position is equally important. Thus, an initial preemptive session with the potential
opposition can be vital to reducing any strongly negative reactions. Much care must
be given to the manner in which the issue is presented to any given audience. In fact,
the key points to be stressed will likely vary from one official to another, given their
different starting points and initial understanding of mass transit options.

One common and rather unfortunate complication is the existence of oppos-
ing political parties in key positions overseeing the project. For example, if the local
government control is held by one political party while the regional or national gov-
ernment is held by another party, then cooperation to make the project a reality may
be lacking. The lack of cooperation between national and local officials scuttled the
Bangkok BRT project until it was finally launched in May 2010 after various delays.
While local government will typically have direct implementation responsibility, ap-
proval from the national government could be required for either budgetary or le-
gal reasons. In Colombia, the success of TransMilenio in Bogoté generated a strong
commitment to implement eight more BRT systems throughout the country, with a
contribution of up to 70 percent from the national government. Something similar
happened in India, where the Jawaharlal Nehru National Urban Renewal Mission (JN-
NURM) was developed as a financing mechanism to implement suitable public trans-
port solutions for its cities, some of which have been designated as BRT systems.

The duration of the political administration’s time in office (and the possibil-
ity for reelection) is also another key factor to consider. If a mayor or governor has
only a short time remaining prior to an election, then such officials may be reluctant
to embark upon bold initiatives. The risk of alienating potential voting groups can
override any political boost that a project announcement could garner. Further, once
an incumbent takes a strongly favorable position on a public transport option, this
position may imply an equal and opposite reaction from the opposition candidates.

For these reasons, catching political officials at the earliest stages of their time
in office provides the best chance for achieving commitment to implementation. Of-
ten, a major selling point for mayors and governors of an option such as BRT is that
it can be built easily within a single term of office, helping establish the politician’s
career. It may also be effective to introduce public transport options even prior to
officials taking office. Providing information to staff within the major political par-
ties can be a worthwhile investment of time and effort. Identifying potential future
leaders and establishing a mentoring relationship with them can be equally useful.

1.2.2 Awareness-Raising Mechanisms

There are several different mechanisms available to help alert political officials to
the potential of various public transport improvement options. These mechanisms
include:

« Site visits to successful public transport systems;

« Tours of own city’s existing public transport services;

« Visits from successful mayors and other successful implementers, such as

the directors and commissioners of transport departments;
 Basic information provision on options;
« Videos on public transport improvement examples;



« Simulation videos of potential systems in the particular city;
e Physical models of public transport options;
« Pre-feasibility study.

These various mechanisms are not mutually exclusive, as several different in-
formation techniques can be combined to build a case on the need for change. Fre-
quently, all it takes to generate political interest is to provide fairly basic information
to mayors and other decision makers.

In most cases, however, firm political resolve only comes after chief decision
makers visit a successful system like Mexico City or Guangzhou, China, to see it and
understand it for themselves. “Seeing is believing” is completely true in the case of
BRT. Usually, the decision makers are also accompanied by senior technical staff who
will be responsible for implementing the project. Members of the city’s media, as well
as existing transport operators, may also participate in the visit. By speaking directly
with technical staff and political officials in cities with existing systems, prospective
system developers can understand the possibilities in their own cities (Figure 1.6).
Experiencing a high-quality system in a relatively low-income city, such as Quito,
Ecuador, also shows city officials that a system is possible regardless of local eco-
nomic conditions. In many instances, the process of developing a new public trans-
port system can seem quite overwhelming at the outset. Seeing systems in practice
and walking through the development process can do much to dispel uncertainties
and fears. At the same time, care should be exercised to avoid giving the impression
that project implementation is always easy, fast, and problem free.

Surprisingly, political officials and even municipal technical staff can be rela-
tively unfamiliar with public transport in their own city. Given the background and
income levels of such persons, many will utilize their own private vehicles for trans-
port. In the case of top elected officials, their only view of daily transport issues may
be from the back of a chauffeur-driven luxury vehicle (Figure 1.7). Thus, public trans-
port systems are frequently conceptualized and designed by individuals with little
actual familiarity with the daily realities of public transport.

Organizing a tour of the public transport conditions in an official’s own city
can be an eye-opening experience for the official. In cities such as Bogotd, Delhi,
Johannesburg, and Sao Paulo, officials have either made a point to regularly utilize
public transport and/or have required staff to use public transport for certain periods
of time (Figures 1.8 and 1.9).

Testimonials from one political official to another may sometimes be appropri-
ate. Visits to cities by prominent former mayors such as Enrique Penalosa and Jaime
Lerner have been sponsored by international organizations to help catalyze local ac-
tions. Showing how mayors and governors who delivered high-quality systems have
tended to win subsequent elections can also be quite motivating to local officials.

Advances in information and communications technologies (ICT) have put the
power of sophisticated visual and software tools in the hands of most municipalities.
Visual renderings of stations, vehicles, and runways can do much to excite political
officials over the possibilities (Figure 1.10). Videos of high-quality public transport
systems in cities such as Bogota, Colombia; Brisbane, Australia; and Curitiba, Brazil
provide an accurate visual display of the options to decision makers. Likewise, digital
video technology is now available to simulate how a new system would actually oper-
ate in a city of interest. Being able to “virtually ride” the new system at an early stage
in the planning process cannot only work to stimulate political commitment but it
can also help planning staff with design considerations. In a similar manner, small
models of vehicles, stations, and runways all help give political officials a hands-on
feel with the possibilities (Figure 1.11).

A pre-feasibility study is also an effective mechanism to build initial interest in
public transport improvement. The pre-feasibility work can include the identification

Figure 1.6. International visitors gain many insights
by speaking with Macrobus technical staff in Guadala-
jara, Mexico. Carlosfelipe Pardo.

Figure 1.7. The only perspective many decision mak-
ers have on transport is based on a chauffeur-driven
ride to work each day. Lloyd Wright.

Figure 1.8. Leading political officials, such as former
Mayor Enrique Penalosa of Bogota experiences public
transport for himself. PPQ.
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Figure 1.9. South African Minister of Transport Jeff
Radebei rides the bus. South African Ministry of Trans-
port.

Figure 1.10. A rendering of the proposed BRT system
in Dar es Salaam, Tanzania, using a combination of
digital photography and graphic design software. Luc
Nadal and ITDP.



of major corridors for public transport development, early estimates of potential ben-
efits (economic, environmental, social, etc.), and approximations of expected costs.
This work will be fairly superficial, but will at least give decision makers a degree of
confidence in a possible project direction. The faster and more compelling this early
vision of the new system, the easier it will be for decision makers to build the nec-
essary political commitment to move forward. This early vision will be needed to
persuade the public and interested parties to support the project, and to guide the
information-gathering process.

The techniques for achieving project commitment are varied, and can depend
greatly on the local context, but the principal aim is to get the chief decision maker
to make a public commitment to implementing a major transformation of the public
transport system, and to create a sense of expectation among members of the public.

1.3 Statement of Vision

“If you want to build a ship don’t drum up the men to fetch the wood, allo-
cate the jobs and divide the work, but teach them the yearning for the wide
open sea.”

— Antoine de Saint-Exupéry, writer and aviator, 1900-1944

An initial vision statement from the political leadership marks an important
first step in making the case for improved public transport. This political announce-
ment provides a broad-based perspective on the general goals of the proposed system.
This statement gives a direction and mandate for the planning teams and will also be
used to stimulate interest and acceptance of the concept with the general public.

The vision statement should not be overly detailed, but rather describe the form,
ambitions, and quality of the intended project. Thus, the statement will set the agenda
for the ensuing planning activity. Examples of the type of phrases that can form part
of the vision statement include:

* “Provide a high-quality, cost-effective public transit system that will ease
congestion, reduce contamination, and ensure public confidence in the
city’s transit service”;

“Establish a fast, comfortable, economic, and car-competitive public trans-
port system that will serve the mobility needs of all segments of the city’s

population, even current owners of private vehicles”;

“By developing a modern public transport system for the twenty-first cen-
tury, the city will become increasingly competitive, attract more invest-
ment and tourism, and ultimately stimulate the economy and job cre-
ation”;
« “Place more than 80 percent of the city’s population within five hundred
meters of a public-transport corridor”;
* “Provide a one-ticket service that will allow a person to travel to any point

in the city in less than thirty minutes with no delays from congestion.”

While this initial vision statement will be quite broad in scope, the message
can become more detailed and specific as the project progresses. The important is-
sue in developing this vision is that it includes the opinions of various stakeholders,
proposed solutions and needs, and that it truly addresses the main issues that public
transport must improve in the medium term. Subsequent pronouncements can detail
costs, travel times, and amenities of the new service more precisely.

The announcement should be placed within an overall press and media strat-
egy for the project. The press and media organizations should be thoroughly briefed
about the vision being put forward. These organizations should also be given a basic
overview of the various public transport options and their potential for the city. In
some cases, press visits to cities with existing systems can help reinforce the positive
attributes of the project.

Figure 1.11. Small-scale models, as shown here with
a proposed terminal facility in Quito help give deci-
sion makers a three-dimensional understanding of the
physical infrastructure. Lloyd Wright.



1.4 Barriers to Project Development

“The great tragedy of science—the slaying of a beautiful hypothesis by an

ugly fact.”
— Thomas Huxley, biologist and writer, 1825-1895

The case for improving public transport quality would seem to be quite strong.
The economic, environmental, and social benefits are well documented. However,
major public transport improvement initiatives are actually quite rare. The barriers
to transport improvement often overwhelm the call to action. Understanding the ob-
stacles likely to be faced allows project developers to devise strategies for countering
this opposition.
Some of the most significant barriers include:
« Lack of political will;
e Lack of inclusion of civil society;
¢ Governance;

Opposition from key stakeholders (existing public transport operators, mo-
torists, etc.);

Political and institutional inertia;

Institutional biases;
e Lack of information;

Poor institutional capacity;

Inadequate technical capacity;

Insufficient funding and financing;

Geographic/physical limitations.

Political will is one of the most important ingredients in making a public trans-
port initiative happen. Overcoming resistance from special-interest groups and the
general inertia against change is often an insurmountable obstacle for mayors and
other officials. However, for those public officials that have made the commitment,
the political rewards can be great. The political leaders behind BRT systems in cities
like Curitiba and Bogota have left a lasting legacy to their cities, and in the process,
these officials have become enormously popular and successful. To achieve this suc-
cess, a great deal of political capital was expended to convince project detractors, the
mass media, and the general public.

Many political officials may be reluctant to undertake a BRT project due to the
perceived risks, especially in relation to upsetting powerful special-interest groups.
Motorists and existing public transport operators will tend to resist such change.
Thus, political officials may end up playing it safe by avoiding any type of major pub-
lic transport initiative that will risk alienating specific stakeholders. However, when
officials take the perceived low-risk path of inaction, the ensuing political rewards
will certainly be diminished.

The trajectory of former Mayor Enrique Penalosa makes for an interesting ex-
ample. Mayor Penalosa implemented transport and public space changes in Bogota
that shocked many people. Under Mayor Penalosa, laws preventing motorists from
parking on footpaths were enforced for the first time. Outraged motorists led a cam-
paign to impeach him. At that point in his term, Mayor Penalosa suffered through
one of the lowest popularity rankings recorded by a Bogota mayor. However, sub-
sequently, something rather miraculous occurred. As Penalosa’s vision and projects
came to fruition, the public responded in quite a positive manner. With new bike
lanes, improvements in public space, and the creation of the TransMilenio BRT sys-
tem, citizens could see the transformation of their city. By the time Mayor Penalosa
finished his three-year term, he left office with the highest popularity ratings ever
recorded by a Bogota mayor.



It is quite likely that a political official with less drive and passion for public
space and sustainable transport would have reversed course at the first sign of up-
set motorists. Instead, the risk taken by Mayor Penalosa to transform Bogota and
the public transport system resulted in significant political rewards and international
renown.

Citizens as a whole must also be involved from the early stages of the develop-
ment of a new public transport system. Their point of view is extremely relevant, as
they will use the system, and a favorable opinion of the BRT will be greatly enhanced
if civil society is included as part of the planning process. This will also reduce the
likelihood of opposition to the system once implementation (i.e., building the infras-
tructure) has begun.

While automobiles may represent less than 15 percent of a developing city’s
transport mode share, the owners of such vehicles represent the most influential so-
ciopolitical group. The idea of prioritizing road space to public transport may appear
to be counter to the interests of private vehicle owners. However, in reality, sepa-
rating public transit vehicles from other traffic often improves conditions for private
vehicles. But motorists may only understand this benefit once the system is in opera-
tion. Prior to the project, car owners may only see BRT as an intruder that is stealing
road space.

Existing public transport operators will likely also view BRT as a threat to their
interests and livelihood. In cities such as Quito, the existing operators took to violent
street demonstrations to counter the development of the BRT system. The govern-
ment ultimately called in the military to disperse the protests after the operators shut
down public transport in the city for four days. Likewise, in other cities private transit
operators have pressured political officials through recall efforts and intense lobby-
ing.

It should be noted that the threat to existing operators might be more perceived
than real. In most cases, an effective outreach effort with the operators can help dis-
pel unfounded fears. In reality, existing operators can gain substantially from BRT
through improved profitability and better work conditions. The existing operators
can effectively compete to win operational concessions within the proposed BRT sys-
tem. In Bogota, the existing operators launched seven different strikes to protest the
development of TransMilenio. Today, many of these same operators are sharehold-
ers of concessionaire companies in TransMilenio, and these operators have seen a
significant increase in profits. Few, if any, would want to revert back to the previous
system.

The professional staff within municipal agencies may also represent a barrier
to public transport improvement. Such staff often does not utilize public transport
as their primary means of travel. Instead, municipal officials are part of a middle-
class elite who have the purchasing power to acquire private vehicles. Thus, the pro-
fessionals who are responsible for planning and designing public transport systems
frequently do not use public transportation. This lack of familiarity with public trans-
port customers’ needs and realities can result in less than optimum public transport
design. Such staff may also unwittingly give funding and design preference to indi-
vidual motorized travel since this mode is the one with which they are most familiar.

Despite the rise of global information networks, a lack of knowledge of options
like BRT remains a very real barrier. The long period of time between the develop-
ment of the system in Curitiba and the realization of BRT by other cities is evidence
of this information shortfall. Through the assistance of international agencies and
nongovernmental organizations, awareness of BRT has risen sharply in recent years.
Visits to Bogota by city officials from Africa and Asia have helped catalyze new BRT
projects. Nevertheless, many developing cities still do not have the basic information
required to develop a public transport improvement initiative.



The lack of information at the municipal level often occurs in direct correlation
with the lack of human-resource capacity. The transport departments of many major
developing cities must cope with a wide array of issues with only a handful of staff.
The lack of institutional and technical capacity at the local level inhibits the ability
of agencies to consider projects even when general awareness of the opportunity is
present.

Financing can also be an issue with public transport projects, although it tends
to be less of an issue with lower-cost options such as BRT. Access to capital and the
cost of capital can be real constraints, especially for costlier forms of public trans-
port infrastructure. Additionally, the lack of resources to sustain any sort of oper-
ational subsidy means that systems must be largely designed to be financially self-
sustainable.

Various local conditions, such as urban, geographic, and topographic factors,
can also present barriers to implementation. For instance, extremely narrow road-
ways and steep hills can pose design challenges. However, in general, there are tech-
nical solutions to each one of these issues. Local conditions require local solutions,
which ultimately make each project unique in its own way.

All of the barriers and challenges noted in this section can be overcome. Nev-
ertheless, for many municipalities, these issues greatly dampen the ability to initiate
a project. Project champions will need to provide answers to each of these barriers

that represent a threat to project acceptance.

1.5 Understanding and Presenting the Benefits

“Nothing is ever done until everyone is convinced that it ought to be done,

and has been convinced for so long that it is now time to do something else.”

— F. M. Cornford, author and poet, 1874-1943

Perhaps the best answer to critics of public transport initiatives is the overall
benefit that such initiatives bring to a city and the quality of life of its inhabitants. In
many cases, these benefits can be directly quantified to produce results in monetary
terms. In other cases, the qualitative benefits can also be assessed within a logical
framework.

Table 1.1 outlines some of the direct benefits that public transport improve-
ments have provided to cities. Beyond these benefits, though, there exist others that
can further increase the system’s value to a municipality. For example, public trans-
port projects can lead to reduced costs on the public associated with vehicle emissions
and accidents. Such impacts include costs borne by the health care system, the police
force, and the judicial system. By reducing these costs, municipal resources can be
directed toward other areas such as preventive health care, education, and nutrition.

Table 1.1. The benefits of public transport initiatives

Factor Impacts/Indicators

Time-savings benefit to transit users

Labor productivity
Quality of life

Time-savings benefit to mixed-traffic vehicles

Labor productivity
Delivery efficiency for goods and services

Fuel savings from transit operations

Reduced fuel expenditures for public transport operators
Reduced fuel expenditures for vehicles in mixed traffic
Reduced dependency on imported fuel or reduced usage of domestic supply

Air-quality improvements (reduced emissions of CO, NOx, PM, and SOx)

Human health

Preservation of built environment
Preservation of natural environment
Labor productivity

Greenhouse-gas emission reductions

Global environment



Noise and vibration reductions

Human health
Labor and educational productivity
Built environment

Other environmental improvements

Reduced solid and liquid wastes
Reduced impacts on flora and fauna

Public transport system employment

Construction employment
Operational employment

Amenity benefits to public transport customers

Comfort of customers
Prestige of system

City image

« Civic pride

« Tourism
Urban form

« More sustainable urban form, including densification of major corridors

« Reduced cost of delivering services such as electricity, sanitation, and water
Political

Delivery of public transport system within one political term
Delivery of high-quality resource that will produce positive results for virtually all voting groups

The purpose of any public transport project is to provide substantial benefits,
not just to its users but also to the community at large. For major projects, the struc-
ture of benefits, costs, and impacts can be complex. There may be a variety of benefits,
not all of which can be expressed in monetary terms. The capital and operating costs
of the project may be borne by different combinations of users, government orga-
nizations, or corporations. Some project impacts may take monetary form, but more
typically relate to physical or environmental changes. For any major new project that
has been proposed, it is likely that from its proponents’ point of view, specific bene-
fits have been shown to substantially outweigh the costs so far identified. Otherwise,
the project-development effort would not have been initiated.

The following subsections describe the main benefits from a public transport
project, and Chapter 2: Mode Selection: Why BRT? features a more detailed discus-

sion on these benefits as related to a BRT system.

1.5.1 Listing of Benefits Commonly Sought with Major Public
Transport Projects

Mobility deficiency, like congestion, that needs to be alleviated

Perhaps the most obvious reason for a project is to significantly improve mo-
bility within some district of the city/region or some corridor within the city/region.
Mere increases in the number of buses, jitneys, or such, or increases in service du-
ration during the day, either will not provide enough additional capacity, its quality
will not be high enough, or due to congestion it will not have much effect.

Current pollution needs to be alleviated and future pollution increases curtailed

The current mix of vehicles within a district or city/region results in pollution
that is judged to be detrimental to health, visibility, buildings and plants, or some
combination of all of them. Or it has become evident that the current trend in the mix
of vehicles will soon result in the aforementioned problems. Note that this benefit can
also be interpreted as a reduction in cost. This is a distinction that sometimes causes
confusion or ambiguity during the evaluation process.

Safety problems need to be alleviated

It has been widely reported that traffic collisions count as one of the greatest
causes of death in countries both rich and poor. In developing countries, there is often
an additional element of injustice, in that the majority of the deaths are pedestrians,
who bear danger but do not receive the benefits of motorization. The problem tends
to be further compounded in its severity and frequency when there are many high
user-vulnerability vehicles like motorcycles and bicycles in mixed traffic. Improved



public transport can simultaneously reduce the number of user-vulnerable vehicles
by attracting former users as well as tame street conditions.

Health problems need to be alleviated

Many metropolitan areas have now reached the point where peoples’ lives are
being shortened, and their ability to participate in daily life hampered, due to poor
environmental quality. While transport can also contribute to water quality, solid
waste, and other such environmental-quality problems, the single most urgent prob-
lem is usually air-quality reduction caused by vehicle exhaust as well as tire, brake,
and dust particulates. Reductions in total vehicle pollution can result from major
public transport projects that reduce the number and use of smaller, less efficient,
obsolete, and/or poorly maintained vehicles.

Energy conservation by current population and future energy-efficiency improvements

Energy production is related to a host of potentially serious problems, depend-
ing on the fuel sources. There is greenhouse gas generation, costs of investments
in fuel exploration and power plant construction, environmental impacts from ex-
ploration, extraction, and refining, and so on. Even non-fossil-fuel sources like hy-
dropower are not without damage. Furthermore, there are investment costs, includ-
ing for non-fossil-fuel infrastructure, balance of payment issues associated with im-
porting fuels, and other financial impacts. Even if current impacts and costs are man-
ageable, future impacts may be worse. Furthermore, energy consumption is closely
related to other problems, such as pollution and health issues. Energy reduction will
usually result in reductions to these as well.

Redirection or elimination of excessive or ineffective subsidies

Attempts to improve the mobility of the masses and the need for affordable mo-
bility options for lower-income populations make the case for the provision of sub-
sidies to public transport operators. On the other hand, this money may have little
impact relative to the level of support provided. In some cases it is a matter of cor-
ruption; in others, it may just be that traffic conditions are such that vehicles operate
too slowly to ever be efficient or to attract customers willing to pay higher fares. In
either case, a more formal public transport system, with right-of-way upgrades, and
more centralized control could use the same level of subsidies to much better effect.

Economic development improvements as a result of the previous five items

There are always opportunity costs associated with public expenditures. De-
creased public spending on health problems, on harm caused by accidents, on polic-
ing, on imported fuels, and so on, liberate this money for other productive uses such
as education, agriculture, etc. Furthermore, private expenditure reductions on the
same things and reductions in private mobility solutions can result in improvements
in the material quality of life, as well as productive commercial investments.

When public transport investments succeed in reducing congestion, the de-
creases in time spent travelling result in less productivity loss to both individuals
and to commerce that depends on the timely movement of goods and key staff across
the region.

Transport-sector employees need more secure employment and better wages

Ad hoc transport systems that are not the result of coherent projects are of-
ten characterized by high employee turnover, due to low pay and perhaps abusive or
highly stressful working conditions. This is not only detrimental to the workers them-
selves, but can also translate into very poor service, such as being forced to wait until
ajitney is absolutely full before departure. It can also translate into very poor safety,
with low wages and operating margins resulting in poorly maintained brakes, tires,



exhaust systems, and overloaded vehicles combined with aggressive driving where
operators compete for customers.

Population growth within a region needs to be absorbed more efficiently

Fast-growing populations often expand into lower-density perimeters. On the
other hand, the existing built-up areas may not have the transport capacity to ab-
sorb more people, even if the zoning laws would permit higher-density development.
Space-efficient public transport systems can be central to managing spatial change
and growth.

Tourism in decline or unlikely to increase under the status quo

A location with a reputation for very unpleasant or unsafe traffic conditions,
poor environmental quality, and a lack of suitable mobility options for visitors will
conspire to reduce the desirability of the place as a tourist destination. Many places
depend on tourists for their economic livelihood, and many have the potential to at-
tract tourists if transport conditions improve.

1.5.2 Preparing the Way for a Project

Generally speaking, government agencies tasked with planning public transport projects
will have limited time and financial and human resources for the development of
projects. It is therefore important to distinguish a promising project worthy of sup-
port from the often numerous proposals that are submitted by concerned political
activists, citizens, businesses, and technological boosters, which may be well inten-
tioned but lack sufficient justification.

Listing of potential benefits and potential obstacles

The best way to justify a project for further study, and to convince decision mak-
ers of the same, is to provide a short summary that includes the nature and scope of
the project and the higher-level goals it seeks to achieve. This should be followed by
a quick recognition of any potential obstacles or impediments and a realistic assess-
ment of whether any could prove insurmountable. The idea is to provide confidence
that the time and effort expended is likely to result in the formal creation of a real
project, whose benefits vastly outweigh the costs, and that has a strong chance at
success.

What follows is a description of what a typical short summary should contain.
Some fieldwork might be necessary, in addition to doing “meta-research” into all rel-
evant research and survey work done to date.

Concise description of project scope and goals

There is always a set of questions that needs to be answered immediately in
order to hold the interest of people who need to know why they should spend their
time on this particular project proposal. They are the same questions that reporters
and journalists are taught to answer: who, what, when, where, and why?

What, when, and where are a description of the scope of the project.

“What” refers to what would be built and purchased. How large is the project
and what types of infrastructure, vehicles, and land takings might be involved? “Where”
describes the parts of the region that would be involved and impacted. “When” de-
scribes how quickly this project would be implemented—is this long term, or will this
have a quick impact? Together these allow a visual impression to be formed. How-
ever, if the particular mode and right-of-way standards (street level, elevated, in tun-
nel) are elements to be selected during the project, then several different alternative
visions might need to be painted.



“Who” describes the parties responsible for developing the project and which
particular elements within society are being targeted (if any). The reader should be
left with an impression of who is going to manage the process and which communities
are likely to have people expressing personal interests in it.

The “Why?” is the single most important question. This question should be
answered as carefully and completely as the early stages of a project exploration will
permit (and it is strongly related to the “vision” discussion earlier in this chapter).
The politicians, agencies, and municipalities that will be asked to assist in or coop-
erate with, the communities that will be affected, and the general public that might
help to pay for the system, all have a right to know. The principal goals of the project
should be clear, should be linked to specific benefits, and if possible, prioritized. This
will make it much easier to evaluate project alternatives. There may also be project
benefits that are not directly linked to the formal goals, but can be used to build sup-
port. Project benefits can be divided into three broad groups:

1. Direct benefits that can be monetized, that is, estimated in quantitative
terms in units of currency. Direct benefits are those for which the connec-

tion between project completion and improvements is clear. Monetizable

benefits may already take the form of local currency, or can be assigned a

unit of monetary value with reference to the marketplace. For example,

fuel-purchase savings may occur to users, and operating-cost reductions

may be achieved by transport operators. Users may experience reduced

travel times, and the entire region experience a reduction in greenhouse

gas emissions; for both of these, a monetary value can be imputed;

2. Direct benefits that can be estimated quantitatively, but for which it is
difficult to assign a monetary value. These would include improvements

in accessibility (i.e., the number of employment opportunities that can be

reached within a reasonable travel time), or safety;

3. Indirect benefits are more contentious because the link between the project

and the benefit is not always straightforward, and estimation techniques

can be complex or controversial. Nevertheless, they can be compelling

reasons for a project. For example, reduced congestion can contribute to

an improvement in the efficiency of commerce through the lowering of

transport times and costs. Poverty might be reduced through improved

mobility to employment or education for some subpopulations. Land in

the perimeter might be preserved through densification enabled by higher

capacity transport. Reduction in petroleum imports is yet another.

Recognize potential conflicts between analysts and between community stakeholders

There is likely to be some skepticism about a project’s worthiness, or how realis-
tic it is, even from well-intentioned people. While some opposition is to be expected
from those with stakes in the status quo, any major project could also founder on ir-
reconcilable conflicts that cause gridlock. Risks of technical inability to execute, or
of cost escalation, may be perceived as too high, and conflicts too serious to be over-
come. There is also the chance that aggrieved parties will take redress in the courts.
In the interest of minimizing the chances of such eventualities, here are some ques-
tions to attempt to answer early on:

¢ Are there important goals that conflict?

This is not uncommon for public transport projects, and points to the need
to prioritize goals. Project goals can often express the tension between
reducing operating-support requirements (subsidy) and increasing rider-
ship or delivering other user benefits such as improved comfort. Claims
that one can optimize two conflicting goals at once cast doubt on whether



the importance of goals has been decided. This leaves other analysts with
the opportunity to criticize and oppose based on their own judgments;

¢ Are there conflicts between the short-term and longer-term needs and goals?

An example: Reducing car use is an example of a longer-term goal, but the
achievement of the shorter-term goal of congestion reduction may actu-
ally promote it. This may imply that measures to restrain auto use might
be needed if the longer-term goal is a serious one;

¢ Are there conflicts of interests for project decision makers?

While this can happen anywhere, it is of particular relevance where only
small numbers of people own autos. They are likely to also be the ones
who would have to approve the taking of lanes from autos when this is

essential to a project;
¢ Are there conflicts of interests for governing institutions and authorities?

A typical example is a multimodal planning agency that is trying to im-
prove conditions for both private motorists and public transport customers.
It might not be able to advocate fairly or evenhandedly for both parties;

¢ Can one identify inequitable incidences of costs versus benefits?

It is axiomatic that the good of the majority outweighs the good of the few.
If it were not, very few transport projects could ever advance, as almost all
projects impose some costs disproportionately—better to identify them
up front to ascertain the degree of inequity and to see if it is excessive or
something that might derail a project.

¢ Can one include mitigations of inequities in project design?

In some cases, mitigations could be easily affordable relative to the size of
the project budget. In others, there may be no mitigation possible, leav-
ing only unsatisfactory solutions or drastic measures. An example of an
unsatisfactory solution would be overpasses or underpasses to connect
severed neighborhoods. An example of a drastic measure would be the

relocation of people against their will due to condemnations.

Develop a more limited set of benefits that can still justify a project if some benefits are
a source of contention

If it is apparent that some of the indirect (sometimes even direct) benefits are
going to be disputed, a reduced list can be developed. This can be done by eliminat-
ing some types of benefits entirely, or using lower values when ranges are assigned
to benefit estimates. These ranges of uncertainty tend to widen as forecasts go fur-
ther into the future. Similarly, one can look at particular cost estimates and assume
higher ranges for them, now and in the future. If the project still looks feasible, per-
haps still even very strong, this is compelling evidence of a project worthy of further
advancement.

One should also point out features of the project that retain flexibility to adapt
to changing circumstances if assumed developments do not come to pass, if higher or
lower demand than forecasted develops, if new technologies supplant old ones, etc.
For example, stations that are limited by city block size will constrain vehicle size. As
another example, projects that use proprietary technologies cannot adopt new bus
and rail features that quickly become standardized.

Projects are called “robust” if they do not depend on only one particular type of
benefit or on achieving a very high level of a particular benefit in order to be judged



successful, and can adapt to circumstances well. This is a very positive attribute for
projects with long life spans.

Recognize the opportunity costs

The “opportunity cost” is defined as the alternative use for the same resources.
If the opportunity is to be funded by the same mechanisms, having the same criteria,
and staffed by the same resources as the project under consideration, the answer to
the question of the best use is, of course, resolved by properly and impartially using
these internal evaluation and performance criteria. But if the opportunities being
discussed are outside, what are realistic opportunity costs for the same resources?
This is a more difficult question to answer. Who is to say what type of project is more
worthy? The answer in practice comes from elected officials who allocate budgets
to departments and agencies and make transfer payments to other levels of govern-
ments for certain purposes. These should, in principle, reflect the democratically set
priorities of the public.

Often a project will receive criticism, not on its transportation merits per se, but
on the grounds that the money would better go elsewhere to other priorities. Perhaps
schools, health care, and agricultural water supplies are also in need of funding. Thus,
an argument can be made that the transport project is “gold plated.” On the other
hand, what would happen to both the transport project and the money if the money
were indeed withdrawn? For concrete purposes, removing an elevated or tunnel sec-
tion of right-of-way may lower costs, but it might also lower the speed and reliability
performance of the investment such that middle- or upper-middle-class auto owners
would no longer patronize it. This might then withdraw political support of the entire
project. Meanwhile, would the savings really go to schools or health care? It might
well go instead to building a motorway that benefits the auto-owning class. Indeed,
the entire project funds could go to this alternative project instead. If so, this would
be an example of a “straw man” argument against investment. The opportunity cost
is not realistic and indeed a project reduced in scope could be put in jeopardy of no
further consideration.

Thus, the final step in documenting a project in order to prepare the way for
a project to get permission to proceed and to receive funding is to develop a com-
prehensive and fair description of realistic opportunity costs. Including these early
in the process will preclude further delays due to the inevitable and understandable
questions about how well opportunity costs were studied. It may also serve to clar-
ify some of the essential characteristics of the project to retain political or popular
support.

1.5.3 Assembling the Project Justification

Once the planning agency and municipal/regional governments have agreed that the
project is worthy of formal project status, the next step is usually to get permission
from higher levels of government and elected officials to proceed with more detailed
development. This step might include requirements to show proof of intent to com-
ply with higher-level laws, directives, and procedures (such as environmental protec-
tion statements, historic preservation, etc.). It may also require the assembling and
presentation of the project justification materials in a particular format and process,
because the materials will be compared in direct competition with other proposals. In
some nations, a formal environmental impact study or assessment must be conducted
at this time; in others it may be presented at a later date. Box 1.1 lists the typical set of
elements that should be submitted, even if not strictly required, in order to minimize
the chances of requests for further information.

In return, the planning agency may receive not only permission to proceed, but
also a commitment for funding contributions, or at least a commitment to do a further



evaluation of its worthiness for a matching contribution. Without such contributions,
a project often needs to be aborted due to financial infeasibility. High-cost projects
often need assistance from nonlocal sources, and are, in fact, very often predicated
from the beginning of the feasibility study on obtaining such assistance.

Box 1.1. Essential Elements for Project Justification

Context for the project;

» Comprehensive set of direct and indirect benefits;

¢ Comprehensive set of identified costs and negative impacts;

» Benefits and costs to be refined after environmental reviews are completed;

List of potential mitigation measures for negative impacts;
» Reduced set of non-contentious benefits still sufficient to justify the project;

Discussion of opportunity costs.



2. Why BRT?

“For a successful technology, reality must take precedence over public re-
lations, for nature cannot be fooled.”

— Richard P. Feynman, physicist, 1918-1988

The choice of rapid transit technology will affect travel times, personal trans-
port expenditures, and commuter comfort. The choice will also dramatically affect
government finances and a city’s economic efficiency. Ultimately, the selection will
shape a city’s urban form and the lifestyles of its inhabitants. But the choice should be
guided first and foremost by what type of service is needed. Technology then becomes
the tool to provide that service.

Choosing the appropriate rapid transit technology for a city requires balancing
what citizens want and where they want it with more technical considerations such
as costs and potential benefits. This chapter summarizes the technical differences
among three main mass transit options: Bus Rapid Transit (BRT), Light-Rail Transit
(LRT), and Heavy Rail Transit (HRT).

When deciding on the type of rapid transit most appropriate for a city, cost,
performance, implementation speed, scalability, and local preferences all need to be
taken into consideration. For most cities, the costs of different rapid transit alter-
natives, both capital and operating expenditures, should be preeminent decision-
making factors. Even wealthier cities will benefit from cost-effective investments,
offering greater benefits per dollar of investment. As the economic and social bene-
fits of funds invested in rapid transit need to be weighed against other economic and
social investments, an effort should be made to get the greatest social benefit per
dollar of investment possible. The quality of the service, including the capacity, the
speed, and the comfort of the service are also very important. People will willingly
pay more for a higher speed and more comfortable service, and some corridors have
more potential riders and require a higher capacity service.

The flexibility and scalability of the system also matters. Perhaps normal ex-
isting transit speeds are very fast in a city everywhere except in one area such as
downtown. A high-speed congestion-free service may be needed in the congested
area but not elsewhere. For different transit modes, there are different minimum op-
erable lengths, which are the shortest segments that make sense to build and still
bring benefits. The costs of the stations, vehicles, rights-of-way, and other factors
will change this length for various modes. Some modes are easy to build in small seg-
ments, while other modes make financial sense in larger segments. There is also a
benefit to expanding existing modes, as services and infrastructure can be connected
more seamlessly.

As all public investments are ultimately political, they require some sort of man-
date from the political leadership and the general public. Because politics and public
opinion change rapidly, implementation speed is also very important. If a project can
be implemented during a single term of political office, it stands a greater chance of
being implemented, and its benefits can be realized more quickly.

Economic development impacts also matter. If one type of rapid transit is known
to have a greater economic development impact, this would also affect investment
decisions. Many cities are looking to rapid transit investments to help stimulate eco-
nomic development in particular locations to guide urban growth to strategic loca-
tions. This chapter reviews how BRT, LRT, and HRT options vary with respect to each
of these issues.



2.1 Defining Rapid Transit Modes

“The technologies which have had the most profound effects on human life
are usually simple.”

— Freeman Dyson, physicist, 1923—

Public transportation includes all publically accessible transportation services
that convey people in common vehicles from one place to another. These services
generally run on fixed routes at regularly scheduled intervals. Rapid transit is a form
of public transportation on a fixed route that includes features that dramatically im-
prove the speed, capacity, reliability, and quality of the service.

2.1.1 Defining BRT

BRT is:

“.. a bus-based rapid transit system that can achieve high capacity and
speed at relatively low cost by combining segregated bus lanes that are typ-
ically median aligned, off-board fare collection, level boarding, bus priority
at intersections, and other quality-of-service elements (such as information

technology and strong branding).”
— BRT Standard, 2015

Five essential elements put the “rapid” in bus rapid transit:

Physically separated bus lanes allow buses to avoid congestion;

Stations and bus lanes aligned to the center of the street to avoid being
delayed by turning vehicles and vehicles dropping off passengers or goods;

Fares collected off the bus, to avoid delays caused by passengers paying

on board;

Boarding from a platform level with the bus floor to make boarding faster,
and so that people in wheelchairs or with strollers can roll directly onto
the vehicle;
o Turn restrictions and bus priority at intersections to reduce delay at inter-
sections from red signals.

BRT corridors consist of dedicated, physically demarcated bus lanes that are
aligned to the center of a street or a functionally equivalent configuration for the
majority of the corridor. They also include one or more of the other three essential
elements described above. A more detailed discussion of what constitutes a BRT cor-
ridor can be found in the BRT Standard (http://brtstandard.org).

2.1.2 Defining Other Rapid Transit Modes

Light-Rail Transit (LRT): a rail-based rapid transit system that uses predominantly ex-
clusive, but not grade-separated, rights-of-way. Like BRT systems, LRTs can have a
wide range of passenger capacities and performance characteristics. These capaci-
ties and performance characteristics are for the most part driven by the same essen-
tial elements that are critical to BRT system performance. These essential elements
are defined in the BRT Standard (http://brtstandard.org) and will be discussed in this
guide at length. If a rail system were to operate (as some do) in mixed traffic, on the
curb lane, with turning movements allowed across it, where passengers have to pay
the driver, and passengers need to step up into the vehicle rather than boarding at
level, the operating characteristics of the system would be similar to those of a nor-
mal bus service, as opposed to an LRT. Conversely, an LRT that operates with prepaid
boarding, has a dedicated right-of-way, operates in the central median of the right-
of-way, and has all of the other elements of Gold Standard BRT, is likely to provide
better service and operate more as a rapid transit system. As such, the BRT Standard
technical committee has approved the limited use of the BRT standard to also rate
LRT systems, with certain specific caveats ( BRT Standard, p. 55).
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Heavy Rail Transit (HRT): an electric rail-based public transport system, often
referred to as “Metro,” with high-passenger-capacity rail cars that generally preclude
sharp turning movements and require a high platform to board. As such, they cannot
generally be operated in normal street conditions, and hence require grade-separated
rights-of-way. HRT systems have off-board fare collection, operate within a single
built-up urban area with regular station spacing, and provide all-day bidirectional
service with regular frequencies. For the purposes of the BRT Planning Guide, HRT
will include systems described as commuter rail and metros that align with the above
definition. As the vehicles cannot operate on normal streets, many elements rec-
ognized as critical to BRT systems do not apply to HRT systems. Though most HRT
systems would probably rank “Gold” under the BRT Standard, the BRT Standard Tech-
nical Committee has not authorized the use of the BRT Standard for rating HRT sys-
tems.

For the purposes of this Planning Guide, what distinguishes LRT from HRT is
that it operates for at least part of the transit corridor on normal streets and uses
shorter train sets with lower capacities. As such, LRT tends to have flexible bodies
capable of tighter turning radii than HRT systems and tends to have floors closer to
street level than HRT vehicles. This guide includes in the definition of LRT both sys-
tems that are generally referred to as “LRTs” as well as some streetcars and trams.

Monorail: arail-based public transport system composed of a single rail, usually
elevated and thus grade separated. What differentiates the monorail from LRT of HRT
is that monorail trains are wider than the guideways that support and guide them.
Monorails are only mentioned in passing in this guide, as they are very expensive
to build given their carrying capacity. Monorail is not a viable mass transit solution.
Note that the definitions above were adapted from the Transportation Research Board
and the American Public Transportation Association.

2.2 Costs

“While real trolleys in Newark, Philadelphia, Pittsburgh, and Boston lan-
guish for lack of patronage and government support, millions of people flock
to Disneyland to ride fake trains that don’t go anywhere.”

— Kenneth T. Jackson, historian, 1939-

2.2.1 Capital Costs

On the same corridor, with the same type of right-of-way (elevated, underground, or
on the street in a dedicated lane), many of the costs of BRT, LRT, and HRT will be sim-
ilar. HRT systems by definition cannot operate on normal streets but require a grade-
separated right-of-way. This generally requires expensive tunneling or the construc-
tion of elevated rights-of-way and stations. Full grade separation brings significant
time savings benefits (as all traffic congestion and intersection delays are eliminated),
but also significantly increases construction costs and maintenance costs, regardless
of whether the vehicles operating on elevated or underground structures are buses,
heavy rail vehicles, or light-rail vehicles.

In the past, many HRT systems were built using less expensive “cut and cover”
construction methods. Such construction methods were highly disruptive of the sur-
face environment, leading most cities to depend on deep boring techniques that allow
the surface to remain intact but are much more expensive. Another reason that HRT
systems tend to be much more expensive than street-level LRT or BRT options is be-
cause the elevated or underground stations and their access and egress, as well as
the wider turning radii required by the vehicles and the large area generally required
for the rail depot, make more land acquisition necessary than BRT or LRT alterna-
tives. The costs of tunneling and elevating the HRT system are not only related to
tunneling or elevating the right-of-way. Even costlier is elevating or excavating for



each station, which is likely to cost around US$100 million per station. Most ele-
vated or underground heavy rapid transit systems minimize the number of stations
to increase speeds and keep the costs down, but this frequently limits accessibility to
the system. It is fairly typical for modern HRT systems to have stations 1 kilometer
apart, whereas it is generally recommended (see Chapter 6: Service Planning) that
high-capacity public transport stations be placed around .450 to 500 meters apart to
minimize walking access times. Were stations located in optimal locations, the cost
of HRT alternatives would be significantly increased. LRT and BRT both have signifi-
cantly lower capital costs in relation to HRT primarily because they can be located on
normal city streets.

In general, the most significant capital cost differences between an LRT and a
BRT are due to the following:

o LRT requires rails and switches, and the roadbed to support them;

« LRT requires electric catenary to conduct electricity to the vehicle safely;
e LRT requires rail vehicles;

e LRT requires a special depot connected to the system by rail tracks.

From a sample of five LRT projects in the United States, the average cost per
kilometer of the light-rail track was US$38.6 million a kilometer, though the range
was wide, from US$17.0 million to US$66.9 million.

A reasonable estimate of the cost of an LRT vehicle is US$3.6 million in the
United States (http://onlinepubs.trb.org/onlinepubs/tcrp/tcrp_rpt_165ch-08.pdf, p. 8-
1), though the range is from US$1.9 million to US$4.5 million (http://www.apta.com
/resources/aboutpt/Documents/table22_vehvosttransitlength.pdf).

The number of vehicles needed will vary greatly with the passenger demand.
Normally, an LRT vehicle will have a capacity of around 150 people, similar to that
of an articulated bus. An articulated LRT vehicle can have a capacity of about 240
people, similar to a biarticulated bus (http://onlinepubs.trb.org/onlinepubs/tcrp/ter
p_webdoc_6-c.pdf, pp. 3-60). A decent quality 12-meter bus today can be purchased
for as little as US$70,000 in India, but more typically costs about US$250,000 in most
of the world and about US$400,000 in the United States. An articulated bus today
can be purchased from China for under US$300,000, with US$450,000 being more
typical in Latin America, and closer to US$800,000 in the United States. The cost
of a biarticulated BRT bus in Latin America today is around US$800,000, and would
probably be roughly double this in the United States, but there are few in opera-
tion in the United States (http://www.apta.com/resources/aboutpt/Documents/table
22 _vehvosttransitlength.pdf).

In addition, the LRT vehicles need to have a depot where they can be safely
stored and repaired in a location that is connected to the tracks. Both BRT and LRT
need depots. The primary capital cost advantage for a BRT depot is that it does not
necessarily need to be adjacent to the BRT corridor, but can be anywhere in proximity
to the corridor. In addition, a BRT in a higher-income country can probably use an ex-
isting bus depot. In most BRT systems in the United States, existing bus depots were
used when standard diesel buses utilized the BRT corridor, while for new LRT systems
a new yard or depot is generally necessary. For the two LRT systems for which disag-
gregated data was available, the cost of the LRT depot ranged from US$10.4 million
to US$65.7 million.

Table 2.1. Average Cost per Kilometer by Mode(BRT, LRT, HRT), Developed Versus Devel-
oping Country

Type Lower Income Countries (2013 $/Km) Higher Income Countries (2013 $/Km)
BRT Average $11,504,575 $10,054,824
BRT Gold $16,312,504 n.a.

BRT Silver $9,528,467 $9,729,605
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BRT Bronze $9,612,943 $10,380,042
LRT $25,373,992 $37,496,032
HRT $87,429,209 $433,660,969

Out of a database of forty-two BRT projects, nineteen LRT projects, and twenty-
six HRT projects, the average cost per kilometer in constant 2013 dollars was derived
and shown in Table 2.1. The number of data points is limited, and the clarity of this
cost data is also limited, so these figures should be taken as very rough indications.
The database has taken out LRT and BRT systems that involved elevation or tunnel-
ing to make the costs more comparable. For example, the Crenshaw/LAX LRT in Los
Angeles, which is partially elevated and partially underground, is projected to cost
upward of US$125 million per kilometer. The Boston Waterfront Silver Line busway,
which was not long enough to qualify as a “BRT” corridor, cost US$625 million for
1.6 kilometers of exclusive tunnel, or about US$391 per kilometer, of which US$237
million (US$148 million per kilometer) was because of the tunnel under Boston Har-
bor and the underground stations. The system also used extremely expensive spe-
cialized buses (with both diesel and electric trolley propulsion systems) that cost
roughly US$1.7 million each (http://www.fta.dot.gov/documents/FINALBOSTONBRT
REPORT062507.pdf).

Based on this data, in lower income countries, with all other things being equal,
it is reasonable to expect an LRT system (surface only) to cost 1.5 to 2.6 times that
of a comparable BRT system. An HRT system could be expected to cost 5 to 9 times
as much as a BRT and 3.4 times as much as an LRT. In higher income countries, it is
reasonable to expect that a surface LRT alternative is likely to cost 3.6 to 3.9 times
that of a BRT alternative. An HRT alternative is likely to cost up to 40 times as much
as a BRT alternative, and up to 12 times as much as an LRT alternative.

Curiously, the difference in cost between BRT projects in higher and lower in-
come countries was minimal. To some extent this reflects a higher quality of BRT
projects in lower income countries. On average, a Gold Standard BRT in lower in-
come countries costs double that of a Silver Standard or Bronze Standard BRT sys-
tem. There was no significant difference between the cost of a Bronze Standard and
a Silver Standard BRT in either higher or lower income countries, indicating that it is
tough political decisions rather than a willingness to spend money that largely dis-
tinguished Silver Standard projects from Bronze Standard projects.

The cost of an LRT in higher income countries was 50 percent more than an LRT
in lower income countries, and the cost of an HRT project in higher income countries
costs five times as much as an HRT project in lower income countries, probably due
to the higher cost of labor in construction.

Table 2.2. BRT Project Capital Costs by Country and Quality

Country City Project Length (km)Cost/Km (2013 USD/ Quality (BRT Clas-
km) sification)

BRT Lower In-

come Economies

Brazil Belo Horizonte Cristiano Machado 7 $4,040,571 Gold

Brazil Curitiba BRT "Linha Verde” 33.8 $7,146,213 Gold

Brazil Rio de Janeiro  TransCarioca 39 $14,716,462 Gold

China Guangzhou Guangzhou BRT 229 $7,672,668 Gold

China Yichang Yichang BRT 229 $6,812,169 Gold

Colombia Bogota TransMilenio Phase 1 41 $18,574,652 Gold

Colombia Bogota TransMilenio Phase 2 42 $33,036,852 Gold
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BRT Higher In-
come Economies

France Paris TVM Rungis - Croix de Berny RER 22 $4,898,500 Silver

France Rouen TEOR (Phase 1) 38 $5,410,316 Silver

USA Cleveland, OH  HealthLine 11 $18,880,000 Silver
$9,729,605 Silver Average

USA Eugene, OR Franklin Corridor (Green Line) 6 $4,427,910 Bronze

USA Los Angeles, CA  Orange Line (Original) 23 $16,332,174 Bronze
$10,380,042 Bronze Average

Note: Systems referred to as “likely” Gold, Silver, or Bronze means that they
have been evaluated but their rating is pending final approval from the technical com-
mittee.

Table 2.2 shows the full list of BRT projects and their costs, and their quality
as measured by the BRT Standard. Some of the highest scoring elements of the Stan-
dard, which account for many of the differences between Silver and Bronze systems,
such as turning restrictions across the busways or physical separation of the rights-
of-way, are relatively low cost, yet require political will to implement. Most of the
costs in Gold Standard BRT systems are related to creating a high-quality station en-
vironment.

The range of costs ran from US$1 million per kilometer for a Bronze Standard
BRT in China (which had no depots and was low-quality construction) to US$42.4
million in Cartagena (Silver Standard), which experienced significant construction
delays that added to the project cost. A major reason for the divergence in cost among
BRT projects is the amount of land and property acquisition required to implement
the project.

While the construction costs of the first phase of the Bogota BRT system (which
included the complete reconstruction of the roadbed building wall to building wall)
totaled approximately US$18.6 million per kilometer, the second phase increased to
as much as US$33 million per kilometer for the costliest segment. This increase was
in large part due to land and property purchases. The city decided to widen some
roadways during Phase Il in order to maintain the number of mixed traffic lanes along
the BRT corridor. For Phase III, costs came down again to around US$24.6 million per
kilometer (“Applicability of Bogota’s TransMilenio BRT System to the United States.”
USDOT: FTA. May 2006 http://www.fta.dot.gov/documents/Bogota_Report_Final Re
port_May 2006.pdf).

Table 2.3. Table 2.3 LRT Project Capital Costs

Country City Project Length (km)Cost/Km (2013 USD/km)

LRT Lower Income Economies

Algeria Constantine Constantine Tram 8 $50,000,000
Algeria Oran Oran Tramway 19 $22,664,211
Brazil Rio de Janeiro  PPP|Port Maravilha Light Rail 28 $16,071,429
China Shenyang Shenyang Tram 60 $12,900,000
Mexico Guadalajara Tren Ligero Linea 3 16 $31,890,625
Morocco Casablanca Casablanca Tramway 31 $19,354,839
Morocco Rabat-Salé Rabat-Salé Tramway 19 $24,736,842

Average $25,373,992
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LRT Higher Income Economies

France Paris 14 $60,714,286
France Rouen 15 $45,333,333
France Besangon Line 1 Tramway 15 $19,278,333
France Dijon Line 1+2 Tramway 19 $26,634,737
France Le Havre Line 1+2 Tramway 13 $41,653,077
France Reims Line 1 Tramway 11 $44,188,182
France Lyon Line 4 Tramway 16 $19,397,500
USA Charlotte LYNX Blue Line 16 $31,445,625
USA Charlotte LYNX Blue Line Extension 16 $66,856,250
USA Minneapolis METRO Blue Line 20 $45,145,730
USA Sacramento RT Blue Line extension 7 $32,321,429
USA Houston Purple Line/SW Corridor 10 $16,983,900
Average $37496,032

The costs of at-grade LRT systems in countries with both developed and emerg-
ing economies, shown in Table 2.3, range from US$19.3 million per kilometer for
tramways in France to US$66.9 million for the Charlotte (North Carolina) LRT exten-
sion. A few of the LRT systems in the United States were rated using the BRT Standard,
and they ranged from Silver to Bronze. There was no clear correlation between the
cost of an LRT system and its rating using the BRT Standard.

Table 2.4 contains the range of costs for HRT projects divided into countries
with developed and emerging economies. The lowest cost systems are in India, at a
minimum of US$51 million per kilometer. Labor costs for construction are very low
in India, and these are primarily elevated structures with a limited number of station
stops.

Land acquisition costs also tend to be lower in lower income countries than in
higher income countries, though this is not always the case. One of the world’s costli-
est public transport projects to date has been the Jubilee Line extension to the Lon-
don metro system. The 16-kilometer extension came to a total of US$500 million per
kilometer. Much of this high figure was due to the procurement of private land and
property in areas such as the Canary Wharf business district.

Another factor is the amount of and depth of other competing infrastructure.
The highest cost public transport project ever to be built was the New York Second
Avenue Subway, costing an estimated US$982.658 million a kilometer. This project
bored under the bedrock on the east side of Manhattan, at a significant depth (98
feet) to avoid an unprecedented density of existing infrastructure. Each station is
being done with traditional cut and cover methods, requiring land acquisition in a
very high cost land market. A high water table is another factor when estimating
construction costs, as construction below the water table adds additional expense.

Table 2.4. Table 2.4 HRT Project Capital Costs, Emerging and Developed Economies

Country City Project Length (km)Cost/Km (2013 USD/km)
HRT Lower Income

Economies

Brazil Rio de Janeiro Line 4 metro 16 $233,750,000

Brazil Sao Paulo Line IV metro 14 $101,992,857

China Lanzhou Lanzhou Metro Line 1 34 $93,176,471



China Guangzhou Guangzhou Metro Line 1 18.5 $87,729,730

China Shenzhen Shenzhen Metro Line3 33 $56,224,491
China Guangzhou Guangzhou Metro Line 2 18 $79,259,480
China Guangzhou Guangzhou Metro Line 3 36 $68,288,974
China Shanghai Metro Line 2 19 $81,104,400
China Beijing Metro Line 4 29 $88,750,707
Colombia Medellin Tranvia de ayacucho 4 $81,149,750
Colombia Bogota Metro de Bogota 35 $98,571,429
India Delhi Delhi Metro Phase 1 + 2 167 $43,699,867
India Mumbai Mumbai Metro Line 1 11 $71,149,762
India Hyderabad Hyderabad Metro Phase | 72 $54,166,667
India Bangalore Bangalore Namma Metro Phase 1 42 $104,659,325
India Kochi Kochi Metro Phase 1 25 $36,491,914
Indonesia Jakarta MRT 14 $109,929,275
Mexico Mexico City Metro Linea 12 Extension 4 $158,769,459
Mexico Mexico City Linea 12 Metro Ciudad de México 25 $86,715,346
Mexico Zona Metropolitana/ Suburban Rail Line 1 27 $78,131,686
Valle de Mexico
Mexico Monterrey Linea 3 Tren subterraneo de Monter- 7.5 $58,473,896
rey
South Africa Johannesburg Gautrain 80 $51,257,110
Average $87,429,209
HRT Higher In-
come Economies
United Kingdom London Jubilee Extension 16 $501,264,813
USA DC Metro Area Silver Line Phase 1 19 $165,393,158
USA Washington DC 0 19 $152,930,789
USA New York City 0 17 $982,658,960
Average $433,660,969

These ranges, divided between developed and emerging economy contexts, should
provide a reasonable set of benchmarks when performing back of the envelope alter-
native cost appraisals.

2.2.2 Operating Costs

To date there have been no systematic comparisons of operating costs and the fare-
box cost recovery ratios between BRT, LRT, and HRT due to the numerous method-
ological problems involved. In many higher income countries, BRT systems are oper-
ated by agencies that do not keep separate accounts for their BRT operations and their
normal bus operations, and there are few operational LRT systems in lower income
countries. It was not possible as part of this guide to compile tables of comparative
statistics on operating costs and cost recovery ratios. Nevertheless, the following op-
erating costs can significantly diverge among BRT, LRT, and HRT:

e Vehicle cost depreciation and maintenance;

« Catenary depreciation and maintenance;

« Labor;



» Fuel;
e Cost of capital (interest on loans).

Vehicle Cost Depreciation and Spare Parts

A system operator needs to replace rolling stock over time. The cost of the
rolling stock should be depreciated over its expected commercial life. For BRT sys-
tems, most buses are depreciated over ten years depending on the type of bus and its
expected useful life. In Indian and Chinese BRT systems, where the expected com-
mercial life of the bus is lower, the depreciation should be adjusted to reflect this.
Typically, the commercial life of rail vehicles is longer, frequently twenty years, so
the initial investment should be depreciated over twenty years. These depreciation
costs should be calculated using one of the accepted methods for calculating depre-
ciation and reflected as operating costs.

Despite the fact that rail vehicles tend to be depreciated over a longer time
frame, their much higher initial cost tends to make the depreciation costs associated
with rail systems higher than the depreciation costs associated with BRT systems.
One of the reasons that bus costs are far lower than the cost of railcars is the num-
ber of manufacturers. With China, India, and Brazil joining Europe and the Middle
East as suppliers of buses, the cost of buses is coming down in real terms. An even
larger number of countries are able to assemble buses domestically so that only the
engines and chassis need to be imported. BRT infrastructure can generally accom-
modate buses from a wide variety of manufacturers.

A rail system, by contrast, tends to be locked into a permanent dependence on
one or two suppliers of rolling stock. While buses tend to use truck engines where
the spare parts have over time come to be produced by alternative low cost producers
on a massive scale, the manufacturers of rail technology tend to remain monopoly
suppliers of their spare parts, as the market for them is far more limited. These mo-
nopolistic conditions tend to drive up the operating cost of rail rolling stock. There
are only a few major rail manufacturers in the world today (i.e., Alstom, Bombardier,
Hitachi, Kawasaki, and Siemens). The scale required to set up local rail manufactur-
ing is unlikely to be achieved in most lower income nations. Instead, manufacturing
(and the associated employment) will be based in higher income countries, such as
France, Canada, Japan, or Germany. When a city such as Bangkok purchases its rail
metro vehicles, the carriages arrive almost fully fabricated (Figure 2.1). This tends to

make the vehicles far more expensive.

Figure 2.1. A metro rail car arrives in Bangkok from Germany. Bangkok MRTA Company.



The long-term cost of keeping the rolling stock operational is even more sen-
sitive to the cost of spare parts. Over the life of a bus or a railcar, far more money is
spent overall on spare parts than on the initial cost of the vehicle’s procurement. The
same monopolistic conditions that tend to drive up the procurement cost of rail vehi-
cles relative to buses also affect the supply of spare parts. While some bus operators
are also partially locked into expensive spare parts contracts with the bus suppliers,
a growing number of bus operators are successfully switching to generic spare parts
suppliers that considerably reduce their overall costs. With rail vehicles, it is far more
difficult to avoid a dependence on the original manufacturer for spare parts, driving
up costs.

Catenary Depreciation and Maintenance

One of the primary operational cost differences between BRT systems and LRT
and HRT systems is the cost of depreciating and maintaining the electric catenary.
These costs have escalated in recent years (Cervero, http://www.uctc.net/papers/UC
TC-FR-2010-32.pdf, p. 9). The overhead wires of an LRT system or an electric trol-
leybus BRT system need to be maintained well, since a failure results in system shut-
down. A system shutdown imposes massive operating costs on the operator. These
overhead wires are generally quite expensive to maintain and need to be replaced
periodically. These costs are absent from BRT systems using diesel technology.

It should be noted that recent advances in electric battery technology have made
battery-powered electric vehicles a more affordable option for transit vehicles, as
seen by new fleets of battery-powered electric buses and trams in operation or on or-
der in Thailand, China, and the United States (as of 2016). Given the new technology,
it is not clear how these vehicles will compare in terms of operating and maintenance
costs, as compared to gasoline-powered buses or electric trolley buses or trams, but
they should be monitored as a potential option.

Labor

The labor involved in BRT, LRT, and HRT systems is similar: vehicle operators,
head office (administrative) personnel, vehicle maintenance personnel, control cen-
ter personnel, fare collection services personnel, other station services personnel. A
system with a similar number of stations, a similar number of vehicles, and a similar
type of fare collection system should have similar labor costs. The cost of labor for rail
vehicle maintenance personnel and rail vehicle operators is likely to be higher than
the cost for bus operators and bus maintenance personnel as these professions are
more highly specialized and require a greater degree of technical training. Typically,
these staff are provided by the vehicle manufacturer for several years as part of the
initial procurement arrangement. LRT vehicle operators also tend to be somewhat
better paid as it is a more specialized profession.

LRT and HRT systems may gain savings in labor cost from reductions in fleet
size and hence the number of vehicle operators needed. LRT and HRT vehicles come
in sizes larger than the largest BRT vehicles (biarticulated buses) and can therefore
carry more passengers with a single operator, reducing labor costs.

However, as explained in Chapter 6: Service Planning, this guide recommends
optimizing the vehicle size following a formula that finds the optimal trade-off be-
tween minimizing passenger waiting times (with high frequency) and minimizing la-
bor costs (with larger vehicles). While the formulas for calculating optimal vehicle
size included in Chapter 6 were developed for BRT systems, they can equally be ap-
plied to LRT systems.

For any given demand profile on a transit corridor, the number of vehicles needed
to satisfy peak hour demand should be set based on a vehicle size that provides the
optimal trade-off between passenger waiting costs and vehicle operator labor costs.
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Because in higher income countries, the value of waiting time is worth more
than in lower income countries, but vehicle operators also get paid more, this trade-
off works out to be roughly the same vehicle size in both higher and lower income
countries.

Labor can represent between 35 to 75 percent of operating costs in Europe and
North America, while the labor component of lower income country systems is gen-
erally closer to 20 percent, so in higher income countries, people value their waiting
time more but vehicle operators also cost more.

Unsurprisingly, this cost-benefit analysis shows that smaller vehicles are more
optimal for lower demand systems and larger vehicles are more optimal for higher
demand systems. In high demand systems, there are diminishing returns to higher
frequencies, so larger vehicles tend to be more attractive. In low demand systems,
very low frequencies will make waiting times a very significant cost for passengers
and can have a significant adverse impact on ridership.

In most typical operating conditions, the optimal vehicle size for an LRT or a
BRT is lower than the largest BRT vehicle. As such, any operating benefits of using
larger LRT vehicles are offset by even higher costs faced by waiting passengers, so the
operational cost savings are being purchased at the expense of passengers.

Fuel Costs

Fuel price volatility can represent a significant financial risk to a transit system
operator. A sudden increase in fuel prices can drive a reasonably profitable transport
system suddenly into debt. Quito’s electric trolleybus BRT, for instance, was initially
profitable until Ecuador privatized its electricity and electric prices rose sharply, cre-
ating large operating losses for the City of Quito’s electric trolleybus BRT operation.
Fuel price volatility can affect any fuel, whether it is electricity, diesel, CNG, LPG, or
some other form.

Electric-powered modes, such as LRT, HRT, and electric-trolleybus-powered BRT,
can be cheaper to power in countries with a plentiful, stable, and low cost electricity
supply (such as those with ample hydroelectric power) than in countries with high
cost, unstable electricity supplies. Electricity prices per kilowatt hour vary from as
low as US$0.02 or US$0.03 in some countries to greater than US$0.40 in island na-
tions, with prices across Europe varying from about US$0.12 in Central and Eastern
Europe to between US$0.20 to US$0.30 in most of Western Europe.

One advantage of BRT systems is that there are generally more fuel alternatives
available. Whereas electricity prices are low and stable, it may be that the higher costs
of procuring electric trolleybuses and maintaining their catenary can be justified by
fuel cost savings, as was the case with the first BRT corridor in Quito. When electricity
prices rose in Ecuador, Quito was able to select a diesel alternative for the next BRT
corridor. Where CNG is inexpensive and the prices are stable, CNG buses can offset
the higher vehicle and spare parts costs with lower fuel costs. CNG prices have fallen
in many countries recently due to new methods of extraction. Diesel prices tend to
be more stable internationally, though the tax treatment of diesel fuel varies widely.
GIZ publishes annual average fuel prices across the world as a quick reference for
relative fuel prices (http://www.giz.de/expertise/downloads/giz2014-en-internation
al-fuel-prices-2013.pdf).

BRT systems can also introduce new buses that use hybrid-electric technology,
CNG, LPG, ethanol blends, hydrogen fuel cells, or other alternative fuels. This has
also proved to be important for resilience in the case of major power outages.

The market for HRT and LRT vehicles is dominated by those powered by electric-
ity, limiting options where other fuels make more economic sense. That said, diesel
multiple units do provide a diesel option for rail vehicles, but they serve a small por-
tion of the rail vehicle market. Hybrid diesel-electric rail vehicles also provide more
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resilient options combining fuel technologies. In addition, there are efforts to bring
CNG-powered rail transit vehicles to market, but these are not yet widely available.

Cost of Capital

If a transit operator has to borrow money to pay for either the infrastructure or
the rolling stock, or both, the cost of paying this debt becomes an operating cost. If a
national or state government is willing to pay for an urban transit capital investment,
there will be no new debt service, and the cost of capital will be zero. On the other
hand, if a transit operator has to borrow money to pay for a capital improvement, debt
service will have a big impact on operating costs.

In the most indebted transit systems, debt financing costs can account for up-
ward of 30 percent of operating deficits (http://council.nyc.gov/downloads/pdf/budg
et/2014/mta.pdf).).
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Figure 2.2. BRT capital funding by level of government. /TDP.

A national or state government bias in terms of which mode they are willing to
support with capital investments can therefore have a profound impact on operating
costs. A recent study (https://www.itdp.org/publication/best-practice-in-national-s
upport-for-urban-transportation-part-2/, ITDP, 2015) indicates that while many na-
tional and state governments are neutral in terms of their willingness to fund LRTs,
BRTS, or HRTs, in a few countries (India, Indonesia, and Brazil), state and national
governments have played a much larger role in underwriting the cost of rail projects
than BRT projects. The United States in recent years has had a policy of promoting
streetcars, a variety of LRT, which made them more likely to receive federal govern-
ment capital grants.
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Figure 2.3. Rail transit capital funding by level of government. /TDP.

Rapid transit systems are classic examples of public investments that make sense
for public debt financing. Because the benefits of a well-designed transit system will
be enjoyed for decades to come, it is reasonable to pass some of the construction
costs on to future taxpayers. According to the aforementioned study, countries that
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debt finance their transit infrastructure tend to produce more kilometers of transit
per capita than countries that rely purely on current account funds. The manner in
which these costs are financed, however, can have a profound impact on system op-
erating costs. This study that looked at urban transit financing in nine countries \
indicated the following five typical sources of transit financing:

« Bonds;

« Bilateral loans or loans from Export Credit Agencies;

e Multilateral Development Bank (MDB) loans;

e Commercial loans;

« National Government and National Development Bank loans.

These different sources of financing sometimes are not equally available to all

transit modes.
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Figure 2.4. BRT debt finance by country and source. /TDP.
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Figure 2.5. Fig 2.5 Rail transit debt finance by country and source. /TDP.

Projects financed by commercial loans, the multilateral development banks, or
the sale of municipal bonds tend to be mode neutral. Of these, commercial loans
are the most expensive, municipal bonds are lower in cost, and loans from the mul-
tilateral development banks tend to be the lowest cost of capital. BRT, LRT, and HRT
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projects have all been financed by commercial loans, MDBs, and municipal bonds,
with no clear pattern of mode-specific bias observable.

The export credit agencies, by contrast, tend to provide credit only for modes
tied to commercial interests from their country, but they offer very low interest rates
that can fundamentally change comparative project costs. The Jakarta Metro, for in-
stance, is being financed by a loan from JICA (Japanese International Cooperation
Agency) at 0.2 percent interest, which is a negative capital cost (below the cost of
capital). This helps support the Japanese rail manufacturing industry. The export
credit agencies of the Nordic countries where Volvo and Scania, major bus manufac-
turers, are housed have also played a role in lowering the cost of bus procurement
in BRT projects in Latin America and South Africa. In addition, the Spanish export
credit agency financed the purchase of Spanish electric trolleybuses for the first BRT
line in Quito. While export credit agencies subsidize both bus and rail projects, there
is greater foreign government interest in selling rail technology, and larger sums in-
volved, which frequently results in lower cost financing from export credit agencies
available for rail projects than is generally available for BRT projects.

National development banks can also play key roles in determining the cost of
different projects. In Brazil, credit from BNDES is considerably lower in cost than
commercial credit, giving BNDES enormous influence over modal selection in Brazil-
ian municipalities. BNDES has funded both rail and BRT projects, but a lot more fund-
ing has been directed to rail projects overall.

Ideally, state and national government grant programs for urban rapid transit
should be based on mode-neutral selection criteria, as should the funding and financ-
ing criteria of the development banks and export credit agencies.

2.3 Planning and Development

“Plan for what is difficult while it is easy, do what is great while it is small.
The difficult things in this world must be done while they are easy, the great-
est things in the world must be done while they are still small. For this rea-
son sages never do what is great, and this is why they achieve greatness.”

— Sun Tzu, Military strategist, 544-496 BC

The window of opportunity for implementing new public transport is some-
times quite limited. The terms in office of key political champions are generally only
three to five years. If implementation is not initiated during that period, the follow-
ing administration may well decide not to continue the project. In some instances
the project may be cancelled just because the new administration does not want to
implement someone else’s idea, regardless of the merits of the particular project. A
longer planning and development period also means that a host of other special in-
terest groups will have more opportunity to delay or obstruct the process. Ideally,
a public transport project can be planned and implemented within a single political
term. This short time span may provide an additional incentive to a potential project
champion, as it provides the opportunity to finish the project in time to reap the po-
litical rewards; BRT’s recent popularity in part is this condensed project timetable.
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2.3.1 Implementation Speed

A BRT can be designed and implemented within an extremely short time frame. A few
very good projects around the world, like the Guangzhou BRT and Bogota’s Trans-
Milenio, went from a firm political commitment to implementation within eighteen
months. A more reasonable time horizon is three to four years, as was the case for the
Pittsburgh South Busway BRT and the Los Angeles Orange Line BRT. In many cities
around the world, a major selling point for BRT is that mayors or governors are able
to get the projects built and operational within a single term of office, as happened
in Bogota during the 1998-2001 term of Mayor Enrique Perialosa.

LRT projects tend to have much longer time horizons. This means that one
politician might make a promise to build LRT, only to have it realized by yet another
politician years into the future. It also means that the public transport and land use
benefits can be felt much more quickly with BRT than with rail-based modes. Plan-
ning a more-complex rail project can typically consume three to five years of time
(Figure 2.7), and construction can also take an additional three to five years to com-
pete, as the examples of the Bangkok SkyTrain and the Delhi Metro show.

Obtaining the project financing can be another significant time delay. Most rail
projects have much higher capital costs, and thus require additional time to identify
funding sources and negotiate the terms with other levels of government and financial
institutions. BRT projects, due to their lower capital costs, can more often be financed
largely by the municipality, with less need to involve other levels of government or
protracted negotiations with financial institutions.

2.3.2 Scalability

Transit projects have to be built in minimum operational segments. BRT provides
much greater flexibility in terms of phasing construction to accommodate the project
budget size. A city can build high-quality BRT along just a segment of an existing bus
route where the BRT infrastructure is most needed, then extend this BRT infrastruc-
ture farther along the corridor as money becomes available and the need for these
measures increases. In other words, a BRT can run bus services in mixed traffic, and
only use BRT infrastructure for the short segment where the bus route faces the worst
traffic congestion or the greatest boarding and alighting delays, usually in a down-
town area.

With LRT or HRT, operating a very short segment first rarely makes economic
sense. A very short LRT or HRT can only operate where there are tracks and stations.
Hence, short operational links in an LRT or HRT will force most passengers to make
transfers both to reach the LRT/HRT and to continue from the end of the new LRT/
HRT line to their destination.

Public transport systems with higher construction and operating costs need
high passenger numbers to financially sustain them. For the same reasons, such sys-
tems may necessitate a larger network in order to operate effectively. Therefore, the
faster you can build a larger network, the sooner the system will be able to recover
a reasonable share of its operating costs. With its shorter implementation time and
lower capital costs, BRT can be built into a network more quickly.

There are also economies of scale in production of transit infrastructure. A
city that has a large rail transit network can generally better afford the sophisticated
equipment needed to build and maintain such systems than a city with only one LRT
or HRT line. For BRT, however, since construction techniques for BRT are not so dif-
ferent from normal roadway construction, the required economies of scale are far less
acute than those for other types of systems. BRT has been developed in cities with
populations of 200,000 to megacities with more than 10 million inhabitants. Even
relatively small system additions can be economically accommodated by BRT. Thus,

Figure 2.6. An initial BRT corridor may take 12 to
24 months to construct (photo shows Yichang BRT
corridor construction. /TDP

Figure 2.7. A typical underground or elevated rail
system will require from three to ten years (photo
shows the construction of the Luz train station in Sao
Paulo). Karl Fjellstrom, ITDP.

Figure 2.8. The proposed US$7.5 billion Metro line
1 in Bogota, which would be completed by 2021, or
over the course of twenty years. /TDP using Mapbox.

Figure 2.9. Fig 2.9 The US$3.1 billion TransMilenio
system currently carries nearly two million passen-
gers per day. The majority of passengers use Phase
| of TransMilenio, which was implemented by the
Penalosa administration in less than three years. /TDP
using Mapbox.



BRT allows cities to have a public transport system that grows and evolves in close
concert with the demographic and urban form changes that occur naturally in a city.

2.3.3 System Flexibility

Modern modelling and planning practices have greatly aided the objective of match-
ing public transport design to passenger needs. Unfortunately, even the best-crafted
plans cannot account for all eventualities. Customer preferences can be difficult to
know with absolute certainty. The nature of a city’s urban form and demographics
can change as social and economic conditions change. Thus, it is always preferable
to have a public transport system that can grow and change with a city.

During the start-up phase of a new system, passenger reactions and prefer-
ences are usually different to some degree than the original predictions indicated
from modelling exercises. Demand in one area may exceed or fall short of expecta-
tions and require service adjustments. Alternatively, customer demand for express or
limited-stop services may be quite different from early projections, or emerge much
later in the life of the system. New routes may be added to account for development
in a satellite area.

The relative flexibility of BRT means that such changes can often be accommo-
dated at a modest investment in terms of time and money. Changes to the Bogota
TransMilenio system were handled smoothly within the first weeks of opening. By
contrast, routing and service changes to rail-based systems are much more compli-
cated and expensive, as new tracks, crossovers, and signals must be installed. Thus,
rail-based systems require a good deal more certainty in terms of the required demand
and service preferences.

In addition to being adaptable to route and demand changes, BRT offers the
added flexibility of being able to provide more direct door-to-door service. A BRT
vehicle can operate in mixed traffic on normal streets and then enter dedicated BRT
infrastructure without forcing passengers to transfer to another vehicle. LRT, by con-
trast, can only operate where there are rail tracks, and passengers coming from lo-
cations not served by the tracks must make longer walks or bicycle rides, transfer to
and from buses, or utilize space-consuming park-and-ride lots in order to use the sys-
tem. A transfer can pose significant delays and inconvenience to passengers and is
sometimes enough to turn people away from mass transit.

It is also easier to introduce express and limited-stop services into BRT systems,
since an express bus simply needs a passing lane at stations or the ability to pass in
a regular traffic lane at stations, whereas rail-based transit systems essentially re-
quire double-tracking throughout for express services. At an average cost of US$41
million per mile, double-tracking rail is generally prohibitively expensive. Often, a
conventional bus route ends up serving a limited- or express-stop service parallel to
light-rail but without the benefits of the LRT infrastructure. Express services are one
of the most important ways to increase bus speeds. It was the introduction of a large
number of express services to Bogotad’s TransMilenio that resulted in that system’s
high average speeds and capacities.

2.3.4 Phasing

Because buses can operate both in and out of the BRT corridor, it is much easier to
implement and expand BRT systems in phases, with less disruption to existing transit
routes. Implementation of LRT, on the other hand, requires extensive service changes
along a corridor. Existing bus routes must either stop at the LRT corridor, requir-
ing an additional transfer, or operate parallel to the LRT without benefiting from the
new infrastructure. Each expansion of the LRT infrastructure requires similar service
changes. As a result, LRT systems are typically only implemented in large contiguous
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Figure 2.10. This diagram of direct services shows
how multiple routes that operate along a single
corridor can go to different destinations, reducing
door-to-door travel times. /TDP.



segments, in order to avoid multiple disruptive service changes. This reduced ability
to phase system construction limits the flexibility of implementation.

2.4 Performance

“It is not the strongest of the species that survive, not the most intelligent,
but the one most responsive to change.”

— Charles Darwin, scientist, 1809-1882

A system’s performance characteristics will play a large role in determining
customer-usage levels. The ability of a system to attract ridership is thus a prime
decision-making determinant in selecting a public transport technology.

2.4.1 System Capacity

The ability to move large numbers of passengers is a basic requirement for rapid tran-
sit systems. This characteristic is particularly important in cities in lower income
nations where mode shares for public transit can exceed 70 percent of all trips. Pas-
senger capacity is usually defined in terms of the maximum number of passengers in
the peak hour that can use a particular rapid transit corridor on the most congested
section (or “link”) in the peak direction, or pphpd.

“Design” capacity assumes both a comfortable level of crowding inside the tran-
sit vehicle and a reasonable speed, which is usually defined as free flow traffic running
speeds on the corridor.

The design capacity of a transit corridor is generally set based on the amount of
passengers per hour per direction that either the most congested station can handle,
or the most heavily used intersection, depending on where the bottleneck lies.

In BRT systems, capacity is, except in irregular circumstances, limited by the
station. The typical limit on capacity is that too many buses with too many boarding
and alighting passengers try to use a single station. If the next bus comes before the
first bus has finished the boarding and alighting process, the next bus has to wait to
enter the station, and a bus queue quickly develops. Intersections rarely represent
the capacity constraint on a BRT system because many buses can queue at a traffic
light like any other form of traffic, and there are only very rare instances where the
bus volumes are so high they cannot clear a traffic light in a single signal phase. As
such, in Chapter 7: System Speed and Capacity, the BRT capacity calculations are
made based only on the capacity of the bottleneck station. Chapter 7 provides the
calculations necessary to calculate the design capacity at a reasonable speed for BRT
systems. Chapter 7 of this guide differs in some minor respects from the Bus chapter
of the Transit Capacity and Quality of Service Manual, in ways that will be explained in
the following text.

In rail systems it is more likely that capacity is set by some other bottleneck in
the system, such as the intersection signal phase, the station platform length, insuf-
ficient number of vehicles, the signaling system, and so on. Therefore, the capacity
calculation methodology in Chapter 7 does not work well for estimating the capacity
of an LRT or HRT system, where there is a greater likelihood that the capacity con-
straint will lie elsewhere. The TCQSM considers not only the station capacity, it also
considers other issues such as the traffic signal green time at the intersection with
the longest signal phase, and operational control issues that can limit headway re-
ductions. Therefore, for LRT and HRT system capacity estimation, we recommend fol-
lowing the guidance of the TCOSM (http://www.trb.org/Main/Blurbs/169437.aspx).

Many measures that are important to speed are not important to capacity. Ex-
clusivity of the right-of-way, for instance, will affect system speeds but will not neces-
sarily affect system capacity. Similarly, the number of station stops will significantly
affect the speed of a transit system but not the capacity, as capacity is determined by
the number of passengers that can pass through the bottleneck station at the peak
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hour. Restricting turning movements across the transitway is also critical to speed,
but less critical to capacity.

For all transit systems, the same basic issues, discussed below, affect system
capacity. Different system elements affect LRT, BRT, and HRT systems somewhat dif-
ferently. It is these differences that determine the capacity differences between the
three modes.

Vehicle Size and the Number of Doors

A transit station saturates and becomes the system bottleneck when the transit
vehicles occupy the station more than 40 percent of the time. It is above 40 percent
when queuing of transit vehicles occurs at the station. The faster passengers can
board and alight, the more vehicles that can use a single station. The longer the
vehicle, and the more doors that the vehicle has which passengers can board and
alight through simultaneously, the more capacity that bottleneck station will have. A
very long vehicle with only one or two doors will have no higher capacity than a much
smaller vehicle because passengers tend to cluster around the doors. In TransJakarta,
for instance, standard 12-meter buses were used that should have had a capacity of
90 passengers per bus, but because there was only one door, the buses operated at
only about half capacity (45 passengers per bus). If passengers are only allowed to
enter through the front door, because they need to pay the driver or for some other
reason, then the capacity of the vehicle will be that of a much smaller vehicle with
only one door. If the width of the door is less than one meter, the capacity is also
compromised. As a result, all transit systems can carry more passengers if they have
larger vehicles with multiple doors of 1 meter width or greater.

In general, the possibility exists of using larger vehicles with more doors in LRT
systems and HRT systems than in BRT systems, though in most operational condi-
tions this distinction does not matter for reasons that will be explained.

Table 2.5. Table 2.5 Standard Vehicle Types and Capacities

Vehicle Types Vehicle Lendtbers Vehicle Ca-

pacities
Heavy Rail Large 8 car train 176 24 1408
Heavy Rail Small 6 car train 90 18 720
Heavy Rail Car Large 22 3 176
Heavy Rail Car Small 15 3 120
LRT Siemens Avino 8 module 79 10 632
LRT Alstom Citadis Large 49 8 392
LRT Siemens S70 Large 36 4 288
LRT Alstom Citadis Small 29 4 232
LRT Siemens small 28 4 224
BRT Largest Bi-articulated 25 5 220
BRT Volvo Bi-Articulated 22 5 190
BRT Articulated 18 4 150
BRT Standard 12 2 90

The typical long HRT vehicle will have three doors per car and eight cars, so
twenty-four doors, though eighteen doors or even fewer is also common. The longest
LRT vehicles will have as many as ten doors, though most commonly LRT vehicles
have four functional doors. The longest BRT biarticulated vehicles have five doors,



but most BRTs use articulated buses with four doors, though some only have three,
and 12-meter buses with two doors are also common.
The highest capacity transit vehicles have a door greater than 1 meter wide for
every 5 meters of vehicle length.
For estimating the capacity of LRT vehicles, the TCSOM recommends:
“When the specific vehicle type has not yet been selected (e.g., when plan-
ning a new rail system), vehicle length can be used as a proxy for the pas-
senger capacity of a rail car. Passenger loadings for typical North American
light rail cars range from 1.5 to 2.4 passengers per foot of car length (5.0 to
8.0 p/m length). The lower level of 1.5 passengers per foot length (5.0 p/m
length)-with a standing space per passenger of 4.3 ft? (0.4 m?)-corresponds
to a standing load without body contact, while the upper level provides 3.2
ft2 (0.3 m?), corresponding to a standing load with some body contact.”

— TCSQM, p. 8-66

“For heavy rail, the 75-ft (23-m) cars used in more than twelve U.S. and
Canadian cities range from 2.1 to 3.5 passengers per foot of car length (7.0
to 11.5 p/m of car length). The higher end of this range approaches crush-
loaded conditions.”

— continued

“A reduction by 0.3 p/ft length (1.0 p/m length) should be used for smaller,
narrower cars (1).”

— continued

Table 2.5 uses eight passengers per meter of length to estimate the passenger
capacity of a rail car.

The metro systems with the longest trains have eight-car trains, with six being
more typical (for BRT systems, then, this guide uses (L — 3) = 10, or 10 passengers per
meter, within the range of the TCSQM recommendation discounted by the 3 meters
needed for the driver). These vehicles can all carry more passengers but they would
be at crush loads and above the design capacity.

Where there are no cross streets to contend with, there is no definite limit on the
length of the vehicle other than the platform length. Theoretically HRT systems can
be built with ever-longer station platforms but there is rarely the demand to justify
it.

For LRT systems, the definite limit on the length of an LRT vehicle is the com-
mercial availability of vehicles, the distance between perpendicular streets (as the
LRT vehicle cannot obstruct an intersection when stopped), and the required turning
radius. Some more popular LRT vehicles are the Alstom Citadis, which range from 29
to 49 meters in length, the Siemens S70, which varies in length from 28 to 36 meters,
and the 8 module Siemens Avino, which is 79 meters in length. All of them are be-
tween 2.4 and 2.6 meters in width. Many cities, such as New York City and Portland,
Oregon, have block lengths of 61 meters (200 feet) or shorter in most of downtown,
and with approaches to the station a maximum vehicle length would be less than 49
meters.

For BRT systems, the length of the vehicle is limited to the current technical
capacity of a bus: the biarticulated bus that accommodates 220 passengers is a rea-
sonable upward limit on BRT vehicle size.

Therefore, the capacity of LRT and HRT vehicles is larger than for BRT vehicles.
As will be shown, however, this does not mean that LRT and HRT systems necessarily
have higher capacity.

The Number of Bus Lanes or Rail Tracks



Most HRT, BRT, or LRT systems have only one bus lane or one set of rail tracks in
each direction. A few LRT systems have one track shared in both directions for limited
segments. This single lane puts significant constraints on the capacity of any system.
When these systems get overcrowded, it is sometimes necessary to add a second lane.
Double tracking or adding another lane in each direction makes possible more than
doubling of capacity because it also makes possible the introduction of higher speed
express services that do not stop at all stops.

Because it is generally cumbersome and slow to have trains switch tracks, the in-
troduction of express services in HRT or LRT systems usually requires double tracking
for the entire express portion of the service. All of the highest capacity HRT systems
are quadruple tracked (two tracks in each direction). Quadruple tracking is little used
in LRT systems except in short sections.

BRT systems have the advantage over HRT and LRT systems in that they do not
need two full traffic lanes across the entire length of their corridor: they only need
double lanes per direction at station stops. Two lanes at station stops allow express
bus services to use the busways without getting caught behind local bus services at
station stops. In addition, this allows one bus to pull around another bus in front of
it that faces a delay due to boarding and alighting passengers. Because there are no
tracks involved, no switches are required for one bus to pass another bus. As such, the
right-of-way needed for two lanes is only required at station stops and not throughout
the entire corridor. If stations are placed mid-block rather than at intersections, the
passing lane of the busway can give way to additional mixed traffic turning lanes at
the intersection.

Boarding and Alighting Time

Most of the elements that BRT borrowed from HRT and LRT systems, such as off-
board fare collection, platform-level boarding, and simultaneous boarding through
multiple wide doors, all reduce the amount of boarding and alighting delay at sta-
tions. In most systems, the bottleneck is a single station where high volumes of pas-
sengers consume a lot of time boarding and alighting, saturating the station. Hence,
reducing the time it takes each passenger to board and alight at the bottleneck station
is the most important thing to consider when trying to increase a system’s capacity.

This boarding and alighting time is sometimes called variable dwell time, as it
will vary a lot in a corridor from one station to the next depending on the number of
boarding and alighting passengers per station. Regardless of whether the system is an
HRT, LRT, or BRT, for systems with the same design features, a system with very even
distribution of boarding and alighting along it will achieve a much higher capacity
than a system where boarding and alighting is heavily concentrated at a few stations.

The lower the boarding and alighting delay at stations, the less likely the bot-
tleneck station will saturate, so the greater the capacity of the system.

There is no inherent advantage between BRT, LRT, or HRT for these measures:
they can equally be applied to any of these modes.

Table 2.6. Variable Dwell Times

Mode Seconds per passenger per door
HRT & LRT Alighting at level 1.39-20

HRT & LRT Alighting with Steps 3.36 - 3.97

HRT & LRT Boarding at level 1.11-261

HRT & LRT Boarding with Steps 291-421

BRT Boarding TransMilenio 1.2

Standard at - level BRT boarding 1.6



Source: TCQSM, 3rd Edition, pp. 8-25, BRT Planning Guide

BRT systems, LRT systems, and HRT systems have very similar boarding and
alighting times per passenger per door when they have a similar interface between
the station and the vehicle. Therefore, in addition to the critical importance of having
vehicles with more doors, as was discussed in the previous section, it is critical that
payment takes place off-board so that boarding and alighting can take place through
all doors simultaneously, and measures such as at-level boarding be implemented to
reduce the amount of boarding and alighting time per passenger per door.

The Number of Substations and Docking Bays

In any rapid transit system, there may be one or more docking bays and one
or more substations. If a station can accommodate two vehicles at the same time
that do not need to pass each other, these are considered two docking bays (they are
referred to as “loading areas” in the TCQSM). Having more than one docking bay in a
single-track rapid transit station can help increase capacity somewhat as passengers
can get on and off more than one vehicle at once, but there is a diminishing return
after two docking bays, as a delay in boarding and alighting at the second docking bay
will obstruct access to the first docking bay.

Sub-stops are specific to BRT systems. Sub-stops are docking bays in BRT sta-
tions with passing lanes where the docking bays are far enough apart that one bus can
pull around the bus at a docking bay in front of it. Because buses, unlike trains, can
easily pass one another, so long as there is a passing lane and the docking bays are
far enough apart, a single station might have more than one substation. The largest
stations in the largest BRT systems currently have three sub-stops and two docking
bays at each sub-stop.

There are two main reasons that the TCOSM underestimates the potential ca-
pacity of a BRT system. The first is that it does not distinguish between sub-stops
and docking bays (see TCQSM, Step 6a, Determining the number of effective loading
areas, pp. 6-77). As such, it underestimates the possible number of effective loading
areas. Though the TCQSM considers the possibility of five loading areas at a single
stop, and estimates that on average about 190 buses can be accommodated before
stations saturate if dwell times are 30 seconds or less (http://onlinepubs.trb.org/onl
inepubs/tcrp/terp_rpt_165ch-06.pdf, p. 6.21), it rightly points out that at most three
of them are effective because at some point a delay in boarding and alighting in the
rearmost docking bay will block access to all of the remaining docking bays in front of
it. This guide includes the possibility that, with passing lanes, six docking bays can be
made effective. Chapter 7 of this guide thus provides capacity calculation and station
saturation formulas that accept the possibility of up to six effective loading areas,
if there are at least three sub-stops with two docking bays each, based on empirical
observation of stations in Latin America.
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Figure 2.11. Rea Vaya in Johannesburg has two sub-stops, each with two docking bays, or the equivalent of four
fully effective “loading bays,” able to board and alight passengers from sixteen doors simultaneously, something not
considered in the TCQSM. /TDP.

By having three sub-stops, each with two docking bays, or six effective loading
areas, the number of doors per station stop that passengers will be able to board and
alight from simultaneously increases. If a system were designed with six docking
bays, and each docking bay were designed to accommodate biarticulated five-door
buses, each station could theoretically board and alight passengers from thirty doors
simultaneously—more than the largest metro trains. This possibility, not considered
in the TCQSM, is why state-of-the-art BRT systems with passing lanes are reaching
design capacities equivalent to those observed in multicar rail systems.

Because LRT and HRT systems cannot pass one another quickly on the same
track, sub-stops are not used in LRT or HRT systems. Because sub-stops are not rel-
evant to rail systems, the capacity of a rail system is limited to the capacity of the
vehicle, the number of functional doors, and the achievable headway, unless fully
double-tracked.

Services with Limited-Stop Options

If rapid transit infrastructure has been designed with two sets of tracks per di-
rection (in the case of HRT or LRT) or with passing lanes and sub-stops at stations
(in the case of BRT systems), then additional services that skip stops can be added.
They can be added, however, at any time so long as the infrastructure to accommodate
them has been built.

These limited-stop services increase the system’s capacity mainly because the
demand on the corridor can be divided into multiple services, some of which bypass
all together the bottleneck station. Because the capacity of a BRT system is limited
by the critical bottleneck station, having all the buses stop at that station is not al-
ways a good idea. Often, some portion of the demand can be well served by services
that bypass the bottleneck station. Detailed service planning calculations, as pro-
vided in Chapter 6, would need to be made in order to determine the optimal service
patterns. The greater the number of limited-stop services that are able to bypass the
bottleneck station, the greater the capacity of that station, because the additional
dwell time for the share of the demand bypassing the station is zero. The enormous
flexibility in providing limited-stop services for BRT systems with passing lanes and
sub-stops is the other factor not measured in the TCOSM, and another reason why it
underestimates the potential capacity of Gold Standard BRT systems.

Intersections



While HRT does not have to contend with intersections, both BRT and LRT sys-
tems have to accommodate perpendicular travel across them. Both BRT and LRT re-
quire similar measures to minimize the risk that intersections become a capacity con-
straint and source of delay.

There are two primary capacity constraints that intersections pose: station/sig-
nal interference, and signal phase limitations on headways. The first, station/signal
interference, applies to both BRT and LRT systems. The second, signal phase limita-
tions on headways, only affects LRT systems.

Station/signal interference is when a transit vehicle at a station is unable to
clear the station because it is blocked by a red traffic signal, or when a transit vehicle
cannot enter an unoccupied station because of a red traffic signal. This problem can
occur regardless of whether the station is placed before or after the traffic signal.

Boarding and alighting times are irregular, whereas signal phases are constant.
If aboarding and alighting process takes longer than normal, and the station is imme-
diately adjacent to the traffic signal, by the time the boarding and alighting process
is completed, the signal may have changed to red, and the transit vehicle will be un-
able to clear the intersection. This then obstructs access to the transit station for the
vehicles behind it. This problem is best avoided in the case of both BRT and LRT sys-
tems by separating the bus stop from the intersection by several vehicle lengths (The
BRT Standard, http://brtstandard.org , p. 34). The greater the frequency, the more
vehicle lengths that will be necessary. In the case of close downtown streets, it may
be necessary to eliminate intersections all together, as was done on Caracas Avenue
in downtown Bogota.

As demand grows to ranges where capacity is being reached, the risk, for both
BRT and LRT, of there being interference between the signal phase and the boarding
and alighting process grows. The longer an LRT vehicle, the more doors in which to
minimize dwell times from boarding and alighting, but at the same time, there is less
space to separate the transit stop from the intersection so that two vehicles can clear
an intersection in a signal phase if necessary. Similarly, in BRT systems, the greater
the frequency of buses, the longer the distance needed between the intersection and
the station.

Station/intersection interference can significantly reduce the capacity of either
a BRT or LRT system. So long as this issue is addressed in the design, large numbers
of buses can easily pass through a single green signal phase of any standard length at
any intersection. As such, the capacity calculations for BRT systems in Chapter 7 do
not consider intersections as the critical bottleneck.

For LRT systems, however, the length of the full signal phase at an intersection
is also a capacity constraint. This is because train sets require much longer mini-
mum headways between them. The rule of thumb for minimum sustainable head-
ways in LRT systems is one train per traffic signal cycle if the right-of-way is fully
protected from encroachment from turning vehicles of mixed traffic, and there is no
interference between the boarding and alighting process and the signal phase. How-
ever, these conditions are rarely fully achieved in most LRT systems. For this reason,
TCQSM states the following:

“Therefore, a common rule of thumb is that the minimum sustainable head-
way is double the longest traffic signal cycle on the on-street portions of the
line.”

— TCQSM pp. 8-57

As this problem does not manifest itself in BRT systems, they are not consid-
ered in Chapter 7. For this reason, the TCQSM is a better manual for calculating the
likely capacity of an LRT system. It should be emphasized, however, that the poten-
tial capacity of LRT systems in the TCOSM may still be exaggerated as there are no


http://brtstandard.org

street-level LRT systems with capacities of over 6,000 upon which to base formulas
for calculating the capacity of an LRT.

Both BRT and LRT generally benefit from shorter signal phases, but for LRT
systems shorter signal phases are critical to achieving higher capacity, as the sig-
nal phase is likely to be the bottleneck. It is fairly typical in lower income countries
for signal phases to extend upward of four minutes, and traffic police are notoriously
resistant to shortening signal phases. If an LRT is introduced into a corridor with a
four-minute signal phase, the minimum achievable headway in most typical opera-
tional conditions will be eight minutes. In higher income countries, it is more typical
that signal phases on a rapid transit corridor are kept to a maximum of two minutes.
This means that for LRT, a reasonable estimate of the minimum headway is likely to

be four minutes, or fifteen train sets per hour.
Comparative Capacities

There are two ways of comparing the capacity of HRT, LRT, and BRT:

1. Theoretical capacity, based on reasonable expectations given corridor con-
ditions at reasonable minimum speeds (free flow speeds in mixed traf-

fic lanes as an upward limit), with reasonable occupancy levels (no crush

loads);

2. Observed capacities.

Both have their advantages and disadvantages. Theoretical values can, of course,
make false assumptions. Observed values often fail to take into consideration that a
system may be operating at below optimal speeds or with passenger overcrowding
or with demand below capacity. Thus, observed capacities may be greater than de-
sign capacity, or below design capacity as is often the case in the United States, or
they could face constraints unanticipated by theoretical design capacity calculations,
like a demand profile with heavy boarding and alighting concentrated at a few critical

stops.
Table 2.7. Table 2.7 Theoretical Capacities of Different Rapid Transit Alternatives

Vehicle ca- Load Fac- Frequency Capacity

pacity tor

HRT 8 car single track, best signaling system 1408 0.85 30 35904
HRT 8 car double track 1408 0.85 60 71808
LRT 8 module, no turning restrictions, 2-minute signal 632 0.85 15 8058

LRT 8 module, no turns allowed, 90 second signal* 632 0.85 20 10744
LRT 8 module double track 632 0.85 40 21488
BRT largest bi-articulated 220 0.85 60 11220
BRT with passing lanes 220 0.85 193 36000
BRT with passing lanes & limited stops bypassing bottleneck 220 0.85 241 45000

station

*TCQSM 3rd Edition p 8-87 provides 20 as the number of trains that can be
processed at grade with a 90 second signal. They reach a capacity of 12,000 pphpd
by assuming trains with larger capacity than is commercially available or operable in
most on-street contexts.

The theoretical values used above are illustrative only, and local circumstances
will cause significant deviations from these values.

In Table 2.7, the vehicle capacities are based on existing commercial vehicles
operated in fairly typical conditions without crush loads. The longest HRT trains are
176 meters with 8-car trains. At 8 passengers per meter of length, this is 1,408 pas-
sengers per train. The longest LRT vehicles are 8 modules and 79 meters long, and



have a capacity of about 632 passengers per train. This is longer than is possible to
operate in many cities like New York and Portland, which have block lengths of 61
meters. The longest biarticulated BRT vehicles in North America are 25 meters and
have a capacity of about 220 passengers per bus without overcrowding.

The frequency of HRT systems was set based on the TCOSM recommendation
that no more than thirty trains per hour are possible even in fully grade-separated
systems with state-of-the-art signaling systems due to extended dwell times at high-
demand stations. It reads:

“It is apparent from the observed operating experience in New York and
Washington that higher dwell times at critical stations prevent the achiev-
ing of capacities significantly greater than 30 trains per hour”

— TCQSM, pp. 8-83

The frequency of LRT systems is similarly set by TCOSM guidelines for on-street
systems, which recommends that twenty train sets per hour is the maximum achiev-
able frequency for systems with a signal phase maximum of ninety seconds.

The achievable frequency of BRT systems is set based on observations in high-
demand systems in Latin America. As four or more buses can easily pass through a
single signal phase, the intersection is rarely the constraint. Until the introduction
of off-board fare collection, at-level boarding, simultaneous multiple door boarding,
and biarticulated buses into Curitiba’s busway, it was thought that busways could only
operate in a range up to about 5,000 pphpd at speeds around 20 kilometers per hour.
It was only with the simultaneous introduction of all these measures in Curitiba that
capacities approaching 12,000 pphpd were reached with busways, and BRT was born.
Even with these measures, however, as demand rises upward of 8,000 pphpd, there
are usually a few critical stations that will bottleneck in most real-world conditions.
Using bus platooning, where three articulated buses were timed to approach and de-
part from station stops nearly simultaneously, mimicking a longer vehicle, capacities
of around 16,000 pphpd were briefly achieved, but this proved hard to sustain as it
required sophisticated operational controls and driver training.

It was only with the introduction of passing lanes on the Santa Amaro Corridor
in Sao Paulo, and later with TransMilenio’s passing lanes and sub-stops in Bogot4,
combined with the use of multiple limited-stop services in the corridor, that transit
engineers were able to reach capacities that compete with HRT systems and signif-
icantly surpass LRT systems. Bogota’s BRT system, with a specific mix of multiple
limited-stop services, passing lanes at stations, and multiple sub-stops, was designed
to accommodate 36,000 pphpd, the current record. It is believed that once the Trans-
Brasil BRT system in Rio de Janeiro opens (projected for 2018), that design capacities
of over 45,000 will be achieved, due to limited intersections and a unique demand
profile, which allows for an unprecedented majority of services to run very limited
stops.

Table 2.8. Passengers per Hour per Peak Direction Observed: BRT

Corridor Type Daily Week-PPHPD Level Tracks/ Lané&ource
day Rider-
ship
BRT
Bogota BRT 1200000 37,700 Surface 2 #
Guangzhou BRT 850000 27,400 Surface 2 #
Brisbane BRT 19,900 Surface 2 @
Istanbul BRT 600000 18,900 Highway 1 #

Porto Alegre BRT 15,800 Surface 2 @



Why BRT?

Guayaquil, EC BRT 15,000 Surface 2 @
Rio de Janeiro TransOeste BRT 14,000 surface 2 @
Lima BRT 350000 13,950 Highway 2 #
Guatemala City, Eje Sur BRT 13,500 Surface 2 @
Curitiba- Eixo Sul BRT 12,500 Surface 1 @
Quito BRT 11,700 Surface 2 @
Cali BRT 11,100 Surface 2 #
Ottawa West Transitway BRT 10,000 Surface 1 @
Merida BRT 9,000 Surface 2 @
Guadalajara BRT 9,000 Surface 1 @
Xiamen BRT 8,360 Elevated 1 #
Brisbane BRT 7,700 Surface 2 #
Mexico City BRT 7,550 Surface 1 #
Zhengzhou BRT 7,230 Surface 1 #
Urumaqi BRT 6,230 Surface 1 #
Chengdu BRT 6,650 Elevated 1 #
Lanzhou BRT 290000 6,550 Surface 2 #
Dalian BRT 6,430 Surface 1 #
Hangzhou BRT 6,300 Surface 1 #
Sao Paulo - Espresso Tiradentes BRT 6,100 Elevated 1 @
Quito BRT 6,000 Surface 1.5 #
Baranquilla BRT 5,900 Surface 2 @
Delhi BRT 5,500 Surface 2 @
Johannesburg BRT 4510 Surface 2 #
Bucaramanga, Co BRT 4,525 Surface 1 @
TransSantiago BRT 4,400 Surface 1 @
Pereira, Co BRT 4073 Surace 1 @
Hefei BRT 3,600 Surface 1 #
Yinchuan BRT 3,600 Surface 1 #
Buenos Aires Juan B. Justo BRT 3,450 Surface 1 @
Jakarta BRT 3,400 Surface 1 #
Paris Val de Marn BRT 3,000 Surface 1 @
Beijing BRT 2,750 Surface 1 #
Changzhou BRT 2,650 Surface 1 #
Medellin, CO BRT 2,450 Surface 1 @
Los Angeles Orange Line BRT 33,000 2,357 Surface 2 N
Jinan BRT 2,050 Surface 1 #
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Nantes, France BRT 2,000 Surface 1 @

Leon, MX BRT 1,950 Surface 1 #
Ahmedabad BRT 1,780 Surface 1 @
Pittsburgh Martin Luther King, Jr. East BRT 24,000 1,714 Surface 2 .
Busway
Lianyungang BRT 1,650 Surface 1 #
Zaozhuang BRT 1,400 Surface 1 #
Yancheng BRT 1,300 Surface 1 #
Bangkok BRT 1,200 Surface 1 #
Nantes BRT 1,200 Surface 1 #
Las Vegas Strip & Downtown Express BRT 16,789 1,199 Surface 1 N
(SDX) BRT
Cleveland HealthLine BRT BRT 15,800 1,129 Surface 1 .
Eugene Emerald Express Green Line (EmXBRT 10,000 714 Surface 1 N
BRT
Pittsburgh South Busway BRT BRT 9,262 662 Surface 1 N
Pittsburgh West Busway BRT BRT 8,419 601 Surface 1 N
Las Vegas Metropolitan Area Express (MAXBRT 7,400 529 Surface 1 N
Sources:

e + Taken from TCQSM 2nd Ed, Annex. http://onlinepubs.trb.org/onlinep
ubs/terp/terp100/part%205.pdf, p. 5 - 123
o * Extrapolated from daily demand collected by ITDP for https://www.itdp
.org/more-development-for-your-transit-dollar-an-analysis-of-21-north
-american-transit-corridors/ using a ratio of 1/14 derived from TCQSM
2nd Ed data
« # Counted by ITDP China staff, from: http://www.chinabrt.org/en/cities
/param-quan.aspx?param=2
e & Taken from TCQSM 2nd Ed. Part 2: Transit in North America, p. 2-13
* @ http://brtdata.org/indicators/corridors/peak _load_corridor_passengers
_per_hour_per_direction
e ? BRT Planning Guide, 2007
The other way to compare the relative capacities of BRT, LRT, and HRT systems
is to look at observed actual ridership per hour per direction on the highest demand
link. The tables above and below are compilations of the most reliable data that the
authors could collect.
The observed pphpd on two BRT systems now exceeds 20,000 (Bogota, Guangzhou).

Table 2.9. Passengers per Hour per Peak Direction Observed: LRT and HRT

Corridor Type Daily Week-PPHPD Level Tracks/ Lanémurce
day Rider-
ship
LRT
Tunis- LRT LRT 13,400 UndergroundJunc- 1 ?
tions
Calgary LRT 60200 5,900 Surface 1 +
Portland MAX Blue Line LRT LRT 66,370 4,741 Surface 1 .
Denver Central Corridor LRT LRT 62,782 4,484 Surface 1 .
Edmonton LRT 38000 3,800 Surface 1 +

Phoenix Metro LRT LRT 41,784 2,985 Surface 1 .
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Pittsburgh "The T” LRT LRT 28,232 2,017 Surface 1 N

Toronto Spadina LRT 40200 2,000 Surface 1 +
Newark LRT 16900 1,800 Surface 1 +
Sacramento LRT 29000 1,500 Surface 1 +
Charlotte Lynx LRT LRT 14,000 1,000 Surface 1 .
Denver Southwest Corridor LRT LRT 17,746 1,268 Surface 1 .
Seattle South Lake Union (SLU) Street- LRT 3,000 214 Surface 1 N
car

Portland Streetcar LRT 11,400 814 Surface 1 .
HRT

Hong Kong- Subway HRT 84,000 Underground 2 ?
Sao Paulo - Line 1 HRT 60,000 Underground 2 ?
NYC Green Lines Combined HRT 56,100 Underground 2 +
Santiago- La Moneda HRT 36,000 Underground 1 ?
NYC 4,5, express trains HRT 30,200 Underground 1 +
Toronto Spadina HRT 614000 26,200 Underground 1 +
Manila- MRT-3 HRT 26,000 Elevated 1 ?
NYC 6 train HRT 25,900 Underground 1 +
London- Victoria Line HRT 25,000 Underground 1 ?
Montreal HRT 407700 24,400 Underground 1 +
Bangkok- SkyTrain HRT 22,000 Elevated 1 ?
Buenos Aires- Line D HRT 20,000 Underground 1 ?
Newark Path HRT 126800 17,800 Underground 1 +
Washington DC Red HRT 12,700 Underground 1 +
Chicago Red HRT 200200 11,900 Elevated 1 +
San Fran BART HRT 124300 6,200 Underground 1 +
Atlanta HRT 117,000 5,100 Underground 1 +

Sources:

e + Taken from TCQSM 2nd Ed, Annex. http://onlinepubs.trb.org/onlinep
ubs/terp/terp100/part%205.pdf, p. 5 - 123
* Extrapolated from daily demand collected by ITDP for https://www.itdp

.org/more-development-for-your-transit-dollar-an-analysis-of-21-north
-american-transit-corridors/ using a ratio of 1/14 derived from TCQSM
2nd Ed data

# Counted by ITDP China staff, from: http://www.chinabrt.org/en/cities
/param-quan.aspx?param=2

e & Taken from TCQSM 2nd Ed. Part 2: Transit in North America, p. 2-13

* @ http://brtdata.org/indicators/corridors/peak_load_corridor_passengers

_per_hour _per_direction
e ? BRT Planning Guide, 2007
In fact, the highest observed capacity on TransMilenio exceeds all but the high-
est capacity HRT systems, and it far exceeds the highest LRT system. The highest
observed capacity BRT systems all have passing lanes at virtually every station. The
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highest single-lane BRTs and LRTs (Istanbul and Tunis, respectively) both operate on
dedicated roads or rights-of-way that overpass or underpass intersections and dis-
tances between stations longer than generally recommended for urban areas. The
highest capacity single-lane BRT systems (Curitiba, Mexico City) both operate in very
congested conditions. Virtually all of the BRT systems with passing lanes have a de-
sign capacity much higher than observed capacity.

A number of new BRT systems are now under construction, such as Rio de Janeiro’s
TransBrasil line, which may break TransMilenio’s observed capacity record, mainly
because the demand profile calls for a higher percentage of limited-stop services than
was appropriate in Bogota. The Hong Kong and Sao Paulo metro systems also operate
under crush load conditions, so the observed capacity is higher than the theoretical

design capacity.
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Figure 2.12. Passenger throughputs and capital cost for mass transit options. This figure compares the range of
passenger throughputs for each technology measured against the range of capital costs. The ranges presented in
Figure 2.12 are based on observed, not theoretical, data (Tables 2.8 and 2.9). /TDP.

The different sized areas of the rectangles in Figure 2.12 are also revealing with
regard to the relative risk and overall flexibility of each transit technology option.
Ideally, a technology will have a small band of possible capital cost levels (y-axis)
and a wide band of profitable capacity operations (x-axis). In other words, a system
that minimizes costs and maximizes the spectrum of profitable operating conditions
provides the most cost-effective and flexible solution. The range of capital costs (y-
axis) can also be interpreted as an indication of the potential risk and uncertainty
involved in implementing the particular project.



Figure 2.13. The provision of multiple stopping bays and passing lanes at stations permits the Bogota TransMilenio
system to achieve very high passenger capacities. Carlos Pardo.

The fact that Bogotd’s TransMilenio and Guangzhou’s BRT both function well
in cities with more than eight million inhabitants, and with population densities of
greater than 260 inhabitants per hectare, says much about BRT’s potential in other
megacities. To achieve these capacities, road space sufficient for passing lanes at
stations needs to be provided. This is generally not as difficult politically as it would
seem, because if current transit demand on a corridor is high enough to require a BRT
with passing lanes to avoid saturating, the existing buses or minibuses are already
consuming much of the road reserve and causing traffic congestion, particularly at
bus stops. A standard 12-meter (40 foot) bus is generally considered at capacity at
around 90 passengers, and if a corridor has 36,000 passengers per direction in the
peak hour, that means that 400 buses an hour are already passing one way down that
corridor. That 400 buses an hour already consumes more than 2 full lanes of road
space, and frequently more at transit stations, so putting these buses onto a BRT
system will often help decongest the remaining traffic lanes. This was the case in
both Bogota and Guangzhou.

Systems in cities such as Curitiba, Mexico City, and Quito that utilize just one
lane in each direction can reach capacities of approximately 8,000 to 10,000 pphpd
before they face crush loads. In general, then, it is reasonable to assume that a BRT or
LRT operating on a dedicated single lane will achieve approximately equal capacity
levels. For most corridors in most cities, these capacity levels are sufficient to meet
the projected demand. Unlike LRT, however, BRT is still a viable option for cities with
demand of up to nearly 38,000 pphpd, but only if Bogota-type passing lanes, sub-
stops, and express services are introduced.

2.4.2 System Speeds and Operations

The factors that determine the speed of a BRT, LRT, and HRT system are:
« The distance between station stops;
e The level of encroachment onto the transit-way;
» Boarding and alighting times per passenger;
« Passenger volumes (the more, the slower);

Transit-way saturation (usually results from design flaws or service plan-

ning problems);

The level of priority at traffic signals;
e The number of limited-stop services.
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Figure 2.14. A typical scene at a Guangzhou bus stop
before the implementation of BRT. Karl Fjellstrom,
ITDP.

Figure 2.15. Capacity limitations are not the reason
why cities such as Montpellier (France), prefer LRT
over BRT options. The aesthetics are the key. It is
therefore important to also focus on the aesthetics of
BRT vehicles and stations to be competitive. UITP




HRT systems have an inherent advantage in terms of minimizing encroach-
ment onto the transit-way and traffic signal delay, as they are fully grade separated,
whether elevated or underground. Elevated or underground BRT systems, or those
on highways, enjoy similar advantages.

The other mode-specific way of increasing speeds is through increasing the
number of limited-stop services. BRT systems with passing lanes and sub-stops can
add limited-stop services of a great variety at any time, while they are largely un-
known in LRT systems and need to be built into quadruple track metro systems from
inception. While it only occasionally makes sense to add limited-stop services to
low-demand corridors, in high-demand corridors limited-stop services are a key com-
petitive advantage of BRT in terms of speed. Some LRT and some single-track BRT
systems (Curitiba, for instance) operate express bus services parallel to the BRT in
mixed traffic, and at speeds higher than the BRT. One reason that TransMilenio’s av-
erage speed is 29 kilometers per hour and Curitiba’s is 20 kilometers per hour is be-
cause TransMilenio services include extensive limited-stop service options, although
some speed increases are due to a limited number of intersections with crossing traf-
fic. Pittsburgh’s BRT also enjoys high speeds due in part to express services, but the
system also benefits from grade separation and large distances between stations.

Other than these two factors, all the other determinants of speed are either
pre-determined by the demand characteristics of the corridor, or addressed by the
same measures. The number of station stops, the boarding and alighting volumes at
each stop, the number of intersections, and the level of priority at these intersections
should generally be determined in the same way regardless of whether the rapid tran-
sit technology is LRT or BRT. Central median alignment, at-level boarding, off-board
fare collection, turning restrictions across the busway, and separation of the station
from the intersection will all tend to increase speeds in a similar manner, whether a
BRT or an LRT.

In most rapid transit systems, a vehicle’s speed alone (maximum speed, rate
of acceleration and deceleration) does not matter much, as transit vehicles can usu-
ally accelerate and decelerate faster than is comfortable for passengers, and they are
normally able to move faster than traffic rules on normal streets would allow.

Table 2.4.2 shows the average speeds of various BRT, LRT, and HRT systems
around the world. It is clear from the table that BRT and LRT operate at very simi-
lar speeds, and the variance is almost entirely explained by corridor characteristics,
with the existence of express services and grade separation in Ottawa, Pittsburgh,
and Bogota giving BRT a slight advantage in a like-to-like comparison.

Table 2.10. Comparative Observed Speeds, BRT, LRT, and HRT

Corridor Type Speed (km/ Source
hr)
BRT
Pittsburgh West Busway Pennsylvania, BRT 54 [ii]
Pittsburgh Martin Luther King, Jr. East Busway BRT 54 [x]
Pittsburgh South Busway, Pennsylvania, BRT 54 [iii]
Ottawa Transitway, Canada BRT 52 [i]
Orange Line, Los Angeles BRT 32 [v]
Bogota, Colombia, TransMilenio BRT 27 [x]
Curitiba, Brazil, Linha Verde BRT 25 [x]
Beijing (Lines 1, 2, 3, 4) BRT 24 [iv]

Ahmedabad, India, Janmarg BRT 24 [x]



Guangzhou, China, GBRT BRT 23 [x]

Las Vegas Metropolitan Area Express (MAX) BRT 22 [x]
Curitiba, Brazil, RIT corridors BRT 18 [x]
Los Angeles OrangeLine BRT 18 [x]
Cleveland HealthLine BRT 18 [x]
Mexico City, Mexico, Insurgentes BRT 17 [x]
Eugene Emerald Express Green Line (EmX) BRT 17 [x]
LRT

Sound Transit Central Link, Seattle, Washington, USA LRT 40 [vi]
Ottawa O-Train LRT 40 [x]
LYNX Blue Line, Charlotte, North Carolina, USA LRT 37 [vi]
Portland MAX Blue Line LRT LRT 30 [x]
Denver Central Corridor LRT LRT 23 [x]
Denver Southwest Corridor LRT LRT 23 [x]
Phoenix Metro LRT LRT 19 [x]
Budapest, Hungary, Grand Boulevard LRT LRT 18 [x]
Portland Streetcar LRT 16 [x]
Seattle South Lake Union (SLU) Streetcar LRT 8 [x]
HRT

Manila MRT 3 (Metrostar Express), Philippines HRT 48 [viii]
Expo/Millennium Lines, Vancouver, Canada HRT 435 [vii]
Tren Urbano, San Juan, Puerto Rico HRT 332 [ix]

Sources:
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Ottawa Ontario BRT Case Study.” Transportation Research Board. http:
//onlinepubs.trb.org/onlinepubs/tcrp/tcrp90v1_cs/Ottawa.pdf.

US Department of Transportation. Evaluation of Port Authority of Al-
legheny County’s West Busway Bus Rapid Transit Project. Washington
DC, 2003. Report No. FTA-PA-26-7010-03.1 http://www.fta.dot.gov/do
cuments/Pittsburgh_West_ Busway BRT Evaluation-April 2003.pdf
”Pittsburgh, Pensylvania South, East, and West Busways.” Transportation
Research Board. http://onlinepubs.trb.org/onlinepubs/tcrp/tcrp90v1_cs/P
ittsburgh.pdf

National BRT Institute. ”Perspectives on Bus Rapid Transit (BRT) Devel-
opments in China.” Presentation. National BRT Institute. May 1, 2006. ht
tp://www.nbrti.org/docs/pdf/Darido_ChinaBRT_051106_presentation.pdf
Flynn, Jennifer, Cheryl Thole, Victoria Perk, Joseph Samus, Caleb Van Nos-
trand, National Bus Rapid Transit Institute, and Center for Urban Trans-
portation Research. Metro Orange Line BRT Project Evaluation. Vol. 0004.
Washington DC: Federal Transit Administration, 2011. http://www.fta.do
t.gov/documents/FTA_Research_Report_0004_FINAL_2.pdf

Speeds for Charlotte Lynx, Central Link, and WMATA Silver line calculated
from posted schedules.
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vii ”Vancouver SkyTrain—A Proven Success Story.”Japan Railway & Trans-
port Review, no. 16 (1998): 44-45. http://www.jrtr.net/jrtr16/pdf/f44 va
ncouver.pdf

viii Antiporda, Jefferson. "DOTC Promises Better MRT Service next Year.”
Manila Times, August 15, 2014.http://www.manilatimes.net/dotc-promi
ses-better-mrt-service-next-year/119302/.

ix ”Subways of Puerto Rico.” My Transit Guide. http://mapa-metro.com/en/
PuertoRico/SanJuan/Sanjuan-Tren-Urbano-map.htm.

x "More Development for your transit dollar”, 2013 ITDP. https://www.itdp
.org/more-development-for-your-transit-dollar-an-analysis-of-21-north
-american-transit-corridors/, derived from interviews with transit author-
ity staff.

2.4.3 Reliability

Reliability refers to the level of confidence one has in the public transport system’s
ability to perform. An unreliable service can create a high degree of personal stress—for
instance, if a customer does not know when or if a vehicle is going to arrive at a sta-
tion. Unreliable services ultimately lead to non-captive users seeking more reliable
and predictable travel options, such as private vehicles.

Each type of public transport system has different characteristics with regard
to reliability. On-time performance, the frequency of service breakdowns, the rate
at which disabled vehicles can be replaced, and the operational responsiveness to
changes in demand all affect overall reliability. Metros, LRTs, and BRTs all have ex-
cellent records of reliability, particularly when compared to more conventional public
transport services. Segregated rights-of-way help better control service frequencies
and headways between vehicles, as vehicles are less likely to be stuck in traffic. Sys-
tems with complete grade separation, such as underground metros, have a particu-
lar advantage in terms of avoiding unforeseen incidents at intersections and general
traffic congestion.

The relative flexibility of BRT vehicles to operate inside and outside of the segre-
gated infrastructure allows immediate adjustments to breakdowns. Service can con-
tinue while repairs or removals are taking place. The breakdown of a metro or LRT
vehicle, however, can require significant additional time for remedial actions. Until
the disabled vehicle is cleared from the system, there can be disruption to service and
thus to reliability.

2.4.4 Comfort

The level of comfort within a system depends on many design characteristics that are
independent of mass transit mode, including station seating and protection from the
elements. Underground stations have the advantage of a better natural barrier from
outside weather conditions, but many people prefer to stay on the surface and see the
city. The interior design of the vehicles is also dependent on design specifications and
can be of equal quality for either rail or BRT services.

Ride comfort is one potential area of significant difference between BRT vehicles
and rail vehicles. Rail is typically credited with a smoother ride performance both dur-
ing starts and stops as well as during full operation. A smoother ride better permits
value-added activities, such as reading (Figure 2.16). However, not all rail systems
provide the same ride quality. The Kuala Lumpur monorail technology actually de-
livers a somewhat “bumpy” travel experience. Additionally, older tram systems may
not provide an entirely smooth ride. Low-floor BRT vehicles can be susceptible to
surface imperfections on the busway that will result in a “bumpier” ride. High-floor
vehicles with ramped entry service can better mitigate this issue through dampening

Figure 2.16. The smooth ride performance of rail-
based systems makes added-value activities, such as
reading or studying, easier to undertake. Lloyd Wright.
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and improved suspension, at the expense of some vehicular capacity. However, in
general, the ride smoothness of rail vehicles is superior to that of BRT vehicles.

2.4.5 Image and Status

The perceived image and status of the public transport system plays a role in attract-
ing ridership, particularly from non-captive public transport users who have other
alternatives. The best-designed public transport system in the world becomes mean-
ingless if customers do not find the system sufficiently safe and attractive to use.

In most but not all cities, rail-based systems have maintained an edge with re-
gard to creating a modern and sophisticated image, though usually at a significant
cost. Such an advantage becomes particularly important when attempting to attract
ridership from car users. At the same time, the traditional image of the bus is rela-
tively poor. Attracting middle- and higher-income users to the bus can thus be dif-
ficult. Image issues, though, are not entirely restricted to bus technology. Older or
poorly maintained rail-based systems may also evoke images that are not entirely fa-
vorable to attracting customers (Figures 2.17 and 2.18). In Mexico City, for instance,
the surface BRT system is preferred by upper- and middle-income residents to the

underground subway system.

Figure 2.17. Rail-based systems do not always offer superior aesthetic qualities like this system in Cairo. Karl Fjell-
strom

Image is mostly determined by the quality of the stations, and secondarily by
the quality and the look and the feel of the vehicles. BRT systems have done much
to create a modern and unique identity, mainly by developing stations with architec-
tural merit and by using special buses. The modern tube boarding stations in Curitiba
helped make a dramatic new impression for the service. Modern vehicles that cover
their wheels and emulate the rounded shape of LRT vehicles also help create a new
image (Figure 2.19).

In all countries where BRT has become most accepted to the general public,
(Colombia, Mexico), high-quality station design and buses played a key role in con-
vincing the public that BRT was a premium service. Passengers in Bogotd say not that
they are “going to use the bus,” but rather that they are “going to use TransMilenio.”
The marketing of the system name and the quality of the service has been helpful in

creating a metro-like image.

Figure 2.18. Rail-based system in Bucharest, Roma-
nia show problems of neglect and vandalism. Lloyd
Wright.



Figure 2.19. Modern vehicles can give BRT systems a highly professional image. The vehicle in this photo is a Civis
bus in Clermont-Ferrand, France, and not a light-rail vehicle. US TCRP media library.

2.5 Impacts

“The only limit to your impact is your imagination and commitment.”

— Tony Robbins, motivational speaker, 1960—

The characteristics of different public transport technologies can result in dif-
ferent impacts as measured by economic, environmental, social, and urban indica-
tors. Since public transport is often used as a policy measure to achieve a variety of
social goals, an analysis of each system’s impact is a legitimate part of the technology
evaluation.

2.5.1 Economic impacts

Economic impacts can include the public transport system’s ability to stimulate in-
vestment in the corridor and stimulate job creation.

Land Development

A prized objective with public transport systems is to encourage transit-oriented
development (TOD), which refers to the dense walkable, bikeable urban development
along corridors. If a public transport project is implemented successfully, the cre-
ation of dense urban corridors can help increase property values as well as shop sales
levels.

Table 2.11. Transit Corridors Typology: TOD Investment in North America and Determin-

ing Factors
Corridor Mode The BRT Staband Poten-Governmenflotal TOD  Investment
dard Score tial TOD Sup- Investmentgper Dollar
port (in millions)of Transit
Investment
Weak TOD Investmenti
Ottawa O-TrainWeak HRT bronze Limited Weak nominal  nominal
Pittsburgh ""The T"” Weak HRT bronze Limited Weak nominal  nominal
Las Vegas Metropolitan Area Express (MAX) busway bellow ba- Limited  Weak nominal  nominal
Moderate sic
Pittsburgh West BuswayWeak BRT basic Limited ~ Weak nominal  nominal
Pittsburgh South BuswayWeak BRT basic Limited  Weak nominal  nominal

Moderate TOD Investment



Denver Southwest CorridorModerate LRT bronze Limited Moderate $ 160 0.71

Eugene Emerald Express Green Line (EmX) BRT bronze Emerging Moderate $ 100 3.96

Moderate

Los Angeles Orange LineModerate BRT bronze Emerging Moderate $ 300 0.83

Boston Washington Street Silver LineMod- busway bellow ba- Emerging Moderate $ 650 20.97

erate sic

Charlotte LynxModerate LRT bronze Emerging Moderate $ 810 1.66

Pittsburgh Martin Luther King, Jr. East BRT bronze Emerging Moderate $ 903 3.59

BuswayModerate

Ottawa TransitwayModerate BRT bronze Emerging Moderate $ 1,000 1.71

Boston Waterfront Silver Line busway bellow ba- Strong Moderate $ 1,000 1.39
sic

Las Vegas Strip & Downtown Express BRT bronze Strong Moderate $ 2,000 42.28

(SDX)

Denver Central CorridorModerate LRT bronze Strong Moderate $ 2,550 14.88

Phoenix MetroModerate LRT bronze Emerging Moderate $ 2,821 1.99

Strong TOD Investment

Seattle South Lake Union (SLU) Street- LRT bellow ba- Strong Strong $ 3,000 53.57

car Strong sic

Portland StreetcarStrong LRT bellow ba- Strong Strong $4,500 41.48
sic

Kansas City Main Street Metro Area Ex- busway  bellowba- Strong Strong $ 5,200 101.96

press (MAX) sic

Cleveland HealthLine BRT silver Emerging Strong $ 5,800 114.54

Portland MAX Blue Line LRT silver Emerging Strong $ 6,600 3.68

Source: Hook, Walter, Annie Weinstock, and Stephanie Lotshaw, More Devel-
opment for Your Transit Dollar, ITDP, 2013

There is little debate that in the right conditions HRT investments can leverage
significant investment in transit-oriented development (TOD).

More Development for Your Transit Dollar, a study of the likelihood of both LRT
and BRT investments in the United States and their impact on stimulating economic
development concluded that both LRT and BRT had a similar chance of stimulating or
not stimulating economic development, so long as they are of similar quality, as mea-
sured by the BRT Standard. (Hook, Walter, Annie Weinstock, and Stephanie Lotshaw,
More Development for Your Transit Dollar, ITDP, 2013) (https://www.itdp.org/more-d
evelopment-for-your-transit-dollar-an-analysis- of- 21-north-american- transit-cor
ridors/)

The study proved that the level of TOD investment that results from a transit
investment is primarily related to two characteristics unrelated to the transit mode:
the level of government intervention to promote development at the site, and the in-
herent value of the land as a development opportunity. A site where the government
has rezoned the area for development, invested in new infrastructure, provided tax
breaks and other incentives to attract developers, and otherwise intervened to pro-
mote development around a transit station was far more likely to attract investment,
regardless of whether the system is BRT or LRT. The inherent development poten-
tial of the land also mattered. A new transit line serving a downtown in a process
of revitalization, or a popular new waterfront destination, is likely to stimulate more
development than a blighted low-income area regardless of the type of transit in-
vestment made. However, the study also concluded that because the BRT investment
was cheaper, the amount of new investment per dollar of public transit investment
was far greater for the BRT investments. For this to hold true, however, the transit
investment needed to be of equivalent quality.

In lower income countries, the development impacts of LRT are not well known,
as there are few LRT systems in lower income countries. The evidence of economic
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development impacts of BRT in lower income countries has yet to be systematically
studied, but there are a few studies available.

It is clear that massive development occurred along most BRT corridors in Cu-
ritiba. Zoning was the primary tool used to concentrate development along the BRT
system. The zoning rules were changed before the city went through a significant
growth in population, so much new development was channeled along the BRT cor-

ridors.
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Figure 2.20. The high-rise development along the Curitiba BRT system illustrates the ability of public transport to
focus city development. City of Curitiba.
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A recent study by the World Bank of the development impacts of BRT systems
in Guangzhou, Bogot4, and Ahmedabad (Transforming Cities with Transit: Transit and
Land Use Integration Towards Sustainable Urban Development, 2012) indicated that
densification at levels higher than observable in other parts of the city did occur in
Bogotd, but only in Phase II corridors, where there was more land available for de-
velopment. Unlike in Curitiba, there was no particular zoning incentive in place in
Bogota to channel new development to the BRT corridors. In Ahmedabad, the system
was still too new to determine the degree of land development impacts. Ahmedabad
recently enacted zoning changes that allow for higher density development along its
BRT system, but the zoning changes are too recent to determine their impact. Land
assembly is harder in India than in China, and large plots of institutional land along
the BRT corridor inhibit development along some parts of the BRT system, while pre-
existing built-up structures inhibit new development in other areas. In Guangzhou,
extremely high-density development occurred on the parts of the Guangzhou BRT
corridor where the system crosses the metro system, and in the lower density parts
of the corridor farthest from the CBD.



Figure 2.21. BRT corridor in Guangzhou, China. Karl Fjellstrom, ITDP.

In Guangzhou, there was no specific zoning incentive to build along the BRT sys-
tem or the metro system, so the high-density development that occurred was largely
the result of market forces.

In all cases, then, supportive zoning and the availability of developable land
appear to be critical factors. These factors would affect all transit modes equally.
In conclusion, there is a growing body of evidence to suggest that BRT and LRT will
result in a similar level of new economic development if all other variables are equal,
and these other variables are much stronger determinants of economic impacts than
the selection of transit mode. Because BRT is generally cheaper to build, however,
the economic development impacts of BRT are superior to those of LRT and
probably those of HRT per dollar of transit investment.

Employment

Employment generation is another economic measure of a project’s impact.
Public transport projects generate employment through the planning and construc-
tion phase, equipment provision (e.g., vehicles), and operation. While there have
been few systematic studies of the relative merits of different transit investments for
job creation, a useful metric would be jobs created per dollar of public investment.

The employment generated during the construction phase is mostly determined
by how extensive the required construction is and how labor intensive the construc-
tion process is. HRT systems naturally will tend to generate more construction jobs
because the construction involved with elevating or tunneling is much more exten-
sive than for surface systems.

BRT and LRT, which make similar changes to the street, will tend to gener-
ate similar levels of employment. Per dollar of investment, BRT may generate a few
more jobs because the construction techniques required are similar to those for nor-
mal roads, and as such more likely to be adaptable to labor-based road construction
methodologies. Labor-based road construction is something that has been under-
studied, but extensive studies in South Africa indicate that the labor content of road
construction techniques can be significantly increased with contracting procedures
that create the right incentives.

The fabrication of mass-transit vehicles also offers the potential for local em-
ployment gains and the transfer of new technology to a nation. Bus assembly is by far
the easiest element of the rapid transit vehicle manufacturing process to introduce
locally. Major international bus manufactures have established bus body production
facilities in BRT cities such as Curitiba, Sao Paulo, Pereira, Colombia, and Bogota, as



well as normal buses usable for BRT in Guangzhou, Shanghai, and Beijing. Indian bus
manufacturers also produce all of the buses operating in Indian BRT systems. South
Africa also assembles buses. Fewer countries manufacture bus engines and chassis,
but bus engine manufacture is also spreading to lower income countries. A bus en-
gine is essentially a truck engine, so massive economies of scale can be realized in the
production of bus engines. All of these help develop local business and create local
employment.

Rail-car production is generally not as transferable. The economies of scale with
rail-vehicle production imply that it is difficult to transfer fabrication from headquar-
ter plants in countries such as Canada, France, Germany, Spain, and Japan, though
Bombardier recently opened a metro car fabrication facility in India. The importa-
tion of vehicles carries with it particular costs and risks, such as import duties and
long-term currency fluctuations. Additionally, the importation of rail vehicles tends
to create an awkward situation where tax funds in low-income nations are supporting
employment and technology development in wealthier nations.

All new public transport systems present both an opportunity and a threat in
terms of operational employment. The specific opportunity and threat depends en-
tirely on the services being planned. If the vehicles specified for use in the new transit
system follow the recommendations made in Chapter 6, then in most cases similar
numbers of BRT and LRT vehicles would be needed, as well as similar levels of em-
ployment. That LRT and HRT systems frequently use larger vehicles, however, means
that these systems tend to be more capital intensive and less labor intensive, having
fewer employment benefits.

Normally, a new transit system will replace an existing transit service, usually
either formal or informal bus operations. All of these systems may imply a reduction
of employment when many smaller vehicles are being replaced by larger articulated
vehicles moving at faster speeds. However, most new BRT systems are designed to be
roughly employment neutral, in order to protect the livelihoods of working people.
In Bogota the loss of informal bus driver jobs was mitigated by the fact that the BRT
drivers are working shorter shifts and making equal or better incomes. Previously,
a single driver would work as many as sixteen hours per day. In the current system,
more drivers share the same vehicle. Likewise, new employment was created through
new positions related to fare collection, administration, management, and security.

2.5.2 Environmental Impacts

In any transit system, more passengers means greater environmental benefit. To
know the actual environmental impact of a public transport project, one has to look
at a number of factors: the impact the project has on modal shift (how many former
motorists are using the new transit system), the vehicle miles travelled by the transit
fleet before and after project implementation, the emissions related to construction,
and the vehicle-specific emissions from the transit vehicles. This guide recommends
the use of the Transportation Emissions Evaluation Model for Projects (TEEMP), or
the modified version developed for the Global Environmental Facility, for estimat-
ing these impacts (https://www.itdp.org/transport-emissions-evaluation-model-for
-projects-teemp-brt or http://www.thegef.org/gef/GEF_C39 Inf.16 Manual _Greenho
use_Gas_Benefits).

One of the major environmental downsides of HRT projects is that they involve
extensive heavy construction and the use of concrete and steel. Construction and
the production of concrete and steel produce CO2. Some estimates indicate that the
greenhouse gas emissions generated by construction and the production of the con-
crete and steel used to build an HRT system will take about twenty years to be re-
couped from reduced traffic emissions (see TEEMP study). LRT will also consume
more steel than a BRT but otherwise the construction involved should be similar.
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LRT and HRT have local environmental and public health benefits over standard
diesel-powered BRT systems, as they run on electricity and generate no localized air
pollution. While NOx and CO are concerns for BRT systems using diesel, by far the
biggest health concern systems using diesel fuels and engines that are Euro III or
worse is particulate emissions that tend to concentrate in stations. Unhealthy levels
of particulates were measured in TransMilenio stations when Euro II vehicles were in
use.)

These emissions should be mitigated in BRT systems using Euro IV vehicles
with a particle trap or cleaner vehicles (Euro V, Euro IV, etc.), so long as the nec-
essary low sulfur diesel fuels are available. Alternatives such as electric trolleybuses
are used in some cities (Quito, Sao Paulo), and CNG in others (Jakarta, Seoul, Lima),
which have solved the particulate problem, though these alternatives often introduce
other problems. Maintenance of the electric catenary is expensive in electric trolley-
bus systems. When the municipal power company is in control of the catenary and
not particularly responsive to the trolley operator, as has been the case in Sao Paulo,
maintenance problems can cause severe operational difficulties. CNG resolves the
particulate problem but generates as much NOx, NO2, and CO as diesel. It also re-
quires more expensive engines and a sufficient number of refueling stations. Jakarta’s
use of CNG helped reduce particulates at the stations but added a lot of dead kilome-
ters and CO2 emissions because there were too few refueling stations near the BRT
corridors.

Electric power’s environmental impacts depend on how that power is generated
and where it is generated. If the source is coal-fired power plants, then the system
may actually produce more CO2 than normal diesel vehicles do. Complications in cal-
culating the environmental impacts of electricity has been one of several reasons why
to date only BRT projects have been approved by the Clean Development Mechanism
for funding.

Both BRT and LRT have the potential to reduce bus sector emissions by replacing
a large number of old polluting buses with a smaller number of cleaner BRT buses or
LRT vehicles operating at higher speeds. These impacts are highly dependent on the
service plan. A well-designed service plan for an LRT system with proper bus-based
feeder services should be similar in its environmental impacts to a trunk and feeder
BRT system with a similar service plan.

2.5.3 Social Impacts

Social impacts can refer to the ability of a new public transport system to help create
more social equity within a city, or to the ability to reduce accidents and improve
traffic safety. Social impacts can also refer to changes in the safety and sociability of
the streets.

The social impacts of a new rapid transit system are likely to be similar for BRT,
LRT, and HRT, with the exception of the following considerations: in lower income
countries, the lower operating costs of BRT have meant that these systems tend to be
operated at a profit or with very modest operating subsidies, placing less of a strain on
municipal budgets. In Mexico City, for instance, the BRT network operates at nearly
full cost recovery, while subsidization of the subway system constitutes a major drain
on municipal finances, taking resources away from other social needs. In higher in-
come countries, BRT systems tend to be operated by subsidized transit authorities,
and operational savings in the bus system tend to be put back into service improve-
ments. As the users of bus systems in the United States tend to be lower and middle
income, the systems directly benefit the working poor. Rail property investments, by
contrast, have often led to bus service cuts in lower income areas, leading at times to
lawsuits, such as the famous lawsuit of the Bus Riders Union in Los Angeles against



fare increases and service cuts implemented at the same time as the Red Line subway
was implemented.

Further, in lower income countries, BRT has been used to encourage locally
owned business enterprises. Most BRT operators in such countries came from former
informal bus operator consortiums or enterprises whose businesses would otherwise
have been adversely affected by the new rapid transit system. This incorporation of
the affected bus and minibus owners and operators into the ownership structure of
the BRT operating companies (see Chapter 9: Strategic Planning for Communica-
tions) was a major selling point for the South African National DOT when promoting
BRT in South Africa, as it was trying to promote black- and people-of-color-owned
businesses and minimize unemployment. South Africa also hired locally for many
elements of station operation and construction, design, bus fabrication, and other
elements of the BRT business. Rail systems, by contrast, are unlikely to have nearly
as many upstream and downstream local economic benefits, as the suppliers of the
equipment, rolling stock, and spare parts tend to be concentrated in a few countries
(Japan, France, Germany, and Canada).

For most other social impacts, there is no particular reason why BRT, LRT, or
HRT should have better or worse social impacts than the other modes. Both BRT and
LRT projects should be seen as opportunities for redesigning surface streets to make
them safer and more hospitable to cyclists and pedestrians.

2.6 Why BRT?

“Because things are the way they are, things will not stay the way they are.”

— Bertolt Brecht, poet, playwright, and director, 1898-1956

As the world become more urban with ever-larger cities, the combination of
dense development and high-quality mass transit, which reduces travel times and
pollution, will be crucial to providing the access and mobility to maintain a high qual-
ity of life and economic prosperity. The alternative—cities centered around private
automobile use—quickly leads to congested urban streets, neighborhoods, and cities,
rendering these areas polluted, chaotic, and unlivable.

As discussed in this chapter, BRT can be an optimal public transport option for
cities as the transit part of the equation. BRT combines the efficiencies and quality
of metros with the flexibility and relative low cost of buses, while offering significant
environmental benefits. BRT achieves comparable levels of speed, capacity, and pas-
senger comfort and convenience as rail-based systems, but can be built at a fraction
of the cost and construction time, allowing cities to expand access without sacrific-
ing financial health. BRT has been shown to attract riders across all income levels
and provides a level of flexibility and scalability unavailable with rail-based transit
systems. Furthermore, it provides cities with a pragmatic and affordable solution to
ensure that their transit systems keep pace with both urban growth and increasing
prosperity.



3. Project Set-up

“Of all the things I've done, the most vital is coordinating the talents of
those who work for us and pointing them towards a certain goal.”

— Walt Disney, 1901-1966

Few BRT projects share a common origin or startup. In some instances, a cer-
tain amount of technical groundwork for a BRT system may precede the championing
of the project, thereby adding feasibility and conceptual studies to the political impe-
tus and motivation. Other BRT systems have originated through the drive of a single
political champion, only gaining technical support and input once the concept is ac-
cepted and approved.

Most BRT projects, however, only truly commence once the political approvals
and mandates are in place. The resulting budgetary and legislative support provides
the kick start for the project setup, the appointment of the project team, and the com-
mitment to a project program. Giving the structuring and management of the plan-
ning phase due consideration at the outset significantly strengthens the BRT project.

Contributors: Susan Smitt, HHO Africa

3.1 Setup Process

Identification of the need for a BRT system by authorities and the passion of local
leaders to improve a city’s public transport both trigger the planning of a BRT system.
Although the key components of a BRT project will vary according to the local context
and the forces behind it, the basic elements to plan for are similar.

During the project preparation phase, the planning team requires a clear under-
standing of the local context, specifically the transport-demand analysis. This will
result in the selection of appropriate corridors for BRT and the best transport tech-
nology to fit the system requirements. This phase also includes the project setup,
effectively dealing with securing funding sources, any statutory approvals required
for the inception of the project, and the appointment of the planning team and other
professionals required to initiate the project. The communications and liaison pro-
cesses should ideally start in this phase as well.

The operational design and the formulation and adoption of the business plan
for the BRT system should precede the physical design of the infrastructure and tech-
nology, thereby setting a realistic business and operational structure in place for
which to design. The system capacity, the level of priority measures required from
the system design elements, such as intersections, signal operations, and station ca-
pacity, will thus be based on network information and balance through the financing
plan.

This implementation plan should be subjected to continuous evaluations and
reviews. The review process must, however, be managed in such a manner that it
focuses on adjusting the project as new information is confirmed, without detracting
from the goal or the timeline for implementing the system.

A basic checklist illustrating the key components of the planning phase of a new
BRT system may be a useful tool at the outset of the project (Figure 3.1), but should
not be considered standard for all projects or exhaustive by any means.

3.2 Legal Basis

“When men are pure, laws are useless; when men are corrupt, laws are
2] > 2]
broken.”

— Benjamin Disraeli, British politician, 1804-1881

Political Endorsement

Political Mandates

Statutory Approval

Team Development and Procurement

Project Planning

Budget Planning

Funding and Financing

Project Phasing

Figure 3.1. Example of a basic overall checklist, which
could be elaborated on to include subcategories of
actions, as discussed in some of the sections in this
chapter. ITDP



3.2.1 Statutory Approval

In most examples, a statutory or legal mandate is required before the BRT project
gains recognition or acceptance. Statutory approval signals the potential for the al-
location of public funding to the project, thereby also allowing the employment of
dedicated staff to work on the project. The actual authorization process will vary de-
pending on the local, provincial, and national legislation and delegations. Despite
the efforts of a political champion or support group, several steps may still be re-
quired to formalize the project. It is only once this legal authorization is in place that
the actual forming of a project team, the development of a work plan, the drafting of
a project budget, and the full financing of the BRT planning project can commence.

Maintaining an open and transparent process throughout is fundamental to the
success of the project. If the project is not implemented in an entirely legitimate and
pluralistic manner, long-term public and political support can be undermined. If the
proper statutory authorization processes are not followed, opponents of the project
could find easy ways to stop the project. The proper legal mandate will also serve to
establish the BRT project as a citywide priority across all levels of administration.

Beyond an initial mandate to begin the planning process, other approvals or au-
thorizations may also be required. These authorizations may include the establish-
ment of a special BRT unit or the transformation of an existing agency, the approval
of the project budget or loans, and the adaptation or promulgation of legislation and
policies regarding the funding, implementation, and operation of the BRT. As most of
these approvals may require formal political and administrative processes, this phase
of the project could take considerable time and effort. It is best to identify these for-
mal requirements at the outset of the planning process. Although it is advised to
make use of existing legal frameworks rather than depending on radical changes to
facilitate the project, some projects may require the establishment of an adequate
legal framework to structure the BRT implementation.

3.2.2 Context within Existing Legislation and Policies

The vision of the new public transport system should be in accordance with the in-
tent and objectives of existing legislation and policies. A lack of consistency in this
regard will provide detractors of the system the opportunity to legally delay or block
the initiative. It is therefore possible that the BRT concept may require some amend-
ments or additions to existing legislation and policies before it can be fully endorsed
and implemented.

While BRT itself may not be explicitly noted in an existing transport master
plan, stated objectives to improve public transport are most likely present. Drawing
a connection between the new vision and the master plan is worthwhile to ensure
overall integration of the new system with the existing direction of the city’s transport
plan. If improved public transport is not a stated objective within the master plan, or
if BRT will somehow contradict existing objectives, then a review of the master plan
may be in order.

Likewise, economic development, environmental authorizations, and land use
plans should be examined for consistency with the proposed initiative. Typically, the
reduction in congestion associated with a new public transport system will directly
connect economic objectives to the BRT project. Existing land use plans should refer-
ence transit-oriented development (TOD) and/or the densification of residential and
commercial sites along key corridors. Such references would be consistent with the
objectives of a BRT initiative. Land use and environmental policies should be adapted
to incorporate the concept of mass public transit. This must occur as an early priority
in the project to minimize later delays for approval processes.

Making use of international or donor funding may require the need to amend
local financial legislation or policies to allow for the incorporation of this funding in

NATIONAL
POLICIES. LOCAL POLICIES

DEVELOPMENT LAND USE
PLANS. PLANS
MASTER
TRANSPORT
PLAN

Figure 3.2. BRT plan in the context of existing poli-
cies. HHO Africa Infrastructure Engineers.



existing budget structures, or, in some cases, the protection of this funding by setting
up alternative budget-management structures to protect the funding from being used
for purposes other than the planning of a BRT system.

3.3 Procurement

“Opportunity arises for the prepared mind.”

— Louis Pasteur, chemist and microbiologist, 1822-1895

Once the commitment to the BRT project has been established through the po-
litical and statutory processes, the procurement of the technical and professional ser-
vices for the project planning must commence. This procurement process will vary
depending on the local protocols and the dictates of the funding sources. However, a
transparent and legal process is not negotiable.

3.3.1 Tendering and Contract Documentation

Often, the first step in any competitive tendering process is to issue a call for Ex-
pression of Interest (EOI). The EOI document basically requests that all firms and
individuals interested in bidding on the project submit a document stating their in-
terest. The EOI should be distributed as widely as possible to all potential consultants
and firms. Since many consultants may have other commitments or interests, not all
targeted firms will likely respond. The most knowledgeable consultants tend to grav-
itate to the projects with the best chance for success, and will need to be convinced
that a particular project is worthwhile for them to invest the resources required for a
bidding process. Simply sending out the EOI will generally not be sufficient, but this
does remain a critical part of the process.

Furthermore, the EOI aids the relevant officials in developing a shortlist of po-
tential consultants who may then be called on to submit more detailed proposals.
The EOI process permits a wide range of consultants to extend their interest without
the necessity of a lengthy and costly formal proposal.

The EOI document is usually basic and brief in composition, without unduly
detailed contents. Any background information on the relevant city or the potential
system concept may be available separately. Authorities should carefully consider the
content provided, as this may prejudice quality teams against making a submission
or offer undue guidance to teams, thereby stifling potential inventive approaches to
the planning process.

Expressions of Interest should focus on gaining a clear understanding of the
individual professionals in a team, rather than general information on the bidding
companies, as a team consisting of a group of key, appropriately experienced individ-
uals will benefit the planning process more than teams of generalist professionals in
the related fields such as infrastructure or transportation. The EOI should be struc-
tured to gain maximum information on the key experts, rather than the track record
of the firm.

As BRT has grown in popularity, the number of self-proclaimed BRT experts
has also grown, and as much additional research as possible should be done into the
qualifications of the specific team being proposed. The managing authority may even
resort to interviewing some previous clients of the key consultants, establishing the
reputation of the team members on earlier relevant projects. The international com-
munity of true BRT experts is unfortunately still very small. This does, however, sim-
plify the process of vetting the submissions of a team submitting an EOI.

No specific principle exists on the number of teams to be invited to submit a
formal tender from the EOI process. Although a large number of tenders may require
a more complex evaluation process, this may offer the potential for a highly com-
petitive process. Generally, the preference is to have only a manageable number of
submissions to evaluate, limiting the effort and time associated with this phase of



the process. Furthermore, requesting proposals from individuals and firms with lim-
ited or no experience, and with no chance of meeting the technical criteria required,
can place undue strain on the authorities and the applicants. Thus, creating a short-
list of three to seven teams to ask for detailed proposals or tenders should provide a
sufficient level of competition without becoming an unwieldy administrative burden.

The next phase of the contract procurement process may typically involve the
development of Terms of Reference (TOR). Whereas the EOI sets a general framework
for soliciting professional services, the TOR should detail the full requirements from
which the detailed proposal will be developed. The TOR may not necessarily list ev-
ery detailed action required, but should note the specific products and deliverables
required. For example, the TOR may call for the delivery of specific plans, such as
operational plans, infrastructure plans, architectural concepts, detailed engineering
plans, financial plans, and marketing strategy plans, and will most likely include a
detailed description of the requirements of the planning process. A well-crafted TOR
will allow for the creative input from the professionals on the way in which these
plans or results could be achieved.

The proposed project cost is usually the principal decision-making factor in
awarding the project to a professional team. However, the importance of the rele-
vant experience and qualifications of the team should never be ignored in the adju-
dication process. As most authorities are legally bound to award the contract to the
lowest bid, and no mechanism is allowed to prequalify only teams with appropriate
experience and technical abilities, the BRT project could suffer from the results of
such an appointment.

The particular mechanism by which bid adjudication and award could occur may
depend on local legislation. Some authorities are legally bound to a fixed price sys-
tem. But by introducing some degree of competitive price bidding, the authority will
gain a better understanding of the differences between the competing firms or teams.
Some cities may use a fixed maximum price or a range of acceptable prices in order
to limit bids within the established or available budget. In such cases, all firms may
simply bid the maximum amount or the median of the given range. Thus, any preset
limits will tend to reduce the competition and may increase the actual costs over that
which could be achieved in a truly competitive market.

An open bidding process could, by comparison, have several benefits. First,
without preset limits, firms will tend to lower bids in order to effectively compete
with others. Open bidding usually encourages innovation and creativity among the
competing firms to find the most cost-effective way in which to deliver a quality plan.
Second, the range of bids received provides feedback to the authority on the actual
anticipated costs of the required product. With a preset value, firms will potentially
adjust the team input levels and the quality applied to the final product in order to
achieve the fixed budget. Third, open bidding makes it easier to distinguish between
different bids. The likely spread of bid values provides a more discernible gauge to
evaluate the proposals.

The risk associated with an open bidding system would be that all the firms bid
an amount that exceeds the maximum allocation available to the authorities. This
could result in program delay, as the authorities may need to secure additional fund-
ing or reconsider the scope of work to align this with the available funding. In some
cases, this may even lead to starting the procurement process to align the budget with
the project expectations from the start. Authorities may be advised to include a con-
tract clause whereby the bidding process could be cancelled and the process started
again from the beginning if the bidding prices are considered too high or not in keep-
ing with a realistic expectation of the quality of the product required. This clause may
also be invoked in circumstances where none of the bidding entities are sufficiently
qualified to deliver the project products.
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Some authorities may also be able to legally stipulate that bids may be excepted
even if the price exceeds the (undisclosed) budget. Bids that exceed an undisclosed
maximum may not necessarily be automatically disqualified. These TORs could spec-
ify that the bid price is not final, but a consideration along with the technical com-
petence and other key factors in the selection of a winning bidder. An overbid may
bring a penalty, but could add value to the end product if paired with key skills and
competencies. At this point, the winning bidder may even be requested to submit a
similar quality bid, but within the available budget.

In all of the above, it is essential to set quality criteria, as the risk exists that the
lowest bid will be awarded, without the team having the expertise or qualifications to
deliver the most basic of planning products. This will be elaborated on in section 3.8.

The decision-making process for both the EOI and the TOR must be confirmed
and generally known before the procurement process starts. Ideally, the evaluation
criteria should be created in an open and transparent manner, with input from a va-
riety of sources, including contract or legal input to ensure that best procurement
practices are followed and technical specialists to evaluate the content of the bid and
the team experience. Placing the full decision-making control on one individual could
create an unfavorable impression of the process and the project.

Clear and consistent decision making could benefit from a quantitative scoring
system, while a process that favors only qualitative evaluations can be vulnerable
to mismanagement. Should the evaluation criteria or decision-making process be
considered questionable or objectionable by the unsuccessful teams, legal challenges
could be lodged that would severely impact the project development.

As there is no commonly accepted definition of BRT and projects associated with
the concept of BRT can vary significantly, it may be necessary to further qualify the
type of BRT experience being sought, to ensure that the team with the most appro-
priate experience and qualifications is selected. Equally, the selection of a team or
individuals that have sufficient BRT experience must be combined with clear local
knowledge and understanding. This may be particularly useful in an example where
the BRT system being planned is likely to require the restructuring of existing public
transport routes, as opposed to a system that does not plan to alter existing routes,
or in a local context with particular political challenges.

Despite the best efforts to clearly articulate the project objectives in the profes-
sional contracts, misunderstandings can arise. In such cases, consultants may work
in a project direction that differs from the intent of the project initiators. By phas-
ing the professional input, such misunderstandings can be corrected before a large
amount of work is done. The phase approach essentially requires that consultants
obtain approval from the relevant authorities prior to progressing to the next phase
of the project. Rather than waiting until the final report is submitted to review the
planning project, officials review intermediate findings and give their approval (or
not!). Such project milestones should be explicitly stated in the professional contract
or agreement at the time of procurement and appointment.

The above scenarios can be avoided by maintaining a close dialogue and work-
ing relationship with the consultant team and the relevant officials. Weekly, or even
daily, engagements will continuously confirm the project’s direction and allow for ad-
justments as circumstances require. As an alternative, and particularly in cases where
the local authority has very limited in-house resources, a separate team of process

managers could be hired to act as agents in this regular engagement process.



3.4 Planning Team Structure

“The strength of the team is each individual member. The strength of each
member is the team.”

— Phil Jackson, basketball coach, 1945

The planning and establishment of a new public transport system within an ex-
isting urban environment is a huge challenge. Although the initial concept may have
germinated in the context of existing planning duties, it is advisable to structure, mo-
tivate, and select a dedicated BRT team to develop the planning phase of the system.
A quality BRT system can only be achieved within the desired time frame through the
appointment of a dedicated, full-time team of professionals in a carefully considered

employment structure.

3.4.1 Team Entity

There are two different philosophies regarding the selection of a development entity
for the new public transport initiative. Some cities assign the project to one of the
existing agencies, departments, or cost centers with responsibilities related to public
transport. These responsibilities may currently be limited to infrastructure, public
services, or transport regulation and policies. Related responsibilities could also in-
clude finance, air quality and pollution control or other environmental responsibili-
ties. The other philosophy is to create an entirely new organizational entity to plan
and implement the BRT system. This new entity may draw upon existing agency staff,
but in general would represent an entirely new team.

Each of the two options has its advantages. Utilizing an existing agency means
that the development team would be familiar with the current public transport situa-
tion. The existing relationship between the agency and transport operators could also
be advantageous if a history of trust and cooperation is present. Furthermore, by not
creating a new entity, existing groups should not experience professional territorial
conflicts. Any newly formed BRT organization may have overlapping responsibilities
with the existing agencies, resulting in duplication that may cause confusion, admin-
istrative conflict, and ineffective use of resources.

An entirely new organization offers the advantage of bringing a new perspective
to the local public transport system, whereas existing agencies may be too involved
with the current context to take the lead on a new initiative. In some cases, the exist-
ing agencies may be held accountable for the existing poor quality or lack of efficient
public transport in a city. An entirely new entity will not be as susceptible to the con-
straints of existing customs, biases, and processes. Additionally, the skills to deliver a
successful BRT system can be quite different from the skills required to regulate con-
ventional public services. BRT development tends to be significantly more customer
orientated and more entrepreneurial in nature. Some cities find that a dramatic im-
provement to the public transport system can only be achieved through the efforts of
a completely new structure or entity.

Some cities may decide to defer the final choice of agency supervision for a new
system until later in the BRT development process, and employ a temporary, ad hoc
team for the oversight of the BRT planning phase. The decision on the eventual or-
ganizational structure can then be determined through the planning process itself.
At the outset, a decision can be made that the planning team will essentially be dis-
banded once the work is completed and the system is fully operational.

There are examples of each type of approach. Sao Paulo, Brazil, and Santiago,
Chile, developed their new BRT efforts through existing organizations. Sao Paulo’s
Interligado system was coordinated by the secretary of transportation, with the par-
ticipation of the bus authority (SP-Trans) and the traffic authority (Institute of Traffic
Engineering). Sao Paulo’s organizational design was likely influenced by the fact that



Interligado was a priority project of the mayor and a strong institution already ex-
isted.

Santiago created a BRT project office within the national Ministry of Trans-
portation. This office coordinated efforts of the other contributing organizations,
such as the Secretary of Transport Planning (SECTRA), which was responsible for the
technical aspects of the BRT system development. Santiago also formed a project
committee consisting of cabinet-level officials and other key leaders, including the
Ministry of Housing, Ministry of Finance, and the president of the Santiago Metro.
Santiago’s BRT planning team structure reflects the strong nature of central govern-
ment institutions in overall decision making.

In contrast, Bogotd, Colombia; Lima, Peru; and Dar es Salaam, Tanzania, have
all created new entities to develop their systems. From the outset, Bogota created a
project office that reported directly to the mayor. This project office also coordinated
efforts from other city agencies, and eventually became the formal oversight agency
for the implementation and operational management of the TransMilenio system.
Other Colombian cities have followed the same model, particularly due to the fact
that national legislation in Colombia makes a specialized agency compulsory in or-
der to receive national grants. In a similar manner, Lima has also created a special
BRT project office, which has now transformed itself into a city agency called PRO-
TRANSPORTE.

Due consideration should be given to the fact that the most ambitious BRT plans
have emanated from newly created project offices or agencies. Bogota and other
Colombian cities stand out as high-quality BRT systems. By contrast, the Sao Paulo
and Santiago systems are possibly further from being considered full BRT, especially
when compared to systems that have been developed from a new institutional per-
spective. Thus, newly created entities may have an advantage in terms of being able
to go well beyond established thinking and develop a superior quality public transport
system.

In South Africa, a variation of the above has been employed, where new de-
partments have been created within existing municipal structures, complemented by
strong professional teams. The level of rollout of the individual systems in the major
cities in South Africa will still have to be evaluated over time to understand the level

of success in this methodology.

3.4.2 Team Members

Through the process of initial motivation and approval for the BRT system and the
start-up phases of the project, the number of dedicated team members could vary,
but should generally be relatively small. The initial team should likely have a flat
structure, where each individual carries sole responsibility for a function. Unless a
concerted restructuring process occurs, this initial team would then form the basic
structure for the future BRT team.

Although it may be feasible and more advantageous for the relevant authority to
outsource some of the functions or actions to consultants, the technical competence
and commitment of the in-house team are crucial to ensuring the appropriate levels
of and time frame for decision making.

It is widely assumed that the core team members should focus predominantly
on large budget items during the start-up and planning phases, such as infrastruc-
ture and vehicle specification. This assumption is supported by the fact that these
items generally have the longest implementation or manufacturing lead times. How-
ever, ignoring the operational and system planning at this stage will result in the
infrastructure team’s working in isolation from the future operational requirements,
or being forced to also assume the role of operational and system planners.



The natural tendency to populate the team with engineers, as engineers usually
lead transport projects, has merit in terms of their ability to formulate and motivate
the original concepts. True value is added by bringing on board team members that
are proficient in liaising with public officials, politicians, corporations, various play-
ers in the transport industry, media, and affected groups.

The ability of the team to communicate, be innovative, and formulate strategic
interventions will be central to the success of the project. As with all new interven-
tions that would change and challenge the status quo in the urban environment, the
success of the team may lie with individuals who relish the challenge, are passionate
about public transport, and are not risk averse!
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As BRT is growing from a relatively new concept to an accepted contribution
to public transport on six continents, more information sharing and technical train-
ing opportunities are available. This is widening the general knowledge base and the
number of appropriately trained professionals, thereby allowing the further popula-
tion of the BRT project teams.
Once the BRT concept is adopted and the initial planning phase has commenced,
the project champion and project executive should target a more appropriately staffed
team to better deal with the fast number of work streams and targets to be achieved
for the successful planning and implementation of the BRT system.
Careful attention should be paid to the continued training of in-house project
teams, to keep up with the knowledge and implementation experience gained by pri-
vate consultants who are more likely to work on different BRT projects in their ca-
reers. Opportunities for knowledge transfer between consultants and officials should
be facilitated.

3.4.3 Consultants

Appropriate Role of Consultants

The appointment of consultants on a BRT project could be a cost-effective way
of gaining key technical experience, if managed appropriately. The skills offered by
consultants who have already been involved in, or, more important, responsible for
the implementation of successful BRT projects elsewhere, will benefit the project
and in-house team without the cost implications associated with full-time employees
within the organization or local authority.

Perhaps more important, consultants assist in avoiding the pitfall of needlessly
reinventing lessons already learned elsewhere. International consultants with signif-
icant BRT experience can help smooth the path from planning to implementation. It
is highly likely that such consultants have experienced or witnessed firsthand many
of the problems facing the local team, and can therefore propose and plan for effec-
tive solutions. A local team working in conjunction with experienced international
professionals can ideally result in a combination of world best practices and local
context.

Inlooking closely at recent BRT projects, the positive influence of consulting ex-
pertise from previous successful projects is noticeable. With Curitiba’s early success



in BRT, Brazilian consultants were particularly involved with the subsequent initia-
tives in Quito and Bogotd. To this day, Brazilian consultants are closely tied to several
other initiatives, including BRT projects in Cali, Pereira, and Cartagena, Colombia;
Dar es Salaam, Tanzania; and Johannesburg, South Africa. Subsequently, Bogotd’s
highly acclaimed success has boosted the careers of those associated with TransMile-
nio. These consultants have been involved in a wide range of initiatives, including
projects in Cape Town, South Africa; Lagos, Nigeria; Guatemala City, Guatemala;
Lima, Peru; Mexico City; and Santiago. Consultancies from more developed nations
have also made their impact, with consultants from the United States and Spain mak-
ing substantive contributions to projects such as those in Bogota and Lima. Thus, a
BRT project may not only enrich a city with a new and efficient public transport sys-
tem, it may also spawn a new local service industry catering to the exportation of
BRT expertise. This is currently evident in South Africa, where several other cities
are now benefiting from the BRT lessons learned in the inaugural projects in Johan-
nesburg and Cape Town.

A city should not become overdependent on international consultants. The lo-
cal context is still best realized by local staff with a fully staffed agency, or with the
support of local consultants. The responsibility for key decision making must ulti-
mately still rest with local officials. Although this is usually the protocol embedded
in the existing statutory processes, it also adds to the depth and value attached to
these key decisions by the public and other stakeholders.

Consultants are one of several valuable resources that lead to knowledge shar-
ing. A prudent strategy could involve building the capacity of the local staff while
simultaneously making selective use of consulting professionals. Local consultants
can gain international best-practice knowledge and experience working with interna-
tional experts, absorbing this knowledge to apply in the local context, and contribut-
ing to the capacity of local staff. This not only shares existing knowledge of BRT,
but adds to the international knowledge base, as local context leads to alternative
solutions and applications of the core principles of BRT.

Consultant Selection and Appointment

While some cities have developed well-designed systems without significant as-
sistance from outside consultants, many cities find it advantageous to at least par-
tially make use of people with previous BRT experience. However, procuring consul-
tant services can be difficult for authorities with limited reference to the BRT experi-
ence available in the form of international consultants. There is often a bewildering
number of people who claim to have BRT experience. Given the vast variety of BRT
definitions and experiences, the perspectives and abilities of the consultants can dif-
fer greatly. Thus, establishing a rational process for evaluating potential consultants
can help ensure that governing authorities find and appoint the most appropriate and
professional members to the team. The appointment and selection of the most ap-
propriate consultants for a particular project adds to the importance of the project,
and is also a way in which to avoid planning mistakes (Section 3.8).

Consultant selection should foremost be characterized by an open and trans-
parent process. Secondly, structuring the process of appointing consultants to be as
competitive as possible ensures that the project developers have selected the most
qualified team members at the most cost-effective rates. This may not always be the
case, however, and particular care should be taken in the technical evaluation of con-
sultants. It is critical that the technical abilities and experience of consultants match
the vision and goal of the particular type of BRT system and the local context.

While designing an open, transparent, and competitive selection process may
at first appear to be a time-consuming endeavor, this part of the project planning is
fundamental to the future success of the project and, if dealt with correctly, can be
relatively easy to implement.



3.4.4 Project Management Structure

Once the project is officially announced to the public, a clear project management
structure should be firmly in place. While pre-project fact-finding activities may
be sufficiently conducted with a few staff members and/or consultants, the formal
project should be given a definitive personnel structure at the outset. The specific or-
ganizational structure will vary with local circumstances, but in all cases the structure
should reflect the importance given to a new public transport system for the city.

Perhaps most important, the chief political official overseeing the project should
be seen as the project champion. In most cases, this position should be held by the
local political leader, while the hands-on oversight of the deliverables should be the
responsibility of the political representative for transportation.

This type of direct leadership involvement could ensure that the project remains
a political priority throughout the development process. Caution should, however, be
taken that the project does not suffer from cross-party political manipulation or the
merit of the system be lost through the association with only one political party.

The management structure of a BRT project will benefit from internal and exter-
nal advisory committees or teams. The internal advisory committee usually consists
of other local authorities or entities with some interest in or interface with the project.
The external advisory committee would generally consist of key outside stakeholders,
including national government representatives, trade and labor unions, commuter
organizations, and local and international technical experts. Formal inclusion of all
key stakeholders in the process can promote the necessary buy-in to make the project
a reality. Giving voice and ownership roles to the various groups will ideally create a
spirit of shared commitment that will carry the project toward implementation.

The inclusion of related agencies and departments, such as public works, trans-
port, urban planning, finance, environment, and health in the steering committee
could ensure cooperation. Furthermore, at some point the support and knowledge
of these representatives could prove invaluable. Their inclusion could also limit the
risk of future competition for budget allowances or priority, and facilitate interagency

cooperation during the implementation of the BRT project.

3.5 Timelines and Phasing

“Even if you are on the right track, you will get run over if you just sit there.”

— Will Rogers, humorist, 1879-1935

3.5.1 Work Plan and Timeline

Once a vision is set for the BRT system and an initial team is formed, a detailed
work plan and time line focused on achieving the formulated vision will be required.
Through a systematic process, both the BRT team and the public will have a better un-
derstanding of the scope of the project and the necessary activities and commitments
to achieve this goal.

Invariably, cities underestimate the amount of time required to complete a full
BRT plan. A BRT plan can be reasonably completed in twelve to eighteen months,
but this time line can easily be longer in more complex and larger cities. However, as
experience with BRT planning increases, some cities may be able to greatly reduce the
required planning period, particularly when making use of lessons learned and best
practices from other teams, and as more general acceptance of the concept of BRT
occurs. The January 2006 launch of the Beijing BRT system came after just five months
of planning. The actual duration of the planning process will depend substantially on
the complexity of the project and on other local conditions.

Completing the work plan and time line will help ensure that important ele-
ments, such as public communication and education, are not inadvertently neglected.
Sharing the work plan and time line with politicians, the media and the public could



also ensure that all interested and affected parties have a realistic understanding of
the progress of the project.

Despite well-considered planning, the passage of time and unexpected events
may necessitate adjustments or amendments to the original work plan and time line.
The work plan and time line should be periodically revisited and revised during the
planning process. It is worth considering the value of using appropriate software
packages to detail the project components so that each step is carefully evaluated
from a timing perspective. A detailed time line will also clearly link associated activ-
ities and trigger alerts if critical milestones are compromised. Despite the intrinsic
value of a detailed work plan and time line, individual stakeholders may still benefit
more from a carefully abbreviated representation of these documents, highlighting
the salient items relevant to their individual perspectives rather than employing the

detailed work plan and time lines in all circumstances.

3.5.2 Project Phases

Benefits of Project Phasing
A BRT can be phased in over several distinct periods or built in a massive single
effort. Typically, cities choose to construct a system over a series of phases, necessi-
tated by a combination of several factors:
» Financing for the entire system may not be immediately available;
e Results from the initial phase can help improve the design in subsequent

phases;

The limited number of local construction firms may not be sufficient to
construct a system across the entire city;

» Phased construction reduces the disruption that the construction process
brings to the citywide traffic flows;

Decision makers may want to test the response to the initial BRT system

planning before committing to a particular concept or elements thereof

for the future rollout.

The initial vision of the overall BRT system will likely evolve as circumstances
change and time lapses. Despite the fact that the evolving nature of the urban land-
scape means that corridors and concepts may be altered, in general, the overall con-
cept of improved, affordable, and reliable public transport (BRT) will still be valid.

The factors that may change over the development horizon of the project in-
clude:

« Demographic changes in population numbers and density;
« New property developments that significantly alter travel frequency around
major origins and destinations;

Cost factors for both infrastructure and operations;
* New vehicle or operational software technologies;
e The type and availability of funding sources.

Additionally, the lessons learned during the first phases of the system will un-
doubtedly affect future planning and designs. The BRT-development process should
be a dynamic one, with constant improvement to best serve the customers in a chang-
ing city environment.

In contrast to the above, phased implementation will result in distinct types of
operations coexisting, each with different rules, actors, and conditions. A large-scale
adaptation of the new system across the majority of the city can reduce the confusion
and inconsistencies created by a phased approach. While a large-scale approach is
typically unlikely due to physical and budgetary constraints, some small and medium-
sized cities may be able to deliver the bulk of their entire network through a carefully
planned single phase.

A Whole-System Vision



Even when a system is to be built over a series of phases, it is still worthwhile
to formulate and adopt a vision for the entire BRT system. Such a vision may consist
simply of a route map showing a schematic representation of where all the planned
BRT corridors are intended. This enables residents and stakeholders to appreciate the
long-term benefits of the planned system, even if personally unaffected by the initial
implementation phases.

Furthermore, the confirmation of a holistic network vision will be seen as a
legacy from the existing political administration to future administrations. If the
concept of an entire network is firmly entrenched, then there is less likelihood that fu-
ture administrations will forgo implementation of the full system. This has particular
benefit if the initial planning and implementation delivers a reliable and sustainable
system.

The loss of political will is always a risk when moving from one political ad-
ministration or dispensation to the next. In many instances, the political instincts
of the incoming administration are to jettison everything proposed by the previous
administration.

A phased approach also should not be an excuse for an overly timid first phase.
An extremely limited initial phase may not produce the necessary results to justify
further phases. BRT along a single corridor may also not attract sufficient customer
numbers to become financially sustainable, thereby causing public uncertainty to-
ward the entire concept. If this is not evaluated in the large context, and the financial
model fails in the first phase, the project may lose impetus before a second phase can
be planned and implemented. A single-corridor strategy depends heavily on an in-
tense mix and concentration of activities in close proximity to the BRT system. This
highly idealized and mostly theoretical set of circumstances typically means that a
single corridor cannot achieve sufficient customer flows to be self-supporting. The
limited usefulness of a one-corridor system will also be detrimental to the general
support for the future system.

Evolution Versus Revolution

The critical question is whether to approach a BRT system by a strategy of evolve-
ment (evolution) or intervention (revolution).

A revolutionary approach implies that the city commits to a bold plan for an en-
tirely new, citywide transport system. This approach depends on a highly motivated
project champion with the ability to gain widespread support for a wider vision. A
revolutionary approach will implement all aspects of a full BRT system at once.

An evolutionary approach implies that the city should begin developing its new
system slowly, by progressively implementing relatively small projects one at a time,
or in basic increments. This approach may only implement a limited system or a
number of BRT elements at one time, and is typical of a system with limited political
support, or where support for the system is gained with successful implementation,
such as was the case with the Rea Vaya and MyCITI systems in South Africa.

Both Bogotd and Curitiba achieved BRT success through the highly charismatic
leaders or champions who developed a revolutionary vision for the systems in these
cities. The initial corridors of these two cities were built in only a few years, but
were of sufficient size to achieve financial sustainability even at the outset. Bogota
implemented virtually all elements of BRT in the initial phase of the project. Curitiba
implemented most of the physical aspects of BRT in the early 1970s, but many of the
critical management elements of BRT emerged only gradually.

In contrast with the above revolutionary approach, Jakarta initiated its BRT
project with a limited single corridor only 12.9 kilometers long. The limited nature of
the Jakarta system was further exacerbated by the lack of integrated feeder services.
Unsurprisingly, ridership on the initial corridor has not met expectations.

The above examples show the impact the initial vision of system quality and
political motivation has on the quality of the ultimate product.



To an extent, many of the most recent BRT systems have made compromises be-
tween system quality and quantity. The amount of resources expended per kilometer
will ultimately affect the number of kilometers constructed at any given time. While
BRT is generally more cost-effective than other public transport technologies, there
are limits to all infrastructure financing. Therefore, it stands to reason that cities that
target and develop high-quality systems may be effectively reducing the number of
kilometers constructed, specifically over the short and medium term.

Bogota and Cape Town represent perhaps the highest quality BRT systems de-
veloped to date in the developing world. The clean, modern vehicles, aesthetically
pleasing architecture, and use of smart cards all contribute to a system that closely
resembles a metro system. To date, Bogotd has completed two project phases and
Cape Town only one. In the example of Bogot4, this totals 380 kilometers of busways.

However, the high quality of the TransMilenio system translates into increased
construction costs that limit the speed at which financing can be obtained for the de-
velopment of the system. The overall length of the system directly affects ridership,
since a system’s network of origins and destinations has direct bearing on the usabil-
ity thereof. It should be considered that a commitment to build a very high-quality
system will reduce the speed at which a full network can be constructed.

In contrast with the aforementioned cities, places such as Santiago, Sao Paulo,
and Seoul, South Korea, are some of the best examples of a more citywide approach
to system development. Both Santiago and Sao Paulo have effectively decided to re-
structure and reorganize the entire city bus system in one process. The entire net-
work is being bid and concessioned at once. These systems have tended to incorporate
more of the existing bus operations into the new system, whereas in Bogota there is
a sharp distinction between the BRT system and the non-BRT system, with the latter
characterized by old, poor quality buses and minibuses.

To an extent, the type of BRT found in cities like Santiago, Sao Paulo, and Seoul
may be seen as hybrids between BRT and standard bus services, akin to the definition
of a “BRT light” system given in the introductory section of this planning guide. These
systems have fairly modest station infrastructure, often incorporate existing buses
into the system and as part of the feeder routes, and some even utilize curb-aligned
stations, thereby causing buses to be negatively affected by turning mixed traffic. The
hybrid systems also make use of fare verification on board the buses, greatly reducing
stop efficiency and average vehicle speeds. Another detractor from “BRT light” would
be the loss of universal accessibility across the full system when older, existing buses
and infrastructure are used as part of a BRT system.

While the approach taken by cities such as Seoul can be interpreted as a trade-
off between quality and quantity, the actual motivation behind this type of BRT plan-
ning may be found in the limited sector reform in these cities. Cities such as Bogota,
Curitiba, and Cape Town have benefited from highly motivated political leaders who
prioritized public transport. In Curitiba this even resulted in the entire restructuring
of the transport system around the customer. While it may require more time to cre-
ate a full BRT network, the final product will clearly be car-competitive—and more
appealing to the widest possible customer base.

Although there are clear politically motivated and technical reasons for each
type of BRT system, neither approach is inherently correct or incorrect. Given the
limits of financing resources and construction capabilities, there will always be the
need to make some form of concession between quality and quantity. Political leaders
and local planning officials must decide which type of system will be best suited to
the unique political, cultural, social, physical, and economic realities of a given city.



3.6 Planning Budget and Financing

“Don’t tell me what you value, show me your budget, and Ill tell you what
you value.”

— Joe Biden, vice president of the United States, 1942-

3.6.1 Budget

The realistic scope and depth of the BRT planning process is largely determined by the
available funding. Notwithstanding available funding, the project planning should
initially provide a total system cost based on the full project as detailed in the work
plan. This cost estimate must include all the project activities, including payment for
resources like staff salaries and professional fees, travel and study tours, communi-
cation, and administrative support. Although some cost items may be embedded in
existing staffing structures or administrative functions, all elements should be item-
ized and the funding sources nominated.

The cost estimate for the planning phase must also allow for escalation or in-
flationary trends, as this phase of the project will often run over fiscal years. Project-
ing costs and compiling budgets is generally susceptible to unexpected or unforeseen
changes, thereby necessitating budget adjustments. Thus, it is considered prudent
to include a realistic contingency plan. This is generally indicated as a percentage of
the total project budget.

Budgets should be as realistic and detailed as possible. Overly optimistic pro-
jections will ultimately be compared unfavorably to actual results, thereby tarnishing
the image of the project from the initial stages.

BRT planning costs have historically shown considerable variation, depending
on the scope and complexity of the project. Due to the fact that staff salaries or pro-
fessional fees are usually the largest contributor to the project costs, the budget can
vary greatly depending on the staffing and resources model that is used for a partic-
ular project.

BRT planning projects generally cost relatively less than other public transport
options, and an additional planning budget should be obtained to ensure the most
effective planning process. Skimping on the provision of resources for the planning
process and rushing the implementation process to adhere to deadlines dictated by
political imperatives can prove costly in the long term. Proper planning helps cities
avoid basic mistakes that can significantly drive up costs. Section 3.8 of this chapter
elaborates on this statement.

3.6.2 Funding and Financing Sources

Funding refers to the general provision of monetary resources for a project. Financing
refers to the mechanism required to cover the difference between the available fund-
ing and the total amount required for the project. Financing may refer particularly to
circumstances where there is an additional cost associated with procuring funds (e.g.,
interest-based loans). In the case of BRT planning, financing is usually not required,
and the political commitment to the project is potentially a greater determinant in
the decision to undertake the planning process, rather than any fiscal limitations.

Local, provincial, and national entities are the logical starting point for identi-
fying funding sources for BRT planning. However, the cost effectiveness of BRT has
also meant that many international sources are supportive of BRT planning efforts.

Local, Provincial, and National Funding Sources

In some instances, a local municipality may hold sufficient budgetary resources
to plan a BRT project without any outside assistance. This is particularly true in sce-
narios where the municipal leader is firmly committed to a new public transport sys-

tem.



The viability of self-funded efforts will also depend on the technical capacity of
the government bodies charged with the planning and design of the system. If the
technical capacity is relatively strong, and many of the staff members already have
experience with BRT, a large part of the planning could be accomplished internally.
In such cases, the planning costs may be covered through existing operating budgets,
thus resulting in nominal planning costs. These types of short-term cost savings often
carry significant long-term liabilities.

In cities with limited in-house technical capacity, external and/or international
consulting expertise may be required. In these cases, the higher planning cost may
make sole reliance on municipal funding for the planning process more difficult.

In most cases, cities require local, provincial, and national government contri-
butions from the outset of the BRT project. International support organizations often
consider the scale of the local contributions as an indicator of the commitment of a
city or country to the actual implementation of BRT. Any city would likely accept a
free BRT plan, but without any local commitment of funds, there is very little com-
mitment to the delivery of the system. Thus, many external funding sources require
a significant local contribution (often half of the budget) as qualifying criteria to re-
ceiving international planning funds. Provincial and national commitment could be
measured in the same manner.

Additional funding input from provincial and national agencies may be another
option that could limit the need for outside funding. In some cities, provincial and
national agencies may actually be responsible for BRT planning and implementation.
Examples of provincial funding sources that have provided impetus for BRT planning
can be found in Bangkok and Jakarta. In Colombia, the national planning agency
has played a central role in exporting the TransMilenio concept to other cities, and
in the South African context, the national transport authority provides financial and
technical support to cities such as Cape Town, Pretoria, and Durban.

The addition of technical experience available with provincial and national agency
involvement creates the added advantage of guiding budgetary spending provided by
these agencies. It should, however, be expected that additional agency involvement
in the project can also imply increased managerial complexity and potential conflict,
specifically when the different levels of government are represented by different po-
litical parties.

In some instances, the local transport situation can deteriorate to the point
where the private sector may take it upon itself to seek a viable alternative. Private
sector involvement may stem from local officials essentially abdicating responsibil-
ity for managing and promoting public transport. Clearly, private sector involvement
will also include some level of self-interest, in which the private sector groups expect
the improved public transport system to deliver corporate profits.

Vehicle operating companies may view the BRT system as the principal means
to improve their profitability. Operators may also be responding to increased com-
petition from the informal-transport operators of minibuses and vans that are filling
a market gap left by poorly organized and managed formal services. The develop-
ment of BRT in Curitiba is possibly the reason Curitiba is the only major Brazilian
city where informal vans have not infringed upon the formal public transport system.
This concept is underscored by the consortiums of private operators that have led BRT
planning efforts in several cities, including San Salvador, El Salvador, and Santiago.

Another example where private entities may have an interest in BRT develop-
ment can be found in Manila, where a local property-development company has ini-
tiated BRT efforts in districts near business parks owned by the firm. A formal public
transport system in the immediate area would create value to the property company
through improved property values and better access for employees.

Private manufacturers may also have a vested interest in BRT. An example would
be vehicle manufacturers that could benefit from increased sales stemming from new



BRT vehicles. Additionally, as in the example of Dhaka, Bangladesh, fuel suppliers
may also see an advantage to BRT promotion if their product is likely to be chosen for
improved environmental performance. Based on these and similar examples, local
authorities may find it beneficial to form alliances with private sector associations
that would be mutually beneficial allies in BRT development.

International Funding Sources

Development banks and international organizations have recognized the suc-
cesses of BRT. The lack of large capital debts and necessary operational subsidies re-
sults in these organizations typically identifying BRT as an option to promote and
facilitate.

The plethora of international organizations now interested in BRT means that
cities have a healthy supply of funding options. The role of international organization
is particularly relevant to the planning process. The mandate of many international
organizations revolves around issues such as capacity building, information dissemi-
nation, and project facilitation. All of these are directly related to planning. Further-
more, most international planning assistance arrives in the form of grants and not
loans. Planning funds, therefore, typically do not carry any additional funding costs.

The international resources often also bring the additional advantage of in-
creasing access to professionals with international BRT experience. An international
organization may have a relationship with top BRT consultants, many of whom would
not ordinarily be available or affordable to a particular city. A local government within
a developing nation may have little knowledge about which international consultant
to confer with or engage in an impartial audit of a BRT project. International organi-
zations may be involved in several cities or countries simultaneously, and therefore
able to identify and recommend the best-performing consultants for a particular new
planning process.

Likewise, some leading experts, both local and international, will not work di-
rectly for municipal governments because of potential risks in terms of delict and
probity. By contracting directly with international organizations and not the govern-
ment, the consultant will be more confident in accepting the assignment.

International organizations can also suggest and ensure that local and inter-
national consultants work as a united team. As noted earlier in this chapter, local
consultants possess critical knowledge of the local context, while international con-
sultants may have greater BRT experience. As BRT is rolled out to more cities and
hubs, the local and national knowledge gained is potentially consolidated, thereby
offering local consultants a greater role in BRT planning within a country.

The local and international consultants may not work in a complementary man-
ner if each group feels that the other is inadequate, either from lack of BRT experience
or the lack of appropriate local knowledge. The presence of a respected international
organization, such as a bilateral agency or development bank, could mediate such
differences and create a context for team cohesion.

The main disadvantage of involving international funding sources can be the
amount of effort required in the application and motivation process. International
organizations may require an extensive analysis of the city’s transport history, as-
surances and commitments from all relevant agencies and departments, calculations
and checklists for all mutually targeted benefits, and a detailed framework and time
line for targeted goals. While this application process proves valuable in terms of
the inadvertent requirement for project preparation, the amount of time and effort
involved may not be feasible in the current context of the resources available to the
project at the early stages of the process. Furthermore, several such applications may
be required before the anticipated support and commitment are secured.



3.6.3 Funding and Financing Examples

Bogota

As perhaps the premier BRT system in the world today, Bogota’s TransMilenio
benefited from some of the best consulting assistance offered to date. Since few high-
quality projects had been completed prior to TransMilenio, Bogota essentially paid for
the development of many groundbreaking concepts in the BRT field. Projects have
benefited from Bogota’s knowledge and experience ever since. The planning costs of
new projects, therefore, have had the potential of being significantly reduced due to
the efforts of Bogota.

In Bogotd, the largest contract was for a management consultant firm (McK-
insey) to provide overall project management, as well as to set up TransMilenio SA,
the operating authority in charge of the BRT system. McKinsey’s participation was
funded by the municipality through an account with the United Nations Develop-
ment Programme (UNDP). For almost three years, the municipality of Bogota held a
technical-assistance agreement with UNDP, which the municipality would pay into a

UNDP account. These funds would then eventually be applied to international tech-

nical assistance. Since these funds were already committed, the municipality simply Figure 3.5. A BRT station in Bogota. Karl Fjellstrom,
ITDP,

allocated the money to the BRT project.

The remaining consultant contracts were also supported by municipal funding.
The planning, design, and engineering work was paid for largely out of the ongoing
budget allocations from Bogota’s Department of Transportation. This work was con-
tracted to an international planning firm, Steer Davies Gleave. In turn, Steer Davies
Gleave subcontracted some of this work to Brazilian experts from the firm Logit. Due
to this consulting team’s efforts, the TransMilenio system has proved to be fully self-
financing, and an exemplar of BRT planning and implementation. Thus, the large
planning expenditures have helped save the city financial resources perpetually.

Quito

Like Bogotd, Quito used ongoing budget resources to finance all of the BRT plan-
ning. However, other than one international UNDP expert brought in during Phase II,
all of the planning and design work was done in-house by the planning department of
the Municipality of Quito. The costs were much lower than Bogota’s, and are difficult
to define precisely, as they were covered by the normal ongoing budget of the plan-
ning department. The total planning costs are estimated to have been approximately
US$300,000.

While Quito represents an admirable effort for a city with limited resources, the
exclusive use of in-house staff may have contributed to some of the system’s operat-
ing and financial difficulties. On the first BRT corridor, the Trolé line, the selection
of electronic trolley bus technology helped minimize the environmental impacts, but
this technology undermined the overall cost effectiveness of the system. The use of
electric trolley buses and the infrastructure requirements thereof meant that the to-
tal corridor cost came to approximately US$5.1 million per kilometer. This amount

represents a cost of nearly US$4 million more than subsequent corridors that did not ]
utilize electric trolley bus technology. Since the Trolé line has not been entirely self- ::?o‘:;‘?%’é Inside a BRT station in Quito. Karl Fjell-
financing, the corridor has remained in the hands of the public company. However,
Quito has since attempted to privatize this corridor.
The two new corridors in Quito have also suffered from operational difficulties,
especially with respect to the business structure. The concession contracts given to
existing operators for the Ecovia and Central Norte lines have limited municipal con-
trol over system quality and effectiveness. Further, since none of Quito’s corridors
are integrated with one another, the system offers little in terms of customer con-
venience. It is possible that many of these problems could have been avoided if the
city had solicited input from international BRT experts. Quito is subsequently in the



process of reorganizing contractual arrangements along the Ecovia and Central Norte
lines.

Mexico City

Planning for the Mexico City BRT system has attracted considerable interna-
tional donor support. The total amount spent on system planning is estimated to
be more than US$1 million. The detailed planning work for two BRT corridors in the
Federal District and very preliminary analysis in the State of Mexico was financed by a
World Bank-sponsored grant from the Global Environmental Facility (GEF). The Fed-
eral District used this money to hire local consultants to develop designs in the Insur-
gentes (Getinsa) and Eje 8 (Eteysa) corridors. The Shell Foundation and the Hewlett
Foundation paid for international experts to review the Federal District plans. This
international-review process was largely managed by WRI-Embarq’s Center for Sus-
tainable Transport, along with support from ITDP to review pedestrian access issues.

The German Technical Corporation (GTZ) funded the State of Mexico’s plans,
which were developed by the consulting firm of Cal y Mayor. In turn, ITDP funded
international experts to review these plans and to prepare a financing plan for the
system. The State of Mexico has also contracted the Jaime Lerner Institute, the orga-
nization headed by the former mayor of Curitiba, to develop another pre-feasibility
study of the system.

Delhi, India

In Delhi, approximately US$500,000 has been spent on planning the Delhi High-
Capacity Bus System. The financing for this plan has come from three sources: the
Delhi government’s general tax revenues, a grant from USAID to ITDP, and a general
grant from the Volvo Foundation to the Indian Institute of Technology’s Transporta-
tion Research and Injury Prevention Program (IIT TRIPP). The funds from the Delhi
Government (approximately US$300,000) were used to contract out to IIT TRIPP and
several private planning firms.

In the case of Delhi, most of the planning work has focused on operational and
detailed engineering design. Little to no initial investment has been made for the
purpose of demand analysis. As a result, the planned corridors may well contribute
to the further congestion of mixed-traffic lanes without providing substantial time-
saving benefits to public transport customers. The so-called cost of this design flaw
will manifest in the form of congestion imposed on the mixed traffic, translated to
increased fuel consumption and time cost.

Jakarta

The TransJakarta system in Indonesia was planned with funding from the provin-
cial government (DKI Jakarta). The government contracted three local consulting
firms for different elements of the planning phase: Pamintori Cipta, Ernst & Young,
and the University of Indonesia’s Center for Transportation Studies (UI CTS). With
supplemental funding from USAID, ITDP has organized a review of the plans pro-
duced by international consultants. Additionally, the USAID funds have supported
study tours for key staff, work on demand modeling, public relations activities, and
NGO efforts to facilitate public participation.

Dar es Salaam, Tanzania

Dar es Salaam’s BRT planning efforts have been financed to date through four
different sources. The largest share, of approximately US$1 million, was part of the
World Bank loan package known as the Central Roads Corridor Improvement Project.
An additional US$500 was awarded through a UNEP-sponsored GEF project that is
being managed by ITDP. This GEF-funded component is focusing on planning of the
institutional and business model, capacity building, and non-motorized transport fa-
cilities. The municipality of Dar es Salaam contributed an additional US$600,000 to
the two-year planning process. Another US$100,000 was awarded through a USAID
grant that was also managed by ITDP.

Figure 3.7. At-grade pedestrian access to a BRT sta-
tion in Mexico City. Karl Fjellstrom, ITDP.

Figure 3.8. Even with the system’s challenges, Trans-
Jakarta is a great alternative to private vehicles. Karl
Fjellstrom, ITDP.



Dar es Salaam provides one of the best theoretical examples of funding diversity.
By approaching multiple sources, Dar es Salaam is not dependent on a single orga-
nization. Further, since different funding sources tend to focus on different project
aspects, this funding diversity also brings two other advantages:

1. Provides access to multiple sources of consulting expertise;
2. Ensures all aspects of the planning process are adequately addressed.

Building a synergistic package of funding sources should thus be a priority in
any funding strategy. It should, however, be noted that this strategy would require
a strong and competent management base to coordinate the various funding sources
and the associated teams, to maintain a central focus and product goal.

China

In China, technical support for the first BRT system in Kunming originated from
the Swiss government via the Zurich Sister City Project, with matching funds from
general municipal government budget revenues. Technical support to Shejiazhuang
came from general municipal government budget revenues, with some loan funds
from the World Bank. Subsequent technical support to Beijing, Chengdu, Xian, Jinan,
Hangzhou, and Kunming stems from the Hewlett Foundation and the Energy Foun-
dation, always with matching municipal funds for project staff and surveying work.
The Rockefeller Brothers Fund originally provided technical support in Guangzhou,
but more recently the project is being supported through the funding assistance of

the Hewlett Foundation.
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Figure 3.9. The Gangding BRT station during Guangzhou’s evening peak rush hour. Karl Fjellstrom, ITDP.

3.7 Probity and Risk Management

“Take from a man his reputation for probity, and the more shrewd and
clever he is, the more hated and mistrusted he becomes.”

— Marcus Tullius Cicero, philosopher and politician, 106 BC-43 BC

BRT planning and, in particular, implementation projects have considerable po-
litical profiles and the potential for massive international, national, and local invest-
ment, and are therefore very susceptible to corruption. Various opportunities for cor-
rupt practices could occur from the early planning stages to the operational phases of
the project, and at every facet in between. Vigilance and careful planning for probity
and risk management should be considered. The potential types of corruption could
include anything from financial mismanagement or fraudulent budget practices to
misrepresentation of technical ability by consultants during the procurement pro-
cess.



Mismanagement or corrupt practices at any stage of the project have the po-
tential to discourage financial investment and tarnish the image of the system in the
minds of potential customers. Corruption could also reflect negatively on the polit-
ical drivers of the project or any of the team members associated with other aspects
of the project.

The initial risk-management principles may be implemented by the political
driver of the project, the contracting authorities, or the funding sources, but should
ideally be addressed by all involved in these early stages. This responsibility most
often rests with the national or local authorities responsible for the BRT-planning
project, through the various legislative procedures guarding against corruption in
government, or through the terms of reference imposed by the funding sources, in
particular international development banks and similar institutions. This high level
of probity during the legislative and financing phases of the project can then be struc-
tured to continue through the project, with risk management built into the other
stages as financing rolls out (such as structured budget reporting on a monthly, quar-
terly, or annual basis), or professional contracting through transparent procurement
processes.

Furthermore, professional consultant contracts can be written to include penalty
and incentive clauses to encourage the required level of professional performance.
Such clauses for planning work typically relate to the timely delivery of the contracted
product. However, incentives can also be applied to the quality and acceptability of
the product. The crafting of incentive language must be carefully phrased, as ill-
conceived performance measurement clauses can cause unintended results.

Ultimately, the best defense against problems relating to quality and productiv-
ity is to work with firms that have a known reputation or record of delivery of quality
products. This will result in long-term relationships based on confirmed integrity and
trust between the authorities and the professional teams. When risk management be-
comes a problem, then professionals with long-standing experience and good track
records of professional insurance are a preferred option to authorities.

The continued review of all aspects of the project is discussed elsewhere in this
chapter, but should equally be referenced in the context of risk management. While
important, the management team should be alerted to guarding against the potential
paralysis that may result from overemphasis of this safeguard.

3.8 Avoiding Common Planning Mistakes

“Sometimes when you innovate, you make mistakes. It is best to admit them
quickly, and get on with improving your other innovations.”

— Steve Jobs, cofounder and former CEO of Apple Inc., 1955-2011

At the outset of the project, the planning team should make every effort to ob-
serve the lessons learned to date from previous BRT projects. Both successes and
failures of previous BRT efforts should be noted. In many ways, the problems and mis-
takes encountered from past efforts may be even more instructive than the successes.
Recognizing and avoiding the most common errors can save a city considerable time
and resources.

Although some of the following lessons regarding the avoidance of planning
mistakes have been dealt with earlier in this chapter, it is useful to reflect on the
most important elements in a separate discussion.

It is almost always less costly to get a system right the first time, rather than
attempting to correct problems later. Once operator contracts are signed, it becomes
more legally and financially challenging to negotiate changes. Attempts to integrate
Quito’s three independently operated busway corridors have been thwarted due to
the existing contractual arrangements. Likewise, revising the system concept plan
while designing the infrastructure can be both physically and financially difficult.



In Brisbane, a miscalculation of demand and the use of standard-sized vehicles re-
sulted in severe busway congestion at one major station. The subsequent retrofitting
of a passing lane through the station area resulted in an additional cost of US$11.4
million. This underscores the need for adequate project planning at the outset, and
progressive approvals at regular intervals during each phase of the entire project. Al-
though BRT systems are generally the most adaptable of all forms of public transport
systems, fundamental changes late in the process can be very costly in terms of both
the budget and the program. Fundamental changes could also damage the public
perception of the system at critical times.

Bangkok proposed to construct its Phase I BRT system along the Kaset Nawamin
corridor specifically because there was no traffic or congestion on the corridor. The
lack of demand along the corridor was attractive because it meant that the BRT sys-
tem would have no effect on mixed-traffic flows. However, at the same time, there
was virtually no public transport demand along the corridor either. While building
a high-technology BRT system along such a corridor might prove a testing ground
for the concept, it would not likely be financially viable. Building a system where it
is easy to do so is unlikely to serve the interest of public transport, enhance the im-
age of sustainability in public transport, and raise questions regarding the political
or administrative support to the initiative.

The long-term BRT planning in Bangkok has given relatively little considera-
tion to customer convenience. The system calls for all corridors to terminate prior
to arriving in the city center. Additionally, the system routing forces most customers
to make multiple transfers prior to even arriving at the final stop, which is located
outside the key city-center destinations. Once arriving at the periphery of the central
area, customers are expected to either transfer to the rail system (which also serves a
small number of corridors) or transfer to other options such as taxis.

The initial phase of the Jakarta system and the demonstration phase of the Bei-
jing system both suffered design problems that inhibited the performance of the sys-
tems. The litany of initial problems that can be identified in the Jakarta system are
as follows:

« Existing buses were allowed to continue operating in the mixed-traffic
lanes along the busway corridor, resulting in congestion for private ve-
hicles;

e Lack of competitive tendering for professional services;

e Lack of competitive tendering for the smart card system, resulting in a
nonfunctioning fare system;

« No feeder services were provided in conjunction with the relatively short
Phase I corridor;

* A subsequent attempt to integrate the BRT and the existing public trans-
port fares failed due to existing operators not accepting the transfer tick-
ets;

« The public procurement of vehicles resulted in vehicles too small for the
given demand;

« Stations were also too small for the given demand;

Vehicles with only one doorway resulted in slow boarding and alighting
times.

The problems associated with the Beijing demonstration phase included:

Construction of a BRT facility in a corridor with relatively minimal public
transport demand;

« The only segment of the corridor that could have benefited from a ded-
icated busway was the one portion for which no exclusive busway was

planned;



« Interior-seating design of the vehicles provided space for 1.5 customers,
translating to the reality that an 18.5-meter articulated vehicle had ap-
proximately the same customer capacity as a standard 12-meter vehicle
with optimal interior design;

¢ The 5-meter-wide busways were of generous width for a standard busway,
but did not allow for passing width or two lanes.

Fortunately for both the Jakarta and Beijing efforts, the planning and design
of subsequent phases have assisted in reversing or mitigating a large number of the
problems listed above. Nevertheless, problems associated with the initial phases of
a system can do much to damage the image of the system for future rollout. Thus,
cities are encouraged to study the lessons learned elsewhere from the outset of the
planning phase.

Perhaps the most serious type of risk to the planning and implementation re-
lates to political continuity. There are numerous projects that have begun in a promis-
ing manner, only to stall or collapse due to a lack of political will or a change in lead-
ership. In many cases, cities have expended significant resources in sending delega-
tions on study tours and hiring consultants to develop scoping studies. Cities such
as Dhaka, Bangladesh; Shanghai, China; Hyderabad, India; and Pueblo, Mexico, have
experienced delays to the planning and implementation of their potentially feasible
BRT systems due to several of these reasons.

The rest of this chapter deals with some lessons learned and ways to contribute
to the success of planning, designing, and constructing a BRT system.

3.8.1 Appointing a Quality Professional Team

Although BRT planning, design, and implementation is a fast-growing part of inter-
national public transport, it is still often a new initiative in many cities. The associ-
ated learning curves challenge local teams to gain a good understanding of all aspects
of BRT to ensure that they plan for the most appropriate system for the given context
and that the resulting infrastructure meets the operational requirements. Therefore,
when procuring a professional team, great care should be taken to set the quality re-
quirements of the team at sufficiently high levels to ensure that a suitably qualified
team can be appointed. Key personnel must have recent and relevant experience, and
if teams want to meet the quality thresholds it might be necessary to recruit personnel
internationally.

As much as the planning- and project-management teams require a full under-
standing of the international best practices of all the components of a BRT system,
the team responsible for the implementation and operational phases of the project
will equally need the skills to adapt and modify the international principles and to
implement designs that meet local standards. As an example, the introduction of
BRT lanes at signalized intersections may require the use of the existing traffic-signal
policy, which may have been developed without any thought that BRT would one day
be implemented. This often requires amendments to policies in close coordination
with local policy makers and implementation agencies, and should be flagged early
in the planning stage to minimize the impact of the (usually) slow or cumbersome
legislative processes on the implementation stages.

International best practices and the appointment of the best possible team should
trump the cost of the procurement of the professional teams, as the appointment of
inexperienced professionals can cause far larger costs and budget overruns through-
out the entire process, not only in the planning stages.



3.8.2 Regular Review Processes

As described earlier in this chapter, planning teams should, from the outset of the
project, be made aware of the expectation that regular reviews or engagements for the
purpose of auditing or regulating will be required. The concept that a regular review
process is required and implemented should be a fundamental part of the entire BRT
project, and included in all levels of the project team, from the political champion to
the various consultant teams and technical specialists, in a cascading hierarchy.

BRT planning processes include a wide range of technical and decision-making
input, and the various work streams should be audited and reviewed by the most
knowledgeable authority in the relevant field, to ensure an appropriate review pro-
cess. The homogenous nature of an individual review process within the larger project
will ensure that the interaction is of an appropriate level, and can add true value to
both participating parties.

The continuous, regular review of the planning phase of the BRT project will
serve to install this way of process value-added in the project team at the outset, and
this precedent should then be carried through in each subsequent implementation
or operational project phase. Equally, the high level of review of the planning team
should continue until this phase is complete. Project managers or authorities should
then disseminate historic review data to ensure continuity and a frame of reference
for future processes.

The availability of officials and key managers for regular review engagements is
critical for an effective and efficient process, and should be scheduled and committed
to in advance. The regularity of the review process is a further critical contributing
factor to this process. Ideally, weekly engagements on a specifically agreed time and
place will be the best approach. The immediate feedback and guidance derived from
such regular meetings allows instant incorporation of or adaptation of new informa-
tion or practical occurrences that impact the planning process.

The various funding providers may also require this review process to ensure
that the level of technical input, project progress, and the budget take-up are appro-
priately matched. This element of the review process will be as critical to the future of
the BRT project as any of the technical reviews on the implementation or operational
planning of the system.

3.8.3 Accurate Budget Calculations

In BRT projects, the implementation and operating costs comprise a high propor-
tion of the overall cost of a BRT system. An experienced planning team can deliver
comprehensive and informed budget projections for these phases of the project. In
contrast, the planning stage of a BRT project is often the least budget-hungry phase,
while providing the opportunity to create and test the best plan for the future rollout
of the entire project. Through the dynamic planning review process discussed ear-
lier, the team can do relatively accurate budget calculations at an early stage of the
project, which will drive the funding process, the cash flow predictions, and the gen-
eral rollout of the rest of the BRT project. An experienced team can start delivering
value-engineered implementation initiatives that will support the political drive and
continued funding of the project.

Once a BRT system is operational, it needs to operate for many years without
failure, as any disruption to the busways and stations will result in major disruptions
to public transport services and inconvenience customers. Furthermore, cities can do
without adding significant maintenance costs to their already small and underfunded
maintenance budgets. This again emphasizes the need for accurate budget calcula-
tions at the planning stage of the project, with continued updating of the budget to



allow for escalation or improvements resulting from the review process or the dynam-
ics of a city. Chapter 21: Infrastructure Management and Costing contains a model
of ITDP’s BRT Cost Calculator.

3.8.4 Understanding All Elements of the System

Due to the expansive nature of BRT networks, as well as the fact that this is often
a new concept introduced into an existing urban environment with the associated
challenges, it is likely to be impossible for a city to build an entire BRT network in
one phase. It is important for cities to plan the entire integrated public transport
network early in the BRT planning stages, as the full system requirements need to be
understood before Phase 1 is implemented. The initial phase may typically include
infrastructure, such as a terminal building or depot, which will have to be sized and
even built in Phase 1 to ensure minimal construction disruption to the operation of
Phase 1 and the subsequent public transport services. Equally, decisions such as the
type of vehicle fleet to be used or what kind of fare-collection system to utilize will
have an impact on almost all other aspects of the implementation and operation of
the future BRT phases, but have to be decided on in the planning phase.

This necessity for a comprehensive understanding of the BRT concept, and all
the elements in which manifest in a specific system, again emphasizes the need for an
experienced, competent team of officials and consultants that can lead the planning
phase and, potentially, continue during future phases of the BRT project. The con-
tinued participation of at least a number of key officials and members of the project
management team will serve as an invaluable reference.

To fully grasp the BRT concept, it is important to study existing operating BRT
systems. It is important to speak to people who have been involved in developing
working BRT systems, and to ride on the systems. Doing this develops an understand-
ing for how the bus lanes have been located in the roadway, what materials have been
used, how these materials accommodate bus loads, what strategies work, and which
do not. When using the stations, it is important to note the type of architecture used,
materials utilized, weather protection, safety features, and customer space and circu-
lation. Is important to notice how buses dock at stations and what damage has been
caused to buses and stations due to inaccurate docking and the docking mechanisms
used. Terminal and transfer stations should be visited to understand multiple plat-
form and staff facility requirements. It is also useful to visit a working and functional
depot, to understand the design requirements of depots. These are only some of a
vast number of details to be studied, evaluated, and made familiar by the planning
team for the specific BRT project.

Due to the diverse lessons to be learned from existing systems, any study tour
undertaken should not only be conducted to understand what BRT is all about, but
also to assess what can be done better, and what is already functioning well.

Small touring parties with specific goals and appointments with key local repre-
sentatives are more advisable than large groups travelling the system without active
engagement with local BRT experts, officials, or operators.

As with all imported technologies, which is often the case with BRT systems, it
is important to thoroughly interrogate all aspects of the system design to see whether
design assumptions made in other countries hold true in the local context. An exam-
ple may be in utilizing cost per kilometer for the implementation of bus lanes in South
America, which may be very different to the equivalent cost in an African city, due to
the use of different construction methods and materials, impact on existing services,
geometric design standards, the levels or types of industry transition required, etc.

If possible, an international expert (or someone who has experience in devel-
oping and running a BRT system) should be part of the local project planning team



to provide firsthand experience. This will avoid unnecessary reinventing of well-
established design principles, something that most cities can ill afford in their BRT
rollout program.

A BRT network could take between fifteen and twenty-five years for a city to fully
develop. Over time, it is likely that technology will change, resulting in amendments
to the full system design. On a local scale, BRT operations on a particular corridor
may change over time, as land use changes occur and customer travel patterns change
from what was originally anticipated. It is therefore essential that the planning phase
should allow for flexibility without compromising the concept of BRT. Being aware of
these opportunities and planning for these potential shifts will ensure that any BRT
system is flexible to technology changes.

3.8.5 Integrated Planning

During the planning phases, the team should make use of the opportunity to uti-
lize the BRT project to improve the urban environment. The potential improvements
could be as basic as the architectural elements introduced in the design of the sta-
tion and terminal infrastructure, but could also extend to urban regeneration and the
densification of the public transport corridors along which BRT are to be introduced.

The insertion of a busway into a roadway is an opportunity to transform the
entire roadway into a linear urban park. BRT customers arrive on foot from all direc-
tions and need to be afforded safe access to the system. The station environments
need to be attractive and accommodating in order to heighten the customer experi-
ence of the system and ensure customer satisfaction, safety, and recurring patronage.
The urban design of intersection areas and station precincts is therefore a key con-
sideration, and worthy of detailed planning and design. Other associated elements
such as landscaping, non-motorized transport facilities, integrated wayfinding, and
enhanced illumination will benefit the urban environment and extend the positive
improvements to all users of these spaces, not only BRT customers.

An added benefit of a BRT system to a city that should be recognized and in-
cluded in the overall planning framework is the potential to attract urban regenera-
tion and densification to the formalized public transport corridors. The improvement
to the urban environment will be rewarded by increased investment in the transit
node and higher utilization of the BRT system. This continued cycle of improvement
should be anticipated and recognized in the early stages of planning and shared with
the corresponding teams in the local authority responsible for associated areas of
responsibility. In this manner, land use planning can be prepared for densification
initiatives, or utility services not directly involved with the BRT infrastructure imple-
mentation can budget for improvements necessitated by the potential densification.

No BRT system should be planned in isolation. This chapter has dealt with the
political champions of a BRT system, the authorities or officials involved in the plan-
ning thereof, the different and diverse teams of professionals required and has re-
ferred to the associated disciplines. The end users of the BRT system, customers, fu-
ture employees, and groups affected by industry transition—basically most citizens
of the city—are also considered key stakeholders in this process. Involving the public
is an essential element of the integrated planning of a BRT system.

Shortly after the concept of a BRT system has gained political and financial sup-
port, the city should appoint a dedicated media-liaison team to ensure that the public
is informed and to manage the entire public-engagement process in a structured and
strategic manner. This team will also benefit the planning team, by providing the
public with background information on the BRT concept, and smooth the way for the
required mind-set shift. The management of change in the public domain is often the
most challenging element, which starts in the planning phase, continues through the
implementation phases in some of the most populated or intensely used parts of a



city, and will provide daily information to customers on the operations and use of the
system. The media-liaison team should react quickly to negative public comments
on the system or during construction, to ensure that public perception of the system
remains positive. This team may be tasked with engaging potential detractors or ob-
jectors to the system to discuss and explain more clearly the benefits of the system,
and to become aware of any negative impacts that the objectors have experienced.

Although local legislation may prescribe certain levels of formal public partic-
ipation, when new infrastructure is introduced in a city, the BRT team should inte-
grate the project in the public environment through a continued flow of information,
and not confuse statutory processes with the value of a truly integrated approach to
public-information sharing.

Not only should a BRT system be planned as part of an integrated public trans-
port system, but public transport must form an integrated part of a city on a spatial
and functional level. The planning of a new BRT system, or the extension of an exist-
ing system along new routes, should be dealt with in an integrated manner involving
the various levels and groups of stakeholders. The manner in which the planning
team addresses this challenge can fundamentally affect the success of the future BRT
system.

3.8.6 Conclusion

BRT is more than a busway; it is the establishment of a transformed world-class public
transport service that is customer oriented and run on sound economic principles.
With this in mind, it is key to underpin the project with sound economic, operational,
and transportation input, so that the outcomes maximize the benefit to the customer
while also providing a viable business model to transport operators and associated
service providers.

With this in mind, it is imperative that all municipalities that embark on devel-
oping a BRT system gain a thorough understanding of the way these systems operate
before breaking ground on the first infrastructure project. Taking note of the lessons
learned internationally will greatly assist cities with their BRT rollouts and ease the
burden of what is a very large and challenging, yet rewarding and worthwhile under-
taking.



VOLUME II

Operations



Volume 2 runs through the necessary preparations and calculations needed to
plan out the operations of the BRT project in order to optimize its service frequency,
capacity, and ridership.

This requires surveying occupancy, boarding, and alighting in order to assess
transport demand, whether through data aggregation or modeling software as dis-
cussed in Chapter 4. Using this information the project team can then analyze the
demand of multiple corridors in Chapter 5, and they can evaluate necessary factors
from land use and time savings to economic and political costs.

After analyzing what the overall BRT project might look like, Chapters 6 and 7 go
deeper into fleshing out the service plan of the project, using technical equations that
evaluate station saturation, travel time, direct services, trunk-and-feeder services,
frequency, headways, vehicle sizing, speed, and capacity among other details.

Finally, Chapter 8 provides the guidance needed to assess the traffic impacts of
the project given this service plan.



4. Demand Analysis

“The essence of mathematics is not to make simple things complicated, but
to make complicated things simple.”

— Stan Gudder, mathematician

The analysis of the potential customer demand for the planned BRT system is
the foundation for most of the subsequent planning, design, and financial work. De-
mand estimates are critical to designing the system, planning operations, and fore-
casting the financial viability of the new system. Knowing where and when customers
require transport services will help shape a system that is based, above all, on the
needs of customers.

It is often tempting for a decision maker to want to put a new BRT system on
a wide road or a ring road where there is plenty of space, but where demand is lim-
ited. Other times, decision makers will choose BRT corridors for political reasons, like
putting one BRT corridor in each district, regardless of the relative importance of the
corridor to riders, or locating the BRT system where its benefits would accrue to po-
litically powerful people. In the United States, sometimes planners put BRT in places
where they hope it will stimulate economic development, but where this develop-
ment may be a decade away and current ridership is too low to justify the investment.
While such factors will inevitably be a part of the decision-making process, BRT plan-
ners generally suggest putting a BRT system in a location that will benefit the most
customers in the best way possible as quickly as possible, most directly through time
savings.

The first use of demand analysis, discussed in Chapter 5, is generally to find
out where the existing public transport demand is concentrated, and from this to
extrapolate where the greatest potential BRT demand may be. The second use is to
rank the existing public transport demand on all the main public transport corridors
so that a full network of BRT corridors can be identified and a rough phase-in plan
can be proposed.

Note that as a practical matter, many cities go into a BRT planning process with
one or a few possible BRT corridors already identified. In this case, carefully review-
ing the municipality’s process of determining the proposed corridors can save BRT
planners a lot of time and money because they can focus on a few select corridors,
rather than all the main public transport corridors in the city, unless all of the pro-
posed corridor options are poor.

Demand estimates play several key roles in the design of a good BRT system.
First, the system needs to be designed with enough capacity to handle future demand
while maintaining high vehicle speeds. Second, the demand estimate is also needed
for creating the service plan and optimizing operations. Third, the demand estimate
is critical for financial projections. For this, the demand estimates have to err on the
conservative side to be credible to banks and investors. The critical factor is that the
banks and investors trust the estimates, and for this the greater the accuracy of the
projection, and the more methodologically credible, the better.

This projected future demand should start with an analysis of existing public
transport demand, and then be expanded with reasonable expectations about cus-
tomer growth. To be conservative, the system needs to be designed with sufficient
extra capacity to ensure good performance when the system opens and sufficient ad-
ditional capacity for at least a decade of future demand growth.

As discussed in this document, achieving capacity while maintaining high speeds
depends on three main factors: the design of the infrastructure, the type and num-
ber of vehicles, and the organization of the services. It is easier to increase capacity



by adding new vehicles and changing their schedules than by modifying the infras-
tructure, including right-of-way, junctions, stations, and terminals. If the system is
designed with more capacity than it needs, it will be needlessly expensive and con-
sume too much right-of-way that might otherwise be used for footpaths, cycle ways,
public space, parking, or private vehicles. Alternatively, if capacity is too low, BRT
stations will be overcrowded, and vehicle speeds might even be slower than current
speeds, thus alienating customers. Any of these mistakes will significantly compro-
mise the success and quality of service, the profitability of the system, and its ability
to meet future demand levels.

This chapter outlines a step-by-step approach that provides a gradually better
demand analysis as the process evolves. The topics include: overview of demand
analysis; data collection; basic methods for estimating public transport demand; es-
timating demand with a public transport model; estimating demand with a full trans-
port model; and risk and uncertainty.

Section 4.1 provides an overview of demand analysis—what is required and what
is to be taken into consideration to properly accomplish it. It also stresses the need to
gain a thorough understanding of current operations before attempting to improve
on them.

Section 4.2 discusses the data collection effort required to support demand es-
timation, as it is necessary to gain a solid base for forecasting.

Section 4.3 describes a methodology to provide a rapid demand assessment. Rapid
demand assessment will provide an approximate idea of likely BRT demand on major
corridors using only traffic counts and occupancy surveys in key locations, accompa-
nied by boarding and alighting and bus-speed surveys. With this information alone,
a skilled BRT planner may be able to develop a reasonable demand estimate, but the
BRT planner’s previous experience is paramount.

Section 4.4 discusses how to estimate demand more accurately as a transfer
from other public transport modes; this is achieved using a public transport model.
The public transport model simulates only the public transport system, and can be
strengthened with the addition of a customer origin and destination survey. With a
basic public transport model, most critical decisions about the BRT system and many
critical operational decisions can be made, but the public transport model can only
roughly estimate impacts of the system on mixed traffic and on modal shift. Most
BRT planners, including the team that designed TransMilenio, primarily use a public
transport model.

Section 4.5 discusses the basics of developing a multimodal transport demand
model for BRT. Such a model will provide full flexibility for testing multiple routing
and pricing scenarios, a more robust estimate of plausible modal shift, emissions im-
pacts, bus route optimization, and a host of other useful tools.

Finally, all forecasts are subject to uncertainty and risk, and decision makers
must understand these when planning a BRT system. The two main risks in demand
estimation are the overestimation of demand, thus requiring more infrastructure and
fleet than necessary and exaggerating revenues; and the underestimation of demand,
thus limiting the performance and success of the BRT system. Section 4.6 discusses
these issues and suggests a few ways to handle them.

Contributors: Walter Hook, BRT Planning International; Karl Fjellstrom, Far
East BRT; Luis (Pilo) Willumsen, consultant; Arthur Szasz, Protocubo; Ulises Navarro,
ITDP Latin America; Pranjali Deshpande, ITDP India



4.1 Overview of Demand Analysis

“It is far better to foresee even without certainty than not to foresee at all.”

— Henri Poincaré, French scientist and philosopher, 1854-1912

The objective of demand analysis is demand forecast, though in terms of choos-
ing an appropriate corridor in a city for BRT it is about comparing alternative selec-
tions to determine where there will be the greatest return on investment. Demand
forecasting for a new mode of transport requires a combination of sound analytic
skills, the use of the right approach for each situation, and a good deal of experience
with and understanding of public transport demand and operations. Experience and
understanding are more important than the use of advanced modeling tools. Even
more important than experience and understanding is having data; no amount of ex-
pertise can make up for not having enough information—or worse, having unreliable
data from a poorly conceived survey.

For all purposes (as operation and infrastructure design, business plan) the fore-
cast demand will be sufficiently described by boardings and alightings to each route in
each stop/station for:

« Hours of the day;

« Days of the week;

o Seasons of the year;
¢ Future years.

Ideally, demand forecasting for a BRT system should be undertaken by profes-
sionals who are familiar with the existing public transport. If not, then the first step
will be for planners to familiarize themselves with the current public transport ser-
vices and how they are used by customers. When working in developing countries,
one must try to understand what may appear, at first sight, to be a somewhat chaotic
and dangerous arrangement. There is always some logic behind the apparent chaos
of paratransit and semiformal public transport; these will often provide a service with
greater frequency and fewer transfers than a full-blown BRT system. Of course, these
services are often uncomfortable, dangerous, and perhaps expensive, but one must
bear in mind that the new BRT system should be an improvement for the user not just
in better buses but also in terms of journey speed, waiting time, comfort, and safety.
In order to make sure that the new BRT is an improvement, professionals must expe-

rience and understand the existing system.

Box 4.1. Models

A model is a simplified representation of the real world systems that allows projec-
tions of future conditions. Transportation modeling is quite commonly utilized to
determine expected demand for proposed supply conditions of future infrastructure
supporting policy measures. Modeling helps project future transport growth, as well
as allowing planners to run projections across many different scenarios.

However, it should be noted that transportation models do not solve transport
problems. Rather, the models are tools that provide decision makers with informa-
tion to better gauge the impact of different future scenarios. The type of scenarios
considered and the type of city conditions desired are still very much the domain of
public policy decision-making.

In mathematical models, the set of relations is what we call “the model itself”
and the fixed values that make the model fit a particular instance of reality are what
we call the parameters. In transportation models, the proposed relations are to mimic
the travel decision-making process.

A whole commonly gets named after one main part, so both designers and deci-
sion makers must carefully understand what a model is (and its parts) as well as what

a model is not, and carefully communicate this distinction.



Usually a demand study is accompanied by a main forecast model (made up of
several models) and the results of the study are commonly mistaken for the model
itself. If provided different input (that may be disclosed after the study or different
proposals) the model will give different results from the demand study. At a lower
level, the parameters of the model are commonly mistaken for the model itself. A
model with the same input but different parameters will result in different results.

When developing demand estimates, there is always a trade-off between cost,
accuracy, and timing. A detailed full demand modeling exercise, if done properly,
will produce more accurate results, but developing a fully calibrated transport model
is time consuming and expensive. Planners often do not have the time or resources
to build and calibrate an entire model all at once. Rapid assessment techniques can
produce acceptable accuracy faster and at a much lower cost. In choosing a demand
estimation technique, the following must be taken into consideration:

« Amount and type of already-available data;

» The time and resources one has to do the estimate;

« The degree to which demand is likely to be unpredictable due to signif-
icant changes in services, rapid changes in land use, or modal split.

Many cities have already built travel-demand models, or at least models of some
parts of their public transport systems. These models can vary significantly in quality,
particularly in the developing world. Often what exists is something built by a team of
consultants to justify a particular project or set of projects. These models frequently
have quite limited validity (and therefore limited utility). As such, the quality of any
existing model should be checked carefully to see whether it yields results that are
readily observable on the street. If the model is reasonably good, then a lot of time
and trouble can be saved by simply expanding and improving upon that model. If the
model is of poor quality, it is usually better to start from scratch.

BRT projects need models of varying degrees of accuracy at different stages
in the design process. Corridor selection requires a fairly rough demand analysis,
whereas making subtle changes in service requires a higher degree of accuracy and
detail. Modeling longer-term impacts on land use and modal shift, or larger areas of
a city, is far more difficult. The more difficulty the greater the likelihood of inaccu-
racy, and the more work required to construct the model.

The authority responsible for developing the BRT system should develop the ca-
pacity to do full multimodal transport demand modeling or at least full public trans-
port system demand modeling over time. However, if this capacity does not already
exist, it is unlikely that it can be developed at the same time that the agency is en-
gaged in a politically time-bound BRT planning process.

In most cities, time and money are restricted in the early planning phases, and
local modeling capacity may be limited. In such circumstances, it is better to develop
the modeling capacity of the agency over time, so that the local partners learn how to
collect the required data and develop better models. Even with a limited start to the
modeling process, the design team will at least have some preliminary information
about demand in a timely manner to influence critical early decisions.

4.2 Data Collection

“The price of light is less than the cost of darkness.”
— Arthur Nielsen, market researcher, founder of ACNielsen,

1897-1980

People travel from an origin address to a destination address, and may take
one or more public transport services to get there; some walking and waiting will
be required to complete the journey. The existing public transport services will be a

good indication of where and how people travel. Therefore, analyzing existing public



transport services and the conditions in which they operate is the first step in demand
assessment.

A new BRT system is likely to change the combination of services that travellers
will use. To understand how this will affect travellers, and whether or not this would
be advantageous to them, it will be necessary to learn more about the pattern of trips,
the origins, the destinations, and the volumes involved. This will require additional
surveys capable of quantifying these patterns and enabling the construction of an
origin-destination trip matrix for the study area. This information, combined with
data about bus speeds in the network, will help in the design of a better BRT system.

Moreover, many travellers in a city have a level of choice about which transport
mode to use, be it taxi (shared or otherwise), motorcycle, or car. Many of the environ-
mental and economic benefits of a BRT system materialize if some of these users are
attracted to BRT instead. The rate of attraction of BRT will depend on how good the
routes are, and this will vary for different origin-destination pairs. If attracting car
and motorcycle users is a key objective of BRT, then a more comprehensive transport
model will be needed.

The next subsections discuss the minimum set of data that need to be collected
to generate a reasonable estimate of demand for a proposed BRT system. These con-
sist of:

e The routes of current public transport services; these can be mapped in

GIS, transport modeling software, or Google Earth or Google Maps;

e The number of customers using key corridors by means of bus-route-frequency
counts and visual-occupancy surveys;
« Bus frequency, preferably for every public transport route in the city, by

direction, and in morning and evening peak periods;

Bus speeds for each road section covered by a potential BRT route;

Speeds of other vehicles on the existing road network;
e Boarding and alighting surveys (and supplementary spot counts at bus
stops), to get a first impression of demand patterns.

In order to develop an improved public transport model it will be necessary to
collect additional information; this is discussed in Section 4.5. For a formal, com-
prehensive transport model even more data will be needed, as discussed in Section
4.6.

4.2.1 Route Maps

The first step is to simply map, or test the accuracy of any existing maps, of the current
route structure of bus and minibus services. While in developed countries existing
bus route maps are increasingly available in one form or another, it is surprising how
difficult it often is, particularly in developing cities, to get even a basic up-to-date
bus map. Mapping the existing public transport routes provides the first indication
of routes with significant customer demand. While the roads that carry the most bus
or minibus routes do not always correspond to the highest number of public transport
customers on a given corridor, usually there is a strong correlation. If public transport
routes are fairly well regulated, then municipal officials should already possess de-
tailed route-itinerary information through registration records and maps of existing
routes, but these records are almost always not fully reliable. In many developing-
nation cities, the majority of public transport customers may be served by minibus
operations that are weakly regulated. In such cases, there may not even be official
records of specific routes. In other cases, registered routes and fleets may bear little
resemblance to the actual situation.

A growing number of cities, particularly in the developed world, are putting
their bus routes and schedules into GTFS or “General Transit Feed Specification.”
Originally called “Google Transit Feed Specification,” this is a standard data format



that a growing number of US public transport authorities are using to map and publish
their current bus routes and bus schedules. So GTFS data is also usable as a map of
the existing scheduled bus routes. Often the data entry is imperfect, so the accuracy
of the routes has to be checked carefully. Other cities or public transport authorities
may have already coded their existing bus routes into Geographic Information System

(GIS) software or a travel demand model software.

Figure 4.1. The figure above is a map of all the bus routes affecting the Maryland Route 355 Corridor in Montgomery
County, Maryland, taken from GTFS data. /TDP

Where neither of these data sources is available, it is best to simply ride all of
the public transport routes using a simple Global Positioning System (GPS) device to
record the geographic coordinates of all official bus stops and popular informal stops.
Virtually all smartphones nowadays come with GPS and can be used as trackers, and
a simple tracking device—with no screen, but capable of registering one day of move-
ment each 10 seconds)—costs less than US$10. Apps for smartphones allow data, like
bus stop information, to be entered immediately and tagged to the map. The issue
with using these in the field will be the short battery life of phones compared to the
batteries of strictly GPS devices. But with a GPS, more data cleanup will be necessary,
such as labelling the bus stops.

The work can also be done without GPS devices, with printed estimated-route
maps distributed to survey personnel, who will document bus stops along the route
and make corrections to paper maps. GPS-based surveys will produce speed informa-
tion as long as a travel log is associated with the survey, while performing a survey
with paper maps will require that travel times be written down.

Depending on the data that is already available, itinerary surveys can be quite
a big job in large cities, as they require developing a naming/coding system for the
bus stops, identifying all of the routes, mapping the routes, preparing and processing
survey data, and accounting for route variations. In a surprising number of cities this
will be the only accurate public transport map in the city. Google Earth’s “.kml” for-
mat is an excellent way to store bus route map data, and the satellite imagery provides
great assistance in mapping routes.

The map in Figure 4.1 is one of the first efforts to map the existing minibus Car
Rapide and Ndiaga Ndiaye in Dakar, Senegal. This activity is often a critical first step

toward bringing such services into a transparent regulatory framework.



Demand Analysis
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Figure 4.2. Map of 2004 minibus routes in Dakar. CETUD.

Once the coordinates of the bus and minibus routes have been collected and
mapped, these itineraries can then be input into GIS and/or transportation modeling
programs, with supplementary input from associated spreadsheet or database files;
see, for example, Figures 4.2 and 4.3.

With just this amount of information, the main potential BRT corridors should
already be obvious in most cities: the corridors where many bus and minibus routes
converge.
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Figure 4.3. Software packages can be used to help model demand and can produce visual representations such as
the above example from Yichang, China. /TDP.

4.2.2 Vehicle and Customer Counts

With the basic public transport route structure in hand, bus and minibus counts are
the next step in translating bus-route frequency and occupancy numbers into rough
public transport demand estimates. These counts can be used to calibrate an existing
traffic model, to understand the public transport demand across the city, or to plan
services along an already-identified corridor. The first step is to have a reasonable
understanding of demand across the network, and then to focus on a particular cor-
ridor. The number of buses (or other types of public transport vehicles) per route,
combined with their estimated occupancy rates (discussed in the next section), will
already yield a crude estimation of a corridor’s existing demand (Figures 4.4 and 4.5).
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Figure 4.4. Example of a visual occupancy data collection sheet that was utilized in Dar es Salaam, Tanzania. Sur-
veyors were trained to estimate the number of customers on a bus, according to its size. This method has no dis-
advantage when compared with the traditional method of informing occupancy percentage in increments of 25
percent. /TDP.
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Figure 4.5. Example of a public transport count data collection sheet that was utilized in Dar es Salaam. /TDP.

The strategic selection of the points to conduct the traffic and occupancy survey
will determine the extent to which the survey results will represent the actual situa-
tion. Determining where to do traffic counts can be more of an art than a science, but
some general rules can be applied. Generally, the survey locations should allow most
trips to be easily captured with a minimum of resources and effort.

When designing a BRT system we are looking for the highest potential public
transport demand routes; traffic counts should be conducted in locations where pub-
lic transport demand may be high. Using the map of existing bus and minibus routes,
counts should be done on arterials where many routes converge. Arterials where local
knowledge or simple observation indicates high volumes of buses should be counted
as well. If a city has a fairly clearly defined central business district (CBD), and most
of the trips start or end in the CBD, then it is sometimes possible to do traffic counts
at the entry points along a “cordon” around the CBD. For example, in Dar es Salaam,
the entire CBD can only be entered through five major arterials and by ferryboat, and
few trips both originate and end within the CBD. By conducting traffic counts at just
these six entry points, it was possible to obtain precise CBD demand data for each ma-
jor arterial as well as the collective totals, and the frequency of nearly all bus routes
in the city.

If travel into an area is fairly concentrated along a single direction, perhaps
from north to south or from east to west, then the conditions may allow an even more
selective application of counts. Cordon counts and screen line counts follow the same
overall principle: while “cordon line” refers to a surrounding area, a “screen line”
refers to the divide of an area into two sides (usually along a river or a train line) to
learn the flow passing from one side to another.

Once it is determined that public transport ridership is concentrated along a few
key corridors where there is potential to build BRT infrastructure, it is a good idea to
do frequency and occupancy counts at several points along this prospective corridor,
which also helps determine appropriate corridor length.

Ideally the frequency and occupancy counts should be done for each bus and
minibus route. Even if the transportation department or the bus authority provides



the bus route by bus-route frequency information and ridership information, it is al-
ways essential to do the counts anyway, because the data provided is rarely com-
pletely reliable.

Even if the project team does not plan to eventually use a traffic model, it is a
good idea to do a number of counts at a larger selection of critical points all around
the city, strategically chosen based on a rough estimate of those locations where most
daily trips would pass. These counts will be important in calibrating the public trans-
port model. The model will try to predict existing public transport ridership in each
corridor, but it may make inaccurate predictions and need to be adjusted; the counts
are needed to determine if the model is an accurate reflection of reality.

One does not need to count so many sites that it becomes cost-prohibitive. For
example, in the city of Dar es Salaam (population of approximately 2.5 million in-
habitants at the time, nowadays more than 4.3 million) traffic counts in about thirty
locations captured a large majority of the trips, and in Jakarta (metropolitan popula-
tion of above 25 million inhabitants) bidirectional counts in about 100 locations were
sufficient.

Often, when one is doing counts of public transport vehicles, one also does
counts for the rest of the traffic. Later, these counts will be useful in calibrating more

complex demand models, developing rough estimates of impacts on level of service,
and other uses. (See Figures 4.5, 4.6, 4.7, and 4.8.)

Figure 4.6. Basic counts of private vehicles help estimate the potential for mode shifting, as well as indicating pos-
sible congestion impacts of the dedicated busways. Image of Bangkok, Thailand Lloyd Wright.

This information will also provide an important first clue as to how many cus-
tomers might switch from private cars or motorcycles to public transport as a result of
the new BRT system. Such data will be important to estimating projected greenhouse
gas emission impacts, which may be critical to eligibility for Global Environmental
Facility (GEF) funding.



| —— DAR ES SALAAM BUS RAPID TRANSIT s
| et Classilied Traffic Count Survey (COSU) o
DAY MONTH
DATE: / LOCATION CODE:
SURVEYOR: REFERENCE:
SUPERVISOR: (Tandmark on the same sidewalk)
START
TIME TRANSPORT MODE

TAXIS TRUCKS

HOUR | MINUTE]

Figure 4.7. Survey form for cars and trucks in Dar es Salaam. /TDP.
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Figure 4.8. Survey form for non-motorized modes and motorcycles in Dar es Salaam. Image /TDP.

Additionally, if a full transport-demand model is later used, then the existing
data will be in a form that is readily adaptable to a more inclusive analytic package.

As the complexity of the counting process increases, though, the resources re-
quired to obtain an accurate count also increase (Figure 4.9). To identify all vehicles
and produce a valid count across multiple traffic lanes, a counting strategy becomes
vital. One option is to employ counting teams that involve many people at a single
location in order to properly record all vehicle types in each of the lanes. Alterna-
tively, video technology can be utilized to record traffic movement and to allow a
more precise count at a later time. The video record allows quality-control sampling
to ensure that the counting team is performing at a reasonable level of accuracy. With
all counting strategies, survey personnel should be properly trained so that all par-
ticipants have a common understanding of the task at hand.
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Figure 4.9. Effective traffic counts require the right set of personnel, including supervisors of the surveyors, and
resources. Municipality of Osaka.

4.2.3 Occupancy Surveys

The number of vehicles is only one part of the demand equation. Knowing the average
number of customers in each of the vehicle types at any given time period provides
the other half of the demand input data. Given the diversity of possible vehicle sizes,
the occupancy data should be categorized and collected by vehicle type. The sur-
vey should thus identify vehicles according to their seating numbers or maximum-
capacity numbers. For public transport and minibus vehicles, some of the possible
categorizations could include:

« Seventy-seat bus;

o Thirty-five-seat bus;

» Sixteen-seat minibus (Figure 4.10);

« Seven-seat van/large rickshaw;

» Three-seat auto rickshaw;

e Shared taxi.

Ideally, the data on the number of vehicles and the occupancy levels should be
collected simultaneously. Usually surveyors record the vehicle type, the number of
customers (traditionally a percentage of possible occupancy set at multiples of ten or
twenty-five is used, but there is no disadvantage in estimating the exact figure), the
route number (if visually evident), and the time of observation. The occupancy pro-
vides the basis for a fine estimate of corridor demand. Recording the time is necessary
to identify peak and non-peak periods, which should be identified at a resolution of
ten-minute intervals. Such a resolution does not disrupt the survey and is enough to
identify peak moments, even for a specific route; lower resolutions (five minutes) are
not practical and are not of much use, unless we are interested in fluctuations due to
traffic-light cycles. Peak and peak of peak period figures are needed for dimensioning
the system, especially station capacity (see Chapter 25 for more on station planning).

It is important to have a notation convention for surveyors to enter when they
cannot identify the route number (which should be different from “I saw no visible
identification”) and to enter when they cannot estimate the occupancy (which is dif-
ferent from “no-occupancy,” which would be zero customers). It is also preferable for
a surveyor to pause (and record the pause) due to a distraction rather than trying to
keep a poor record while dealing with it. A sampled occupancy survey is better than

Figure 4.10. The high flow rate of minibuses along
the Soweto Highway in Johannesburg, South Africa,
requires an organized counting strategy to get an
accurate estimate of vehicles and occupancy levels.
Image Lloyd Wright.



a bad occupancy survey. Figure 4.11 shows how much more information occupancy

surveys reveal in comparison to frequency-only surveys.
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Figure 4.11. Sample graph of bus and customer counts in a single direction at a high demand location on the then-
planned Guangzhou BRT in peak and off-peak periods, with customer flows exceeding 20,000 customers and 350
buses per hour in an east-west direction. /TDP.

4.2.4 Boarding and Alighting Surveys

————

Figure 4.12. A count of boarding and alighting at each bus stop along the prospective BRT corridor will be invalu-
able information in terms of prioritizing corridors, sizing vehicles, and sizing stations. Maxwell Wagner Colombini
Martins.

Once the corridors with the highest levels of public transport demand have been
identified through the route mapping and vehicle and occupancy counts, an addi-
tional boarding and alighting survey on selected public transport and minibus lines
can be conducted (Figure 4.13) to further understand travelling patterns. This same
data set will also show how many customers are on the bus at any given time.

Boarding and alight surveys can be conducted in two main fashions:

1. Surveys of all routes in one station (surveyor is at the station): one of

the most important pieces of information when sizing a BRT station is

how many customers will be boarding and alighting at each station, and

the best way to estimate this is to see how many customers are currently

boarding and alighting buses and minibuses in nearby locations.



2. Surveys of all stations of one route (surveyor is on the bus): in this type of
survey, surveyors should ride the entire length of each major public trans-

port route during rush hour and record how many people get on and off the

bus at each stop. Once this is done for all the routes on a prospective BRT

corridor, the boarding and alighting numbers and onboard bus numbers

can be consolidated to determine the existing ridership for each stop and

each link (bus stop to bus stop). Many good BRT systems have been de-

signed with no more information than this same data set, which will also

show how many customers are on the bus at any given time. Additionally

this arrangement can:

» Survey the network speeds (bus stop to bus stop) and the aver-
age speed (discussed below);

» Relate every customer’s boarding and alighting stops, by hand-
ing numbered cards to customers at the moment of boarding
and retrieving them when the customer exits the bus. At each
stop the number of the last card handed to customers board-
ing the bus is written and the cards returned from alighting
customers are placed in an envelope used only for that sta-
tion (this has also been done with surveyors handing bar-coded
cards and carrying bar-code readers attached to a raspberry pie
with GPS hanging on their belts).

If a city is already using automated passenger counters (APC) or electronic ticket
machine data, this data is sometimes useful for getting accurate boarding and alight-
ing data. In the best cases, it can provide bus-stop-specific boarding and alighting
numbers hour by hour, for every bus route in the system. Sometimes it is difficult
to correlate to specific bus stops, but usually this can be allocated to the nearest bus
stop without major loss of accuracy. In a growing number of cities, data from modern
fare-collection systems can also be used to get boarding and alighting numbers per
bus stop.

BRT Stations peak hour movements

@ Boarding+Alighting

Figure 4.13. An example of peak hour existing boarding and alighting numbers mapped onto some possible BRT
corridors based on APC data from Montgomery County, Maryland. /TDP.

If neither of these technologies is in place, manual boarding and alighting sur-
veys will need to be conducted. Since this survey is relatively time-consuming and
expensive, it can be done for a subset of routes in the city; for example, those routes
that have a frequency greater than three buses per hour and overlap for more than 10
percent of their length with the BRT corridor. Properly sampled, and in combination
with previous survey data, it is possible to draw an internal picture of current public



transport system use (i.e., correlated users’ entrance and exit points) in the influence
area, in a way similar to that discussed in the next subsection.
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Figure 4.14. This is the display of a survey result taken in 2006 before the Guangzhou BRT was built. It shows the
boarding and alighting along bus route 507. The stops with yellow dots connected with a red line are stops along
the planned Zhongshan Road BRT system, with the line at the top showing bus occupancy. /TDP.

4.2.5 Methods of Developing an Internal Public Transport
Origin-Destination Matrix

Recently, BRT system planners have been developing methods for creating an internal
public transport origin and destination matrix (OD matrix) based on sampled board-
ing and alighting and ridership data. In a growing number of cities, ticketing systems
collect information about where a specific ticket ID enters a system, but very few sys-
tems also collect data about where a specific ticket ID leaves the system. In the more
typical case, ticket validation happens upon entering turnstiles, and it is possible to
construct an OD matrix by locating the morning ticket-validation point as the trip
origin (where the person first enters the system in the morning), and the afternoon
ticket-validation point as the destination (where the person enters the system in the
afternoon); intermediate validations may indicate transfers depending on analysis
of the interval between validations. The main difficulty to this approach is that bus
positioning systems and ticketing systems are independent and both generate huge
logs, which require a lot of computational power to process (a few hours to process
one day of data on a laptop). But this often generates a usable baseline OD matrix
with a much larger number of data inputs than any survey method would ever gather.
Currently, methods are being developed for doing this in faster ways.

While this, as well as the more detailed boarding and alighting survey, can gen-
erate a fairly accurate OD matrix of the boarding patterns in a bus system, it does not
reveal the original starting point or eventual destination of customers whose trips
involved more than one trip segment or mode, and may not provide a matrix to be
directly assigned to the network. For example, if a customer surveyed travels from A
to C via B, it will cover both the trips as A-B and B-C separately but will not predict a
transfer at B. To determine this information, the onboard survey can be supplemented
with an off-board interview survey at major transfer points that needs to be expanded

using frequency and occupancy counts.



4.3 Basic Methods for Estimating Public Transport
Demand

“Computers are useless. They can only give you answers.”

— Pablo Picasso, artist, 1881-1973

The proper data processing of an appropriate sample size, with a few inference
models, shall be enough to describe the demand of the current public transport sys-
tem in the influence area of the BRT system. Modified by assumptions, this is a reli-
able indicator of the potential demand for a BRT system.

4.3.1 Estimating Demand by Aggregating Boarding and Alighting
Data

The boarding and alighting surveys in section 4.2.4 will give a picture of how many
customers are currently on each existing bus route, and how many customers are
boarding and alighting at each existing bus stop.
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Figure 4.15. Aggregate data for boarding and alighting at current bus stops, allocated to future Guangzhou BRT
stations (passengers per hour) in May 2009. (The system opened in February 2010.) /TDP

This is done by simply adding up the boarding and alighting numbers from each
of the bus routes at each stop, and calculating the onboard customers along each link.
For cities that do not have defined bus stops, the BRT planner can divide the entire
network into segments and total customer boarding and alighting at each segment.

This was part of the approach used by ITDP working with the Guangzhou Mu-
nicipal Engineering Design and Research Institute to plan the operations and infras-
tructure in the Guangzhou BRT system.
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Figure 4.16. The form above, from an MS-Access
database, contains information about current bus
stops stored in ITDP’s preliminary demand model,
used in the Guangzhou BRT planning. The lower
portion of this form shows which BRT station the
customer demand using stop “zs021” is allocated to.
Twenty-five percent of the demand is allocated to the
Shipaigiao BRT station (“zsb02”); and 75 percent of
the demand is allocated to the Gangding BRT station
(“zsb03”). The allocation is based primarily on prox-
imity, but also takes into account intersections and
major demand points. /TDP.
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Figure 4.17. The database form for the Gangding
BRT station (in this case the southern platform of
Gangding station, serving west-to-east direction)
shows that 75 percent of bus stop zs021’s demand
has been allocated to Gangding BRT station. (The
remaining 25 percent was allocated to the previous
station, Shipaigiao.) /TDP.
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Figure 4.18. Projected morning peak customer flows along the Guangzhou BRT, with BRT customer volumes marked
for each link along the corridor. /TDP

The same data can be used to calculate the total customers onboard BRT vehi-
cles along each link of a BRT corridor, and from this the existing maximum customer
load at the critical link can be identified (Figure 4.18).

In cities that have both APC data and GTFS data, it is also possible to attribute
the APC boarding and alighting data to each route mapped on GTFS to create a very
detailed link-by-link, hour-by-hour map, and table of existing public transport de-
mand. This process is currently quite labor intensive, as most GTFS data is not that
clean and APC data is not that easy to attribute to specific bus stops. However, it
is still faster and cheaper than doing system-wide boarding and alighting surveys.
As cities standardize data input processes, and protocols are established for this, it
should become even faster and cheaper.
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Figure 4.19. The image above was created for Montgomery County, Maryland, USA, to show the existing peak-hour
demand throughout the entire county. This was produced in a matter of months and at a very modest cost. /TDP.
The demand on the future planned BRT system, however, will vary from the
existing demand in a few key aspects. First, if not all the existing bus routes will be
allowed to continue on the corridor and make use of the BRT infrastructure, then the
demand will be only that subset of customers whose former bus routes have been



either incorporated into the new BRT system’s service plan, or cut and replaced with
a new BRT route. Second, if the speeds on the new BRT system are higher than the
existing bus speeds, the new BRT system will gain customers from other bus routes
and from other modes.

Ideally, a thorough and well-thought-out BRT service plan would then be de-
veloped, and the demand for this specific service plan would be tested. At the early
stages of the planning process, though, most BRT system planners use simple rules
of thumb to get a preliminary demand estimate.

Normally, each of the existing bus routes that operate along a corridor selected
for BRT trunk infrastructure will be ranked based on two parameters:

« The percentage of the existing bus route that traverses the corridor;
» Frequency (and the occupancy, if possible) of bus routes in each direction.

To determine which routes should be included in the system and which routes
should be left to operate outside the system, rerouted, or cut, a certain minimum
cutoff for the above two parameters is generally used, as was done in Figure 4.19,
which applies a policy minimum of four buses per hour and at least 20 percent of the
total length inside the BRT corridor, before a route can be considered for inclusion in
the BRT system.

Routes with a higher frequency and higher percentage in the BRT corridor are
preferred for inclusion in the BRT system. A similar approach was used in selecting
the BRT routes in Guangzhou and the Pune, India, region, as well as in Mexico, where
the existing bus operator also became the BRT operator.
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Figure 4.20. Peak frequency and percentage of route traversing the corridor. Example of BRT route selection in a
proposed BRT corridor in Ulaanbaatar, Mongolia. Image /TDP.

Figure 4.20 is an example from the early planning stages of the Ulaanbaatar BRT
system, where, after applying a policy preference for at least four buses per hour and
20 percent of the route length inside the BRT system, the remaining routes could be
included in the BRT system. These percentages are not hard and fast rules. The idea
is simply to capture as much of the existing public transport demand as possible in
the most efficient way for the BRT system. Given that station space is at a premium
and that operation of the BRT requires new buses, routes with higher frequencies
and percentages in the corridor are prioritized. This is a preliminary step. Detailed
subsequent service planning is covered in Chapter 6.

When building a BRT system, some bus stops are going to be eliminated and
other stops are likely to be consolidated. Therefore, the current numbers of boarding
and alighting customers from the bus routes that are to be included in the system



need to be allocated to the new BRT stations. This is generally done by proximity: the
existing boarding and alighting trips are allocated to the nearest new BRT station.

By collating the total number of boarding and alighting customers at each new
BRT station stop from each of the existing routes that are likely to be incorporated
into the new BRT system, the number of boarding and alighting customers per stop
can be estimated. By collating the total numbers of customers on board for each link
(taken from the same data set), the maximum load on the critical link of the new BRT
system can be estimated. This maximum load will be a critical input into making
design decisions for service and infrastructure planning as detailed in the following
chapters.

The new BRT system, if designed correctly, should be able to achieve speeds of
up to 29 kph on a major arterial if express routes are included, and 17 kph in down-
town areas (with local service). Multiplying the number of projected customers by the
difference between existing aggregate speeds and the projected BRT operating speed
will yield the projected time-savings benefit of the corridor, but planners should keep
in mind that it will not gain door-to-door travel time savings. The other main benefit
that can be quantified is the fleet saving for BRT operators, taking into account the
increase in bus speeds after BRT is implemented, and using bus fleet requirements
as a proxy for overall operational costs. These two factors are what convinced the
Guangzhou City Government to implement BRT in a heavily congested city center
corridor, rather than in a peripheral suburban location.

4.3.2 Mode Shifts

Planners still need to make certain assumptions about how many new customers are
likely to be attracted from other modes. To get a robust estimate requires a transport
model, but an important clue will be the existing bus and private vehicle speed data.
If existing public transport speeds are already at or above 26 kph, it can safely be
assumed that the new system will not provide a significant time savings benefit. This
lack of time savings will limit the number of new customers attracted to the system,
although customers may be attracted for other reasons (safety, security, comfort, fare
price, etc.). The lower the existing public transport speeds, the higher the projected
modal shift (Figure 4.21). This also extends to private vehicle speeds—if speeds are
low and travel times long, people are more likely to find BRT convenient and efficient.

Another factor to consider when estimating a likely modal shift is the existing
modal split. In cities where public transport trips make up a small fraction of total
demand, but shared taxis, minibuses, or three-wheelers make up a large share of trips,
the potential modal shift is likely to be greater than in systems where the vast majority
of trips are already made by bus.

A final factor is the system design’s effect on mixed-traffic levels of service. If
the project sponsor adopts a design that significantly degrades the mixed-traffic level
of service yet significantly improves the speed of bus customers, the modal shift will
also be higher. Normally, engineers try to avoid this impact, but there are occasional
bottleneck situations where tough choices are hard to avoid.
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Figure 4.21. Using the same boarding and alighting
survey, average vehicle speeds in the corridor can be
calculated and arranged in a graph. /TDP.



Figure 4.22. If existing public transport services are slow or inefficient, the upgrading to BRT will produce a signif-
icant shift in customers to the new service. Lloyd Wright.

Projecting the modal shift using traffic modeling is sufficiently complex that
simple rules of thumb may not be nearly as reliable. In BRT systems with speeds
at or above 20 kph and considerably above previous bus speeds, the demand will be
from 5 to 20 percent higher than the baseline demand for the existing bus system. It
is unlikely that short-term modal shift will be more than 25 percent of the baseline
demand from existing public transport trips, though the system should be designed
to accommodate an increase of 50 percent above existing public transport demand.

However, in cases of uncertainty (for example, a large number of difficult-to-
count shared taxi trips, or a deteriorated bus system that is underused), designing
the system to accommodate as much as a 100 percent increase in ridership, or use of
full demand modeling, is recommended.

If the majority of the vehicles on the corridor are buses, then the traffic bene-
fits of the project will be broadly distributed between both bus customers and mixed
traffic, but the modal shift impact will be less. If the majority of the vehicles on the
corridor are private vehicles, then a busway will tend to have a stronger adverse im-
pact on mixed-traffic speeds, a stronger positive impact on bus speeds, and therefore
a bigger potential modal shift impact.

Making a final determination about potential benefits of the system and po-
tential mode shift requires additional information about current vehicle speeds and
congestion points.

Table 4.2 provides estimates based on observed impacts in BRT systems around
the world. These estimates consider only the vehicle mix on each corridor and the
level of congestion on those corridors.

Table 4.1. Projected modal shift impact based on type of BRT corridor

Type of BRT Corridor Projected Modal-Shift Impact from
Private Vehicles

Little congestion, buses > 30 percent of the vehicle fleet 5 percent

Some congestion, buses around 25 percent of vehicle fleet 10 percent

Many links congested, buses around 15 percent of vehicle fleet 15 percent

Very congested, few buses on the corridor 20 percent



4.4 Estimating Demand with a Public Transport Model

“The best way to predict the future is to invent it.”

— Immanuel Kant, philosopher, 1724-1804

Aggregating boarding, alighting, and customer flows, as in the previous section,
provide a useful “first cut” approach to demand estimation. However, this data does
not provide information on where people wish to travel. In most cases, a new BRT
system will make changes in bus routes, and knowing the origins and destinations
of trips (as opposed to boarding and alighting) is important to ensuring that the new
services are closely aligned with where customers want to go. In particular, full OD in-
formation can inform the design of direct services that reduce the need for customers
to transfer from one line to another. As a BRT system expands into a multi-route
system, there will be many opportunities to significantly improve services and sys-
tem efficiency by modifying routes and services, and the potential financial savings
should more than pay for the additional cost and trouble associated with building a
robust public transport model. This requires two new elements: the construction of
a trip matrix and a route-choice model.

This section will describe how to build a basic transport model that models only
the public transport system. With this basic public transport model, it will be possible
to develop a much more robust estimate of the demand on the existing system. It
will also enable the planning team to much more easily test the demand for different
alternative scenarios for fares, as well as to optimize operational characteristics.

In many cities, some sort of transport model will already exist. But these models
have generally been created for a specific purpose, and the purpose has rarely been
to design a BRT system. Sometimes, existing models were designed for highway or
transport departments and are only usable for motor vehicles, with very limited in-
formation on the public transport system. Others may have been created for building
a metro, and not usable without additional work. Data is also far too often of poor
quality. If a good quality transport model already exists, it should be possible to sim-
ply put the public transport system and the proposed BRT scenario into the existing
model. However, in most cases the BRT team may have to start nearly from scratch.
The public transport system should be modeled first, as this will be the most impor-
tant information for BRT planning.

4.4.1 Choosing a Modeling Software

The first step in setting up a public transport model is to obtain transport-modeling
software. The development of transportation modeling software has greatly aided
the process of transport supply and demand projections. Software models today can
greatly ease the modeling process and increase accuracy and precision. But with the
array of software products on the market, the transport planner can be left with an
overwhelming set of options. Of course, there is no one software solution that is
inherently correct. A range of variables will guide the software selection process.
These variables include cost, familiarity of municipal staff and local consultants with
a particular product, degree of user friendliness sought, degree of precision sought,
and the overall objectives of the modeling task. The table below lists a few commonly
used software packages on the market today.

Table 4.2. Options for Transport-Modeling Software

Software Nam¥endor Comments
EMME INRO Good general purpose
CUBE Citilabs Good general purpose

TransCAD Caliper Corporation Good integration with GIS, easy to use



Visum PTV Good general purpose

QRS I AJH Associates Low cost but weaker on PT assignment

TMODEL TModel Corporation Low cost but weaker on PT assignment

SATURN Atkins-ITS Good for meso-simulation for congested vehicle assignment, but no PT as-
signment

AIMSUN 6  Transport Simulation Sys- Integrated package for micro, meso, and macro simulation model

tems
TRANUS Free software developed Integrated land use - transport model
by Modelistica
Paramics SIAS Microsimulation package with integration capabilities
VISSIM PTV Microsimulation package, good animations, good integration with VISUM

The strongest packages for general-purpose planning and design of BRT sys-
tems are EMME, CUBE, and VISUM, with TransCad offering close capabilities. All
of these are expensive packages. However, in actuality, the most significant costs
will be training staff to become familiar and adept with the software package. Older
and more-sophisticated modelers, like the flexible Emme, allow staff to easily write
subprograms, called “macros.” More and more consultants are now using Emme in
combination with other programs with better GIS capability or with micro-simulation
facilities. SATURN is a meso-simulation package that efficiently models groups (pla-
toons) of vehicles and treats delays and congestion accurately, but its public transport
facilities are too weak for BRT design. Equally, TMODEL and QRS II are weak at mod-
eling public transport demand and are not recommended for BRT.

TRANUS can model land use and transportation systems. The transportation
model can be used separately and is easy to use and calibrate. The land use model
might be difficult to use and calibrate, particularly if many land uses are included in
the modeling. Paramics and Vissim simulate trip making at a high level of detail, in
particular vehicle-by-vehicle, and in some instances include pedestrians and traffic
lights. These are very powerful packages for studying priority at junctions and in-
teractions and delays at stops. They should only be used for these purposes and in
combination with the macro demand models listed above, as they are not appropri-
ate for BRT-route analysis. AIMSUN 6 is an integrated package that combines these
micro-simulation features with micro- and macro-modeling facilities.

4.4.2 Defining the Study Area and the Zoning System

Normally, the study area for a BRT system will be the areas currently served by bus and
minibus services. If the decision maker has already preselected a particular corridor
as the first BRT corridor, then the catchment area for this corridor will be the study
area, but this may produce a lower demand forecast.

To analyze travel, the entire study area, as well as some locations outside the
study area, need to be divided into a number of zones (Figure 4.22). As all origin-
destination data will be collected and coded into this zoning system, establishing
these zones is an important first step. Usually the zones are based on census tracts
or political subdivisions that have been used as the basis of any existing census infor-
mation or previous origin-destination studies. Using census and other administrative
zones that already exist in the city will increase the chance of compatibility with the
overlaying of different data types.

The information needed for modeling, however, is not exactly the same as the
information needed for the census, so some census zones are usually consolidated
into bigger zones or broken up into smaller zones. Transport modelers are generally
less concerned about information outside the study area. As a result, they tend to
consolidate zones outside the study area into fewer, larger zones. This consolidation
is a simple matter of adding up the data associated with each zone.
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Figure 4.23. Representation of study area for analysis.
Ortizar and Willumsen 2011.



Typically, modelers need more-detailed information in the city center and/or
along the proposed BRT corridor and its catchment area. So modelers will typically
break up census zones into smaller zones, using more-detailed census data if avail-
able, orjust dividing the zones using their judgment based on aerial photographs (Fig-
ure 4.24). Sometimes, households and employment will be concentrated into some
parts of a large zone and not others, and it is important to break up the zone to capture
this geographic concentration.

Selecting the size of the zones and the number of zones is a trade-off between
accuracy, time, and cost. The size and number of zones will also depend in part on
how the data was collected and how it will be used. Ideally, one would like to have a
single zone associated with each BRT station/stop. However, this is not always fea-
sible and some compromises are needed. For BRT systems in large cities like Jakarta
and Bogotad, roughly five hundred and eight hundred zones, respectively, were used
to analyze the main relevant BRT corridors. In a smaller city like Dar es Salaam, only
three hundred zones were necessary for the main BRT-corridor analysis, though for
detailed traffic-impact analysis, the city center was later broken down into an addi-
tional twenty zones.

Table 4.4 lists the number of zones that have been developed for various cities.
Note that cities such as London have multiple levels of zones that permit both coarse-
and fine-level analyses.

Table 4.3. Typical Zone Numbers for Modeling Studies

Location Population Number of Zo@smments

Bogota (2000) 6.1 million 800 BRT project

Jakarta (2002) 9 million 500 Strategic planning zones

Dar es Salaam (2005) 2.5 million 300 BRT project

London (2006) 7.2 million 2252 Fine level subzones
1000 Strategic planning zones

Santiago (2009) 5.5 million 700 Strategic planning zones

Montreal Island (2008) 3.4 million 1425 Strategic planning zones

Dallas-Fort Worth (2004) 6.5 million 4900 Strategic planning zones

Ahmedabad (2009) 5.4 million 1,400 One zone per bus stop

Pune-Pimpri Chinchwad (2011) 5.3 million 1,855 One zone per bus stop

Source: Ortazar and Willumsen (2011) and ITDP

Usually, models provide a good level of accuracy for trunk routes, but not neces-
sarily for feeder routes. Feeder routes typically serve an area within a zone, especially
outside of the direct catchment area of the BRT, where zones are normally a bit larger.
Thus, those movements are not recorded in the model. A very detailed model to ac-
count for feeder routes, however, is not practical; so, besides using the modeling tool,
the feeder system should be designed based on the existing system (field observation
and experience) and allow flexibility to make changes during implementation.

These zones, and the road network, must be coded into the transport model.
This process will not be described here in any detail, as it is a standard function of all
transport modeling and is thoroughly described in the documentation of any com-
mercially available transport demand model. The basic points of this process are
summarized below.

Data is usually entered into a transport model either as a point, called a “node,”

“

which has a specific “x” and “y” coordinate, or as a “link,” which is a line connecting

Figure 4.24. Geographic area divided into zones for
modeling purposes. Zoning system for Dar Es Salaam
BRT feasibility study. /TDP.



two nodes. Normally, each intersection and each major bend in a road are assigned
separate nodes. Nodes are usually numbered. Ideally, the x and y coordinates of each
node should correspond to the actual latitude and longitude of that node. Making
sure these nodes correspond to actual latitude and longitude is called “geocoding.”
Geocoding will ensure that data from different sources are consistent.

Normally roads are broken up into different links. Links are usually named from
their origin node and their destination node.

For example, in Dar es Salaam, there was already an existing GIS map. If no
GIS map exists, then staff can utilize a GPS device to record the coordinates of each
of these points (Figure 4.25). In Dar es Salaam, the team initially defined 102 nodes,
and later increased it to 2,500 important nodes. By the end, the nodes represented
most of the important intersections in the city. Each node was recorded in a simple
spreadsheet (Table 4.5). Alternately, the street network can be traced over a geo-
referenced aerial photo.

Table 4.4. Node Coordinates in Dar es Salaam

Node identification number X coordinate Y coordinate
13 16340 26375
14 16835 26370
17 17212 26440
23 16433 26090
24 16835 26090
27 17339 26185
28 17580 26300
33 16435 25810
34 16835 26805
127 17110 26060
128 17540 25930
134 17285 25675

By connecting these nodes, a series of links are defined that represent differ-
ent roads. For example, in Dar es Salaam, Morogoro Road between Sokoine Drive
and Samora Avenue, is a link (the link between the nodes Morogoro Road X Sokoine
Drive and Morogoro Road X Samora Avenue). Link data can also be entered into the
transport model from an Excel spreadsheet (Table 4.6).

Table 4.5. Link Data for the Transport Model in Dar es Salaam

Link Node A Node B Two directional
1 13 14 Yes
2 14 17 Yes
3 13 23 Yes
4 14 24 Yes
5 17 27 Yes
6 23 24 Yes
7 24 127 No

8 127 27 No
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9 27 28 No

10 23 33 Yes
11 24 34 Yes
12 33 34 Yes
13 28 128 No
14 128 134 No
15 134 34 No

These links are generally further defined based on the number of lanes, direc-
tion of movement, and other characteristics. However for public transport planning
it is not really necessary to further define at this point.

Zones are generally entered into a transport model based on the nodes of all
points that are needed to define the boundary. In an Excel spreadsheet, each zone
will just look like a series of nodes defined by their x and y coordinates.

Once the data is entered into a model, the zone is actually represented by a
special type of node called a “zone centroid.” This zone centroid is a node that is
used to signify the average characteristics of the particular zone. In Dar es Salaam,
for example, in addition to 2,500 nodes along roads, there were another 300 zone
centroid nodes. Trips are generated and attracted to these centroids. It is therefore
important to know how these centroids are connected in particular to stations in a
new BRT design. Normally these zone centroids are in the middle of the zone, but if
all the population is concentrated in one smaller part of a zone, it is better to move
the zone centroid closer to the population concentration.

4.4.3 Origin-Destination Survey and Matrix

There are two basic ways to create a public transport system origin-destination matrix
for public transport customers without doing a household survey. The most common
approach is to conduct an onboard origin destination survey of an entire study area.
This survey is one of a family of surveys called intercept surveys, where individuals in
the process of making a trip are interviewed either on a bus or minibus, or while riding
their bicycle, about their trip origin and destination (where they began their trip and
where they will end the trip) and also often the purpose of the trip. Planners should
remember that this type of survey will not provide estimates for possible mode shift
for private vehicles nor induced demand. And if it only applies to a portion of the
city, it may not take into account important changes in travel patterns in the public
transport system when a BRT system is implemented.

Another approach that is becoming popular, as mentioned in Section 4.3.5. above,
is to do a type of boarding and alighting survey where customers are given a num-
bered token when boarding a bus or minibus, and then they turn in their token when
alighting. In this way, their precise boarding and alighting location is recorded. This
creates an OD matrix that is specific to a bus route. When all the bus-route-specific
OD matrixes are added up, one has a type of OD matrix that has one main problem:
it is unable to distinguish between those customers whose origin and destination are
near the bus stop where they boarded or alighted, and those customers who are trans-
ferring to some other public transport route or other means of travel. This problem
can be partially corrected by conducting extensive transfer surveys at any likely trans-
fer point, and using the transfer ratios to adjust the OD matrix. This method is often
faster, cheaper, and easier to conduct, and as a result larger sample sizes are usually
viable. There is also a reduced risk of coding errors. It also has its downside. If the
transfer points are not very well known, or if buses do not stop in regular locations,
many transfers may be missed, leading to distortions. This sort of survey also does



not provide useful information about trip purpose, and precise destinations that may
be quite far from bus stops.

Origin-Destination is not always used by transport agencies to forecast rider-
ship. According to a survey conducted for a Transit Cooperative Research Program
(TCRP) report on forecasting and service-planning methods, only 29 percent of trans-
port agencies in the United States consider OD data to be a major part of demand es-
timation. Nearly half (43 percent) consider OD data when forecasting ridership but
do not see it as a major part of demand estimation. Twenty-three percent of agencies
did not consider OD data at all.

Overall, the survey found that 63 percent of transport agencies used OD data
gathered from onboard surveys and 40 percent of agencies used OD data derived from
modeling as a source when forecasting ridership. In comparison, ridership data col-
lected from fare boxes and by ride checks were much more likely to be used. Eighty-
six percent of agencies used data from the fare box and 80 percent used occupancy
surveys. Ridership data collected by automated customer counters, a relatively new
means of data collection, was used by 40 percent of agencies. Other data sources con-
sidered were: existing land use patterns (71 percent), forecast land use patterns (54
percent), census demographic data (66 percent), and economic forecasts (31 percent)
and trends (29 percent).

Data Collection for Intercept Survey Approach

All the origin and destination information collected will be coded as between
the zone centroids of two of these zones, and aggregated based on these zones. A trip
between two zones is called an “origin-destination pair,” or OD pair. The table of all
the trips between each OD pair by any given mode, in this case public transport, is
called the OD matrix.

To conduct an onboard OD survey, public transport users are interviewed either
on board a bus or minibus vehicle (in that case it is not an interception point, but
a section of a road between two intersections) or at stops and interchanges. Some-
times, with the cooperation of the police, minibus customers can be interviewed very
efficiently by having the van driver pull over and allow the customers to be inter-
viewed. In Dar es Salaam, with the cooperation of the police, the planning team,
wearing DART (Dar es Salaam Rapid Transit) shirts, stopped Daladalas (paratransit
vehicles) and interviewed all of the customers inside (Figure 4.24). Other data be-
sides OD information can also be collected, if appropriate. Other useful information
can include the fares paid and the services used, but the questions should be kept
as simple as possible. Although it is tempting to ask about waiting times, these are
seldom accurately reported by individuals and are best estimated by another method.

Onboard OD surveys of bus customers typically attempt to focus on customer
flows during the morning peak period. However, it can be difficult to avoid captur-
ing nonpeak trips as well, so normally data is collected for approximately four hours
around the morning peak, and averages are taken or weighted.

The survey locations should correspond to the locations where the traffic counts
were conducted earlier, if these points were chosen wisely. In the case of Dar es
Salaam, the points where the OD surveys were conducted were the same thirty-four
points of the original traffic counts. This precision was possible due to the assistance
of the police in pulling over vehicles at particular locations. In Jakarta, the surveys
were conducted on board the buses and minibuses, so surveys were conducted along
key links that corresponded as closely as possible to the points where previous traffic
counts had been conducted.

Sample Size

The sample size for intercept surveys depends on the accuracy required and the
population of interest. The error for an intercept OD survey is a function of the num-
ber of possible zones that a customer might travel when passing through a particular
point. As a simple rule, Ortizar and Willumsen (2011) suggest the following table

Figure 4.27. Collecting data on origins and destina-
tions and fares paid from customers using the Dar es
Salaam “Daladalas” system helped define the oper-
ational characteristics of the proposed BRT system.
Maxwell Wagner Colombini Martins.



for a 95 percent confidence, with a margin of error of 10 percent for given customer
flows:

Table 4.6. Sample size for origin-destination surveys

Expected Customer flow (customers/period) Sample size (percent)
900 + 10 percent

700-899 12.5 percent
500-699 16.6 percent
300-499 25 percent

200-299 33 percent

1-199 50 percent

Usually, on potential BRT corridors, the flows are much greater than 900, so 10
percent of the total customer flow at any given survey point is a reasonable rule. In
the case of Dar es Salaam, the average customer flow at the peak hour was 10,000,
so 1,000 customers were surveyed at each point, or some 34,000 surveys for all the
points. In Jakarta, 120,000 surveys were conducted, but only about 65,000 of the sur-
veys were usable. This quantity was all that was possible with the budget available,
and constituted roughly 3 percent of the peak hour flows. In Jakarta, the survey num-
bers were weighted based on the flows on the corridor.

Origins and destinations should be recorded as accurately as possible—for ex-
ample, as the nearest intersection or other key identifier. These locations then have
to be attributed to the zone in which they are located, so the origin and destination
can be coded to the zone centroids.

Error Types

The data collection process is prone to two types of errors: measurement errors
and sampling errors. Measurement errors arise from misunderstandings and mis-
perceptions between the questions asked and the responses of the sampled subjects.
Misinterpretation by the interviewer can result in the incorrect listing of a response.
Frequently, during an OD survey, for instance, a person will identify the origin and
destination of their trip, but neither the interviewee nor the surveyor are able to lo-
cate this location within any of the zones on a map. Sometimes surveyors will also
not do the work responsibly and will make up answers. There may also be a degree
of bias in which respondents answer questions in a manner that represents a desired
state rather than a reality.

Avoiding measurement errors is a complex process that requires a lot of local
knowledge, and should start at the survey stage. One method is to ask the intervie-
wee the best local landmark, and have the local staff identify as precisely as possible
its location on a map. Another method is to have the interviewees pick their origin
and destination from a preselected list of areas and subareas, and specific popular
destinations. The latter method will probably avoid a lot of trouble and confusion,
but will lose some subtlety regarding walking distances. In countries where street
names and neighborhoods are far from standardized, the latter method may be more
effective.

Sampling errors occur due to the cost and feasibility of surveying very large sam-
ple sizes. Sampling errors are approximately inversely proportional to the square root
of the number of observations, i.e., to halve them it is necessary to quadruple the
sample size.

Origin Destination Matrixes

Once each OD pair is coded to specific zone centroids, a separate OD matrix is
created for each survey point. For each survey point and each direction, it is simply
a matter of adding up the trips surveyed between each OD pair for the peak hour.



This raw survey data will give you a preliminary OD matrix for each direction at each
survey point. Table 4.8 outlines the general form of a two-dimensional trip matrix.

Table 4.7. General form for a two-dimensional trip matrix

Origins Destinations
1 2 3 | .z i Tij
1 T11 T12 T13 LTl LTz 01
2 T21 T22 T23 T2j T2z 02
3 Tij Tij Tij Tij Tij 03
Til Ti2 Ti3 Tij Tiz Oi
Z Tz1 Tz2 Tz3 Tzj Tzz 0z
YiTij D1 D2 D3 ..Dj ..Dz YijTij=T

Source: Ortazar and Willumsen 2011.

From Table 4.8, “T11” indicates how many trips were made within Zone 1; “Tij”
indicates the total surveyed trips between Zone i and Zone j; “O1” is the total origins
in Zone 1, and “D1” is the total destinations in Zone 1.

This simple matrix is still not a full OD matrix for the whole city’s public trans-
port trips during the peak hour. To get to that, the number of people surveyed needs
to be related to the total number of public transport customers per direction per hour
at each survey point. This process is called expanding the matrix. The total number of
public transport customers at the peak hour is taken from the data that was collected
earlier at each of the same points using the public transport vehicle-occupancy sur-
veys. For example, in Dar es Salaam, on some corridors 1,000 out of 10,000 hourly
public transport customers per direction were collected on some corridors, which
yielded an expansion factor of ten. On this matrix, the observed OD trips need to
be multiplied by ten to get the total public transport trips at the peak hour. On other
corridors, where 1,000 interviews were taken for only 6,000 customer flows, the ex-
pansion factor is six, so the surveyed OD trips need to be multiplied by six. Each sep-
arate matrix needs to be expanded by its appropriate expansion factor (as indicated
in Table 4.9.), or can be expanded using a single expansion factor.

Table 4.8. OD Matrixes Expanded by Expansion Factor

Point Initial factor Sample PAX/Peak Hour Daladala smalDaladala large
PO1W1 12.9295302 298 3853

PO1W2 1.53046595 558 854

Po2w1 6.545655774 493 3227.008297 320.5 63

PO3W1 5.833990702 515 3004.505212 68 68

PO3W2 2.928214064 522 1528527741 60 54

PO4W1 14.87864833 619 9209.883319 409.5 95.50

PO6W1 9.375530401 511 4790.896035 65.5 107

PO6W2 4431338691 358 1586.419251 83 62.5

PO7W1 2.597194766 502 1303.791773 164 8

PO7W2 9.968302596 449 4475.767865 210 16



PO9W1 1292116263 470 6072.946436 180.5 65.5
PO9W2 6.609650125 485 3205.680311 181 47.50
P10W1 25.42999509 515 13096.44747 628.5 65.5

Because the point of each OD survey was chosen to pick up a discrete set of
OD pairs, each individual OD matrix will largely cover a different part of the city,
but there will be some overlap and therefore the risk of “double counting” trips will
happen twice. The individual matrices will have some OD pairs with actual values,
and some OD pairs with zero trips (Tables 4.10 and 4.11).

Table 4.9. OD Matrix #1 Eastbound Morogoro Road and United Nations Intersection

Origins Destinations
1 2 3 4 5 Yj Tij

1 4 10 6 0 0 01

2 12 4 2 0 0 02

3 16 5 12 0 0 03

4 3 2 0 0 0 Oi

5 0 0 0 0 0 Oz
D1 D2 D3 D4 D5 Total

Table 4.10. OD Matrix #2 Southbound Old Bagamoyo Road and United Nations Intersec-
tion

Origins Destinations
1 2 3 4 5 3j Tij

1 0 0 0 12 15 01

2 0 0 3 15 20 02

3 5 2 15 8 10 03

4 0 0 0 6 11 Oi

5 0 0 5 12 10 Oz
D1 D2 D3 D4 D5

To develop the full OD matrix for public transport trips in Dar es Salaam, a sim-
ple estimate would be to take the maximum value for any OD Pair in any observed
survey. Strictly speaking, the correct value for each cell where multiple observations

are expected depends on p¢., the proportion of trips between origin i and destination

a

ij?
7 that pass through each intercept point a, on r,, the sampling ratio at each point a
(a number between 0 and 1), and on s the number of trips between i and j observed
at point a. Then, the correct estimator for the number of trips when there are n;;

points that would have intercepted trips from i to j, is:

>

ngj

B >

ngj

a
s
ra

Of course, if there is only one intercept point for that OD pair (n;; = 1) and there is
only one useful route from i to j (=1, then the formula reverts to the familiar
sample expansion:



s@.

o Y

Tij =

For illustration purposes in Table 4.12, the values from the previous two tables have
been combined to form a complete OD matrix (assuming that only two points are

surveyed).

Table 4.11. OD Matrix Dar es Salaam

Origins Destinations
1 2 3 4 5 %) Tij

1 4 10 6 12 15 o1

2 12 4 3 15 20 02

3 16 5 15 8 10 03

4 3 2 0 6 11 Oi

5 0 0 5 12 10 Oz
D1 D2 D3 D4 D5 Total

This methodology is used to avoid the double (or triple) counting of some trips.
This double counting may happen because some journeys may have been intercepted
by more than one survey station, either potentially or in the sample. In this case,
steps must be taken to avoid exaggerating their importance in the matrix by weighting
those cells appropriately—for example, taking the average value of duplicated cell
entries. On the other hand, people may go in very different directions to reach the
same endpoint, so using this method will undercount the total demand. For more
details, consult Ortizar and Willumsen 2011.

Validation

Due to these distortions, along with measurement and sampling errors, it is
usually necessary to undertake corrective actions. A validation process is typically
done at the conclusion of the data-collection process in order to provide a degree of
quality control.

Validation is usually accomplished by looking at OD pairs route by route, and
doing an informal trip assignment, assigning the OD trips to specific public transport
routes, and comparing the aggregate total trips to the aggregate trip counts developed
from the occupancy surveys and public transport vehicle counts (Figure 4.27).

Calibration of Passengers Volumes
2500
y = 0.82x +362.57 . *
R*=0.97 -
" 2000
*
g /
= *
}O 1500 =
*
= *
= 1000 —
=2 +o*
=
500
0 T T T T
0 500 1000 1500 2000 2500
Observed Volumes

Figure 4.28. Modeled versus observed customer volumes in Jakarta. Remi Jeanneret.

Once the OD matrix has been cleaned and calibrated, the OD matrix can be in-
put into the transport model, and the testing of different scenarios can begin. The
OD matrix can also be used to generate an origin-destination map that gives decision



makers an overall view of the density of origins and destinations in the city. The OD
map will frequently illustrate the extent to which trips are distributed or are central-
ized within the city. The OD map of Bogotéa shows that there is a heavy concentration
of trip destinations to the central business district (Figure 4.28).
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Figure 4.29. Origin-destination map for Bogota. TransMilenio SA.

4.4.4 Outputs of the Public Transport Model

Once the road system and the OD matrix are input into the transport model, different
scenarios for the BRT system can be tested. While the output from the public trans-
port model will be used at various points throughout this guide, for the time being it
will be used to generate demand estimates for specific BRT system scenarios.

The first step is generally to take a look at the existing public transport demand
on all major corridors throughout the city at the peak hour. These results should now
yield a much more accurate estimate of total existing public transport demand on all
the major corridors in the city. This result is a valuable tool for prioritizing which
corridors should be included in the BRT system. Figure 4.29 is a picture of the total
existing public transport demand on all of the major corridors in Jakarta.
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Figure 4.30. A graphical illustration of demand volumes from Jakarta. /TDP.

These total-demand estimates, or “desire lines,” tell how many public transport
customers are currently on each major corridor. It still does not say anything about
how many public transport customers will be on a specific BRT system.

When first coding the existing public transport system into the model, the fol-
lowing additional information will be required:

« Vehicle capacity (total standing capacity is all that is used);
Public transport (this will be a series of links; each direction needs to be
coded separately because sometimes bus routes do not go and return on
the same roads);

Specific location of the bus stops (for most of the network, just assume
the bus stops are at the intersections, but the BRT corridor nodes should
be added specifically at the bus stop, and the links between the bus stops
should be broken into separate links);

Speed on each link (this will be taken from the bus speed and boarding
and alighting survey);

Bus fare (usually the models allow fare distance, and if there is a flat fare
leave the distance blank);

Bus frequency;

Value of time (there are various ways of calculating this value, but in prac-

tice this value is based either on interviews with bus customers or typically

50 percent of the hourly wage rate for the typical bus customer).

At this point, the scenario to be tested should be carefully defined. In the case
of TransJakarta, the scenario was essentially defined through a decision taken by the
governor. The governor’s design decision was as follows:

TransJakarta would go from Blok M to Kota station with twenty-four stops

at specific locations;

TransJakarta would have fully segregated lanes and of certain design;
TransJakarta would charge a flat fare of Rp. 2,500 (US$0.30);

There would be no feeder buses and no (functional) discount transfers
from any existing routes;

Ten existing bus lines travelling between Blok M and Kota would be cut;
all other bus routes would be allowed to continue to operate in the mixed
traffic lanes at curbside bus stops;

Fifty-four buses were procured to operate in the system.



When coding this BRT scenario into the public transport model, there is a small
difference between coding a new BRT link and coding just any other bus route. In
order to test some unique elements of the BRT system, the BRT link will be coded as
an entirely new road link with special BRT characteristics, rather than assuming that
it is a bus line operating on an existing road link that is open to paratransit vehicles
and other vehicles. This new BRT link in the model will only be coded for use by a
specific BRT vehicle that may be a new vehicle category that does not already exist.
In the case of Jakarta, these vehicles are only used on the BRT system. This special
coding of the BRT link is also required to give this route special fare characteristics,
such as the possibility of free transfers between routes when the system expands to
more than one route. Thus, coding a new BRT route is no different from coding any
public transport route, except:

e The bus speed will be higher than for routes on the mixed traffic links.

The BRT bus speed must be calculated specifically based on the system’s

design, but it is generally between 20 and 29 kph (see Chapter 6 for more

information);

« Some new station locations will be created, which will affect walking times;

» Bus frequencies will be specific to the number of buses and the bus speed;

 If a lane of mixed traffic is being removed from the existing link, the def-
inition of the characteristics of that link will need to be changed to reflect
the loss of a lane. This change will only be necessary for running the full
transport model in the future;

« It may be necessary to adjust the bus speeds downward for all the bus
routes that are running in the mixed-traffic lanes. If there is only a public
transport model, this will only be an estimated impact. If there is a full
transportation-demand model, the model will help calculate this impact.
After defining the new BRT links and assigning them a new BRT route with the

characteristics reflecting the political decision, the projected demand for this specific
scenario can be calculated (Figure 4.30).

Figure 4.31. Demand estimate for Translakarta Corridor I, Scenario |. /TDP.

In the case of Jakarta, the projected demand on Corridor I for the scenario de-
termined by the governor was tested. Based on the lack of a feeder system and the
unwillingness to cut bus routes that ran parallel to the new BRT system, the demand



on the new system would not be very high. Because one mixed traffic lane had been
removed, while few of the buses in the mixed traffic lanes had been removed, mixed
traffic lanes would be more congested. However, due to the lack of a full transport
model, the precise scale of this impact was not known. The planning team therefore
encouraged the governor to expand the trunk system rapidly, to add feeder buses with
free transfers onto the trunk system, and to cut more existing parallel bus routes.

Note that this demand estimate assumed that the new BRT system would only
get the trips from existing public transport trips. It did not assume that any trips
would be attracted from other modes, as the public transport model alone did not
have the capacity to provide much of an answer to this question. Nevertheless, this
analysis produced a very good conservative first estimate of the likely demand.

To include some possible modal shift from private vehicles, one can usually use
the same rough estimate methodology recommended in Figure 4.2 above. In Bogota,
where a well-designed system actually decongested the mixed traffic lanes, the modal
shift impact in the first phase was a modest 10 percent of private-vehicle users to the
BRT system. The shift came from both push and pull factors. Most directly, com-
peting routes by existing operators were eliminated or moved to parallel corridors.
As the system has expanded, approximately 20 percent of current BRT customers on
TransMilenio are former private-vehicle users. In Jakarta, where few bus routes were
cut but the level of service for mixed traffic was more adversely affected, the mode
shift was higher, at around 20 percent from taxis, cars, and motorbikes. In Ahmed-
abad, India, where there were very few bus customers originally on the corridor, there
was an even higher modal shift (less than 30 percent), mostly from motorized three-
wheelers and motorcycles, which before accounted for less than 70 percent of the
existing modal split.

With this demand estimate, planners are better able to assess whether the phys-
ical designs proposed will have sufficient capacity to handle the projected demand,
whether stations will be congested, and whether or not the system is likely to be prof-
itable or operate at a loss. Planners can optimize the proposed-route network to in-
crease load factors and minimize the need for customer transfers.

4.5 Estimating Demand Using a Full-Transport Model

“Those who have knowledge, don’t predict. Those who predict, don’t have
knowledge.”

— Lao Tzu, philosopher, 6th century BC

Most BRT systems in the world have been planned using only a public trans-
port model, without having the full transportation system modeled. The lack of full
modeling occurs because such modeling is only in its infancy in most developing
countries, and it takes time to build up the data, the skills, and resources to develop
a full transport-system demand model. Nonetheless, the tools provided by the full
transport-demand model are very useful to BRT planning, and if time and resources
allow, developing a full transport demand model is worthwhile.



4.5.1 Overview

By including all possible modes and replicating the decision process of all citizens
to travel, in a full-transport model, there will be a much better sense of “potential”
customers for the BRT system who may currently be taking motorcycles, private cars,
bicycles, or walking. This model better captures the effects of congestion on different
points of the network.

Guidelines for how to build and operate a full-transport demand model are be-
yond the scope of this guide. However, some basic information on transport modeling
is included here to give BRT planners a general overview of how these models work,
as they are likely to have output of these sorts of strategic models. Full transport
models are normally constructed upon variations of the “classic four-stage models”
discussed next.

While complex mathematical relationships underpin these full transportation
models, the basic premise behind the modeling analysis can be presented in an under-
standable form to a wide audience. Figure 4.31 outlines the classic transport model.
This model still serves as the basis for the various software products that today enable
effective transport modeling. There are two distinct moments regarding four-stage
models: the model development and the model application. The first is about under-
standing what factors influence people’s decisions about what trips they make and
how they make them; this is done by observing people’s decisions and splitting them
into groups that made similar decisions when faced with the same parameters. The
second is about proposing new conditions (city growth, transport projects) and sim-
ulating the decisions people make under this new condition.

In short, the application of the model consists of the following:

 Defining inputs:

« Land use (existing or future) that points where activities are developed;

« Transport network (existing or future): road network with its features
(eventual bicycle network included here), public transport network (modes,
itineraries, frequencies). This changes throughout the day (even road di-
rections can change), so typical moments of the day are to be considered.

Calculating the travel matrix (there are usually several “market segment”
matrices for each typical moment of the day);

Simulating the matrix (demand) with the network (supply) to evaluate

how each part of the system will be effectively used.

The third step alone is iterative, because as parts of the system get congested,
people will try alternative paths.

The second and third steps together are also iterative (less iterations are re-
quired) as the travel matrix is a function of the travel times, and congestion will affect
the decision to travel.

In the context of planning, the process is iterative, since it is based on the results
that one will propose (or foresee) modifications both in land use and in the transport
network.

The four-stage model is useful for the development of a strategic plan, because
it makes it possible to consider new modes of transport to be created and to evalu-
ate long-term land use changes. It is more useful to use a full transport model when
faced with a lack of data from comparable services or services that do not exist yet,
as it will allow for multiple scenarios and an iterative process that looks at the po-
tential shifts in demand that result from new or additional services.. According to
a survey on fixed-route public transport ridership forecasting and service planning
methods appearing in a TCRP, 47 percent of US transport agencies reported using the
four-stage model for the purpose of implementing a new system. The remainder of
agencies use different means of estimation, or hire consultants to conduct a rider-
ship forecast. Of the agencies surveyed, 11 percent use elasticities to determine the



impact of implementing each planned bus rapid transit improvement. Another 11
percent considers the impact of improving existing travel times. Seventeen percent
of agencies would hire an analyst to forecast ridership. The remaining 19 percent of
agencies indicated that they would not analyze ridership impacts, but many were not
currently considering implementing a new mode of public transport service.

The TCRP survey found that 44 percent of agencies used the four-stage model
to determine long-term ridership. Thirty-three percent used trend lines, 22 percent
considered service level changes, and 14 percent would not conduct such analysis.

Rio de Janeiro City Transportation Master Plan

Rio de Janeiro City Transport 4-stage model development
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Figure 4.32. Inputs and activities example for the development and application of a classic four-stage model for the
Rio de Janeiro Master Plan city. Protocubo.

4.5.2 Sub-Models

Market segmentation can be a key issue in deriving good modeling results. Differ-
ent people react in different ways to changes in the transport system. Even the same
person may behave in different ways when travelling to work, on business, or dur-
ing leisure time. These differences affect design when considering the service during
peak (mostly journeys to work and school) and off-peak periods (mostly shopping,
social, and recreational trips). The proper segmentation of data can be costly since
it requires more carefully collected data and greater detail in the modeling process.
However, the benefits of segmentation can be a system well-tailored to the needs of

the customers.

4.5.2.1 Trip Generation

When applying this model the input is the land use for a given area (zone), which may
be expressed, for example, as:

« Number of households per income level and per number of residents;

o Number of residents per age;

« Level of education;

« Employment by activity sector.



These are usually projected numbers, based on trending projections considering
development projects, in a table such as Table 4.13.
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Figure 4.33. Table FixMe

The “borders several OD matrices” are the output of this model; by borders we
mean the total number of trips with origin and destination in each zone, as in the
following:

For one future scenario, the number of matrices’ borders generated can easily
be over thirty by combining:

« Moments of the day: usually at least morning peak, afternoon peak and off-
peak, but sometimes midday and night (this are usually proportionally di-
vided based on traffic and public transport volumes if dynamic allocation
will be made);

e Trip purpose: At least work, education, and others, but sometimes this
may include: shopping, social, and recreational; health and personal busi-
ness; and escorting other people;

e Income level: Splitting population into three to five income groups, de-
pending on evidence of behavioral gaps observed in the model develop-
ment.

Additional classification by person type can be included, typically focusing on
personal characteristics that may include car ownership levels, household size, and
household structure along with other factors such as residential density that play a
role in determining the number of trips produced per household.

The development of the model consists in analyzing the mobility rate for trip
purpose, including employment sector and school level for each market segment, nor-
mally on data from household and/or workplace surveys.

This analysis is complemented by land use census data (population, employ-
ment, education, and specific activity sectors from commerce, industry, and health
agencies and unions) and crossed with current trip estimates based on traffic and
public transport surveys and transportation sector operation reports.

The trip generation model is usually is divided into two other models: produc-
tion model and attraction model.

Figure 4.34. Table FixMe



4.5.2.2 Trip Distribution

The next stage in the application of the model is to fill the interior of the matrices,
“the borders” of which were determined in the previous stage.

This can be seen as a dispute for the places where people will do their daily
activities: work, study, shopping, others. At this point we know where people live and
when and what activities they participate in based on their personal characteristics
(income level, at least); we also know where these activities happen, but not everyone
can do them in the same place, and we must assign each person to a location.

This dispute will be based on how people perceive the need to travel as a deter-
rent to their activities. In the extreme case of a small town where there is no con-
gestion and the longest possible trip is five minutes, trips would be proportionally
distributed from every origin to every destination. In a larger city, there will be more
trips between closer zones.

Current or future travel times and costs between zones are a function of the ex-
isting or proposed transport network supply for the given time of day (public transport
frequencies, road network, etc.) and subject to congestion, which is a function of the
matrix we are trying to determine (one of many matrices we are trying to determine).
Usually a simulation considering a past distribution or simply the distance as cost is
used as the start of an iterative process; no more than two reiterations are typically
required for reaching a stable solution.

Trips will be distributed with respect to the total cost of travelling from each
origin and destination zone, in an attempt to be proportional to users’ perception of
the cost of travelling between the zones.

The perception of cost, including the time to wait and transfer, is discussed in
Box 4.2. Those perceptions are cultural specific and affects the willingness of a given
market segment to travel farther and how they travel. This can be calibrated from the
survey data, normally home interviews, as they capture trips of all possible lengths.

This procedure is commonly referred to as the “Gravity Model,” with its mathe-
matical expression to satisfy the fulfillment of the matrix in the above condition given

by trips (T;;) between i and j (eq. 4.1):

Ti]' = Al . Ol . Bj . D]' . 6_’80”

Where O; and D; are total trips generated and attracted to zone 7 and j respectively,
cij is the cost of travelling between 7 and j (generally a combination of time and fares)
and 3 is a parameter that defines how cost deters travel. The component e~ #%i is
usually called a deterrence function, as it expresses the way in which distance (costs)
prevents longer trips. As shown in the next figure, where the Y axis indicates how
frequently a given trip would be seen for the travel time given in X: the lower the beta
calibrated for a given market segment, the less the travel time (or travel generalized
cost) is affecting the willingness of that market segment to travel farther to do its
activity. The other two parameters, A; and B; are required to ensure the final trip
matrix matches the total number of trips generated and attracted at each zone; these

are estimated iteratively.

Box 4.2. Generalized Costs
The “costs” of using a car or public transport in the transportation models are usually
expressed as “generalized costs” that combine time and money elements. A usual
formulation for this generalized cost is shown below:

For public transportation:

Equation 4.2:

Cpup =a-IVT +b-WTM + ¢- WAT + d - TTM + e - NTR + f - FAR
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Where:

* Cpup = Costs of using public transport;

e a,b,c,d,eand f = parameters representing the weight attached to each
of these elements in the journey;

e IVT = Time in minutes spent on the bus;

 WTM = Total waiting time to board the bus;

» WAT = Total walking time to and from the bus stop;

» TTM = Time spent transferring from one service to another, if any;

* NTR = Total number of transfers required for the journey, if any;

» FAR = Total fare paid for the whole journey.

The factors a, b, ¢, d, e and f are parameters representing the weight attached
to each of these elements in the journey. This generalized cost can be represented
in time or monetary units. For example, by dividing the whole formulation by f, the
generalized cost would be measured in money units. It is more advantageous to divide
the formulation by a and then measure generalized costs in (in-vehicle) time units.

Research results agree that walking, waiting, and transfer times are between
1.5 and 3 times more onerous than in-bus times, with the precise values depending
on cultural and local conditions like the weather. Similarly, the need to transfer is
perceived by customers as adding a notional three to six minutes to their journey. A
good starting point is to assume that b, c and d to be twice as big as a, and that e¢/a is
about five minutes.

This provisional formulation could then be written as (eq. 4.3):

Cpup = IVT + 2 WTM + 2 WAT + 2 TTM 4 5 NTR + f/a - FAR
Where:
¢ f/a = Inverse of the value of time savings.

An initial estimate could be the length of working time required to earn one
unit of currency, for example how many minutes it takes for the average earner to
earn US$1. The average earner in question is the type of user the new BRT is trying
to benefit most. For example, if the average wage rate per hour for the population of
interest is US$2, then is thirty minutes per dollar. The generalized costs in this case
would be measures in generalized in-bus minutes.

For private transport:

The formulation would be similar for cars (or motorcycles), but in general it will
be assumed that the waiting time is zero, walking is minimal (usually assumed to
be zero as well), there will be no transfers, and instead of fares one must consider a
combination of fuel and parking costs plus any toll payment (eq. 4.4).

Cear = IVT + g - Fuel + h - Park + i - Toll
Where:

* Cecar = Costs of using a car;

e IVT = Time in minutes spent on the bus;

e Fuel = Cost of fuel,

e Park = Cost of parking; journey;

 Toll = Cost of tolls;

* g, hand i = parameters representing the weight attached to each of these
elements in the journey.



This implies that car users are only reasonably aware of fuel costs, but ignore
maintenance and depreciation costs; there is some evidence that this is the case. For
parking, the value of h is usually assumed to be half of g, implying that the parking
costs are shared by the onward and return trips. The coefficient  for toll should be
the same as g, except that paying cash for tolls is usually seen as more onerous than
filling up the tank; nevertheless, the default value would be i = g.

Both expressions for generalized cost (public transport and car) ignore the fact
that a car is usually more comfortable and convenient for many journeys. To accom-
modate this influence, it is customary to add a “penalty” to the less convenient mode,
in this case public transport. This penalty is in the range of five to fifteen (general-
ized) minutes and this extends the generalized cost as (eq. 4.5):

Cpub = IVT + 2 WTM + 2 WAT + 2 TTM + 5 NTR + f/a - FAR + PENALTY

Where:
» PENALTY = Cost of public transport being less comfortable and conve-
nient than using a car.
The revised expression for public transport and the expression for private trans-
port are the versions of generalized costs used in Logit mode choice and Gravity mod-
els.

4.5.2.3 Modal Split

A complexity not previously mentioned is that costs need to consider private and
public transport altogether. When new services are added or taken away, people may
shift from one mode to another and some may decide on the least costly as the car.

In summary, the application of this stage consists in further splitting the previ-
ous (eventually fifty matrices) in two (adding up to a hundred), one for public trans-
port and one for private transport. A model that includes “Park and Ride” splits the
trip into two parts here, including one part in each matrix.

This would entail presenting travellers of a given “market segment” for each OD
pair with the times and costs of several possible modes (under the proposed transport
network) to see which mode of travel they would choose.

Even inside the same “market segment” the changing decision point is not clear—that
is, it is not the same for everyone in that segment. The “answer” of the model is given
in proportions, like this: “confronted with the proposed network costs, people trav-
elling from O to D in the given market segment X percent will use public transport
(eventually specifying which one), Y percent will use private transport (eventually
which one), Z percent will use bicycles.” X, Y, and Z will add up to 100 percent and
eventually one (or more) of them will be zero.

The model development consists of analyzing how people make decisions when
confronted with various alternatives.

From a policy point of view, perhaps the most important stage in the transport-
modeling process is the selection of mode choice for different trips. Determining the
number of trips to be made by public transport, nonmotorized options, and private
motorized options will have a profound impact on future municipal investments. The
factors that affect mode choice can be summarized in three groupings :

1. Characteristics of the trip maker:
» Car availability and car ownership;
» Possession of driver’s license;
» Household structure (young couple, couple with children, re-
tired, single, etc.);
¢ Income;



» Residential density.
2. Characteristics of the journey:
« Trip purpose (work, school, shopping, etc.);
» Time of day when the journey is taken.
3. Characteristics of the transport facility:
« Quantitative:
- Relative travel time (in-vehicle, waiting, and walk-
ing times by each mode);
- Relative monetary costs (fares, fuel, and direct costs);
- Availability and cost of parking.
e Qualitative:
— Comfort and convenience;
- Reliability and regularity;
- Protection and security.

The mode-choice model will typically include these factors in estimating levels
of usage between different modes. Segmentation will of course be very important.
One should only include choices that are readily available to each type of user. For
instance, driving a car is only an option for those in households that own a car. In
some cases, travellers with a car provided by their company are in effect captive to
that mode, as they have no choice.

If it has been decided that the BRT design must consider customers attracted
from other modes, mode-choice modeling will be essential. However, this is a special-
ized undertaking that usually requires good modeling techniques and trained special-
ists. If it is not possible to conduct a full modeling process, then it may be appropriate
to make a simplified assumption about potential demand increases due to mode shift.
This shift is unlikely to represent more than 5 to 20 percent of the demand in the new
system.

The most common type of model used to represent mode choice is a logit model
(and its similar generalization for multi-class called logit multinomial). The Logit
model is a probability distribution for a discrete choice, where the outcome is related
to the characteristics of the user that makes a choice. A higher-income transport user,
then, will have a higher probability of choosing a private car for his or her trip than
a lower income user. This expresses the probability or proportion of trips that would
use public transport (F5,,s) below instead of cars as:

e—Chus 1

Ppys = =
us e_Acbus + e—ACear 1+ E_A(CCBT_Cbus)

Here, the only new element is the parameter \. Cl,, is the generalized cost for public
transportation and Cear is the generalized cost for a car (this would be calculated for
each OD pair). Figure 4.33 shows the influence of this parameter in making choices
very dependent on (generalized) cost or less so:
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Figure 4.36. The influence of A on mode choice proportions. Luis Willumsen.

As can be seen, a high value for A (0.25) produces a very sharp mode shift for a
small difference in costs; a small value (0.02) produces a gentler transition between
modes. Both predict a 50/50 split when the car and bus costs are equal. The value
of this parameter must be estimated locally to represent not only local behavior but
also the size and nature of zones and networks.

4.5.2.4 Assignment

The previous stages in the modeling process focused primarily on the demand side of
public transport services or generating OD matrices. The “assignment” stage is where
the supply of public transport services is matched with these demand conditions in
a simulation. This is done by calculating the times and costs required at every path
segment of the network, combining it for all the possible paths for all OD pairs to
define which will be taken (in which proportion) for each “market segment” (for that
given moment of the day).

Within a BRT system, the assignment stage also helps identify usage levels among
different routing and service options. For instance, it is quite useful to know the num-
ber of customers who will be utilizing express routes versus local routes.

In order to accurately model public transport route choice, it is necessary to rep-
resent the network with a good degree of realism. Near the corridor, many centroids
and centroid connectors should be used to better represent access times to stations.
Moreover, there is always an additional time to reach the right platform in a BRT or
metro system. Transfer times and waiting times for the next available service should
also be represented in the generalized cost of travelling along a particular route. Peo-
ple dislike transferring services because of the uncertainty involved, so there is usu-
ally a transfer penalty to consider, in addition to the time spent changing services.

Fares should also be accurately represented, and this may prove very tricky in
some cases. If there is no fare integration, each change of service will involve paying
anew fare. This additional cost may be represented as a “boarding charge.” If the fare
has an element proportional to distance, this amount must be added to the journey.
For integrated and zonal fares, the issues may be more complex to handle, but most
modern software can cope if skillfully used.

Itisimportant to adopt a realistic assignment model for public transport. This is
particularly important when dealing with corridors where many bus routes converge.
If all bus services have similar operating speeds (a common occurrence on a corridor),
earlier models will tend to allocate all trips to the service with the highest frequency.

In reality, people will probably choose the first bus that comes along, and thus it is



probably best to allocate trips to services based on frequency rather than on an “all-
or-nothing” assignment to the highest frequency service. Contemporary software
packages, especially those developed and tested for high public transport usage like
Emme/2, Cube/Trips, VISUM, and TRANUS, perform better in this respect.

Congestion in the system is defined by users’ route choice, and users’ route
choice is decided based on the congestion of the system. Equilibrium conditions
within assignment are achieved when each customer has been assigned the most effi-
cient route considering the congestion of the system. Equilibrium is very important in
dealing with private vehicle assignment, but has an equivalent representation in pub-
lic transport. Congestion effects may take place because buses are very crowded and
users will experience losses in time and comfort (increases in generalized costs), sim-
ilar to driving under congested conditions. Stopping times increase and customers
cannot board a bus (or metro or light-rail vehicle) because it is full, and they must
then wait for the next service. Replicating these conditions is important.

For the purpose of designing a new BRT system, excessive crowding and delays
to customers because they cannot board a bus should be avoided. Therefore, con-
gested public transport assignment should be less of an issue for design purposes. In
any case, congested public transport assignment is tricky and requires good use of a
suitable software platform; it should not be attempted without at least a minimum of
assisted experience.

4.5.2.5 Calibration

Calibration is the process of, after choosing the (sub) model (i.e., defining how input
and output mathematically relate), quantifying (adjust) the parameters that better
explain what is observed from the surveys. Calibration is an activity that happens
with the development of the model itself. For example, in the models discussed in
the previous section, calibration is finding such values of 3s that promote the best
fit in the distribution model for each “market segment” or the best As in the mode
selection model.

Usually, when modelers say they are “calibrating the model” they are, in fact,
adding detail to the public transport network (eventually calibrating parameters or
creating sub-models to generate congestion), so that when they run the full model
with present conditions, resulting flows reflect what is seen on the ground (traffic
counts and occupancy surveys at that moment of the day). When they calibrate the
matrix models, they usually say they are “making the models.”

4.5.2.6 Validation

Models are developed to represent the reality, based on the isolated observation of
several parts in the travel decision-making process. Each simplification is related to
an assumption (i.e., everyone in a given market-segment behaves the same). Given
the complexity of the travel decision-making process, the simpler the model, the
more likely it will not be able to explain and generate details. On the other hand,
the higher the aggregation (less detail), the more reliable (the aggregated) results
are.

An additional problem is the fact that, in many cases, we do not know the full
extent of the reality we are trying to model and cannot obtain that data. For instance,
we often do not have the real OD matrix, but the ability to sample the public transport
OD is cheaper and is one of the reasons for the reliability of public-transport-only O/
Ds).

Further, the model is constructed to provide answers (in our case the demand on
the BRT system, present and future), the error of the model to forecast answers, and
its input requirements and the maintenance of its assumptions define the validity of
the model.



A model that does not provide the required accuracy for business proposals may
be valid for corridor selection (it can certainly point where more benefit will be gen-
erated) and valid for feasibility decisions (it indicates that demand will be above a
certain level).

Validation is then a further requirement in which results from the model are
compared with data that has not been used in its construction—for example, a subset
of traffic and person counts set aside for this purpose.

Validation further requires that the responses of the model to changes in some
inputs, like prices or the introduction of new roads and services, are reasonable and
consistent with observations and model results elsewhere.

No model is without errors, but a good calibration and validation process en-
sures that any significant error is tackled and eliminated and that the model repre-
sents the reality of the base-year situation in the best possible way.

A common procedure is to adjust the matrices to match the traffic counts and
occupancy surveys; such a procedure, although useful to validate other models for
the present, completely undermines the reasoning of the classic four-stage model
and severely limits the validity of the generation, distribution, and mode selection
models.

4.5.2.7 Conversion of Demand into Revenue

The levels of demand estimated by the models will have to be converted via fares
into revenues for the system. This financial modeling will require consideration of
the proposed fare system (see Chapter 15: Fare Policy and Structure), the need to
share revenue between trunk and feeder services, the existence of certain discounted
fares, such as for students and the elderly, and the fact that there will be levels of
leakage through fare avoidance and collection loses. For that reason, creating a fi-
nancial model outside the demand model exercise is needed to understand what the
fare should be (see Chapter 14: Financial Modeling). Once the fare is set, though, the
demand model should be tested with that determined cost to see how it affects the
demand.

4.5.2.8 Evaluation

The previous modeling stages have combined supply and demand factors to develop
an overall simulation of a city’s public transport services. The final stage of the pro-
cess is to evaluate the robustness of the particular solution being proposed by the
model. The model (and each sub-model) must be plausible, i.e., the proposed rela-
tions and parameters that relate input (independent variables) and output (results)
make sense (physical sense in modeler jargon) by changing the output as expected.

Hopefully, the iterations inside the model and in the planning process will con-
verge into a single, identifiable solution for the problem (reducing travel time). If
several scenarios produce such a convergence, then the proposed solution is consid-
ered to be sufficiently robust. The lack of a convergence may imply that changes in
the model structure are necessary before proceeding.



4.5.2.9 Assessment of the Feasibility of the System

Once some sort of public transport or full transport model has been developed, and
a clear scenario for the BRT system has been defined, it should be possible to make a
preliminary assessment of the feasibility of the system.

As a proxy for cost savings, the value of time savings can be utilized. However,
it should be recognized that time savings is just one of the many reasons for encour-
aging public transport usage. Other factors include environmental benefits, fuel cost
savings, urban design benefits, and social benefits. A more complete feasibility cost
analysis would thus include these other factors. Further, time savings may be realized
not just by public transport users but by private vehicle users as well.

A good litmus test of whether a new BRT system makes sense is to compare
the existing generalized cost of an array of different trips (origin-destination pairs)
as they exist before the BRT system, and what the cost might be with the new BRT
system serving those trips.

It is important to consider this relationship and to sketch out how a new BRT
system would reduce the generalized cost of travel for a set of relevant origin-destination
pairs. This calculation can be done using information already available on existing
services, fares, frequencies, and travel times, and compared to a new system that may
have faster travel times on a trunk corridor, but require transfers and perhaps longer
walking times. This would give an idea of how much faster the buses should operate
on the trunk corridor to compensate most travellers for the need to add one or more
transfers.

For example, consider the introduction of a trunk-and-feeder system that would
replace a number of direct services. The following estimates should be made to check
whether this scenario is going to improve travel for public transport users. It can be
assumed that feeder services will have a similar performance to the current services,
but perhaps a higher frequency for the relevant OD pair. It can also be assumed that
waiting time will be reduced by two minutes each way, and that walking time will re-
main the same. The trunk-and-feeder service may require an average of, for example,
1.5 transfers per trip, whereas beforehand there was no transfer. Each transfer will
require additional waiting time for the new service (say, two minutes each), so the
original savings in waiting time will be lost. The trunk road will have to provide an
overall time savings of three times two minutes (six minutes) to be better than the old
system, provided that fares remain the same. Therefore, unless one can provide an
average time savings on the trunk route of five minutes, it will not be worthwhile to
introduce a trunk-and-feeder service. These calculations would have to be repeated
for a number of representative journeys to support a decision one way or another.

The existing public transport system may be used to identify some key corri-
dors where significant elements of demand will concentrate. Direct observations of
the number of buses, with a reasonable estimation of their customers at peak periods,
would enable an initial sizing of the new system. This determination can be achieved
in a short period of time and without detailed information on Origin-Destination pat-

terns.

4.5.3 Additional Data Needs

Much of the data required for the full transport demand model will have already been
collected during the initial analysis period. It is fairly common for transport depart-
ments to do traffic counts, and if recent traffic counts exist in reasonable locations,
this data should be usable. If counts for all vehicles were not done earlier, they need
to be done now to calibrate the transport model.

Secondly, when the road network is coded into the transport model, it is no
longer enough to simply identify existing road links, but the definitions of these links



(lanes, width, hierarchy class [ local, arterial], regulated speed, etc.) becomes impor-
tant. Furthermore, all existing alternative modes such as commuter rail lines, subway
lines, bike lanes, and so forth must be coded into the model.

Also, at this point, the demographic and economic activity data for each zone
defined earlier becomes important, such as population by zone, employment by zone,
average income by zone, vehicle ownership by zone, etc. This information is usually
obtained from census data. Historical growth rates in population and employment
by zone are the best first indicator of the likely growth rate of future trips in specific
locations. Knowing household incomes and motor vehicle ownership levels will help
indicate whether most people will take the bus, regardless of the price, or whether
they will switch to a car or motorcycle. Mapping the income levels throughout the
city will also help define price elasticities and target lower-income beneficiaries, both
important to developing the fare structure. Thus, transport models are usually built
up from demographic data on population, employment, and vehicle ownership.

Finally, for full transport-demand modeling, the planning team will need to
conduct a household and/or workplace origin-destination survey. This survey is nec-
essary since the team will only have estimates of origins and destinations for public
transport trips initially. By contrast, the full-transportation model will require OD
matrices for all modes, including walking trips and private-vehicle trips.

Surveying all members of a household regarding individual travel practices (des-
tinations, mode choice, reasons for mode choice, travel expenditures, etc.) provides a
very complete picture of where people are going, when, and why. Likewise, workplace
surveys can also be an effective mechanism. Unfortunately, household and workplace
surveys are probably the costliest of the OD survey techniques. As a result, careful
sample sizing is required; knowledge about the variables that will feed the model,
their variation, and how they will affect the model output are paramount to the sur-
veys.

Many cities have been led to waste valuable resources with huge samples, in an
attempt to obtain a detailed OD matrix

Even with very large sampling, it is certain that the resulting matrix will be very
sparse; in other words, most cells will have no trips in them. As a rule of thumb one
must have a sample size of 300 to assure that 95 percent of the surveys made will
capture events that happen 1 percent of the time. In a 200 zone division, very few OD
pairs (out of 40,000 possible OD pairs) would concentrate more than 1 percent of the
trips and this means already surveying 60,000 trips [300 hundred for each possible
origin zone]). The generation and distribution models are often the best method for
matrix estimation with a much smaller sample.

“The first requirement [knowledge about the variables to be estimated for
sample size estimation], although both obvious and fundamental, has been
ignored many times in the past. The majority of household O-D surveys
have been designed on the basis of vague objectives, such as ‘to reproduce
the travel patterns in the area’. What is the meaning of this? Is it the el-
ements of the O—-D matrix which are required, and if this is the case, are
they required by purpose mode and time of day, or is it just the flow trends
between large zones which are of interest?”

— Orttazar and Willumsen (2011, 80) are quite incisive on this point.

A good indication that home base OD surveys are being requested without un-
derstanding of the basic statistical concepts can be found in many government con-
tracts stating that “the sample for each zone should be enough to guarantee a 5 per-
cent error with 95 percent confidence,” without further stating in relation to what.

In general terms, if no household survey has already been conducted, one would
like to collect at least some one thousand home interview surveys, and preferably
three thousand, in order to produce a rough four-stage model in the study area. The
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trip data from these interviews will then be combined with that from intercept surveys
to obtain a more accurate trip pattern in the study area.

4.6 Risk and Uncertainty

“Doubt is uncomfortable, but certainty is absurd.”

— Voltaire, writer, historian, and philosopher, 1694-1778

However sophisticated, a model of transport demand is still a model, a sim-
plified representation of a real-world scenario. A degree of uncertainty will always
remain in any travel-demand forecast, and BRT planners should keep this in mind.

In terms of demand forecasting, there are two main sources of error:

1. Will the variables that define the future context (population, income, lo-
cation, employment, etc.) and policy environment (car restraint, compe-
tition, pricing, and subsidies) for the BRT adopt the values forecast at the
planning stage?

2. Do the models capture true travel behavior, and will the travel preferences
identified (coefficients in the generalized cost formulation and the differ-
ent sub-models) remain in the future?

The best way to handle these sources of uncertainty is to develop forecasts un-
der different scenarios. In the worst circumstances, more-dispersed urban growth
will continue to incentivize the use of conventional buses, taxis, and minibuses and
compete, to some extent, with the BRT system, and that no car-reduction policy will
be implemented. In the best-case scenario, urban growth will be focused on BRT, car-
reduction policies will be implemented, competing modes will be kept some distance
away from the BRT trunk network, and they will not be subsidized. An expected or
probable scenario would assume a partial implementation of those policies. The def-
inition of these scenarios will have to be agreed upon by all stakeholders, with some

consultation of possible bidders and financial institutions.
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Figure 4.37. An illustration of how these different scenarios could be presented. Luis Willumsen.

Uncertainties about capturing the true travel behavior within the model can
be treated in different ways. While it is difficult for a model to accurately capture
travel behavior, the basis for the model will be the demand on the existing routes that
currently run on the corridor. Those existing routes and their combination of services
are reasonably predictable. Ideally, that demand will have transferred to the new BRT
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corridor if those previous services are no longer allowed to run on the corridor and
that should form the basis of any forecast. This transferred demand will tend to grow
with population, although this is perhaps less certain.

Other components of BRT demand will be those captured from semi-competitive
modes not fully removed from competition: taxis and shared taxis. Other demand
may be abstracted from cars if the BRT service is good enough and car restraint poli-
cies are implemented. Finally, some people may choose to change the destination of
their trips, perhaps for shopping or entertainment, to take advantage of the better
accessibility offered by BRT.

These sources of demand have been outlined in increasing degrees of uncer-
tainty or confidence in our ability to model them accurately enough. It is desirable,
therefore, to present the final demand estimations and deconstruct the individual
components or contributions. This is illustrated in Figure 4.35. In this way, private
and public sector stakeholders, concerned about the sources of risk in the project, can

understand the most solid basis for demand and revenue projections.
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Figure 4.38. Decomposition of BRT demand estimates. Luis Willumsen.

Finally, some stakeholders, particularly in the financial community, advocate
the use of stochastic simulations to address the issue of uncertainty in forecasts. In
this case, the analysis involves the use of Monte Carlo simulations usually imple-
mented as an add-on to a standard spreadsheet.

The first step is to agree with stakeholders on the few input or model variables
that will be considered stochastic rather than fixed, and relate the outputs from the
model to the stakeholders. Additional model runs will be needed to identify, for ex-
ample, how variations in GDP growth affect revenues and therefore car ownership.
This requires exercising the model in sensitivity tests, using different values of time
in mode choice.

The next step would be to adopt some probabilistic distribution around the
mean expected values of these variables. It is common to assume that these would
be independent normal distributions, although this assumption was partly to blame
in the risk models before the 2008 financial crisis.

The next step is to construct a model where this handful of variables affects de-
mand, and where their probabilistic distributions are sampled repeatedly in a Monte
Carlo simulation. Each run of a Monte Carlo simulation reflects one possible demand
and revenue path diverging from the expected scenario. This is illustrated in Figure
14.36, where each path represents a diversion from the expected case normalized to
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1; arevenue factor value of 0.95 in one year implies that collections in that case would

be only 95 percent of the expected case for that year.

1.15

Revenue Factor

Figure 4.39. Possible revenue factors in a stochastic simulation. Steer Davies Gleave.

These results can be aggregated in different ways to express the probability that
a particular level of demand (and revenue) will be exceeded, say, 90 percent of the
time. This is usually referred to as the P90 forecast and it is sometimes used to finance
private sector schemes.

The value of this treatment is limited in the case of BRT schemes where un-
certainty resides more in transport and land use policy that is better treated through

scenario analysis.

4.7 Conclusion

With either demand on the corridor from the rapid assessment model or through the
transport model, many critical design decisions can be made with a reasonable de-
gree of accuracy. This demand estimation forms the foundation for service planning
(Chapter 6: Service Planning) to financial modeling (Chapter 14: Financial Modeling)
to infrastructure planning, including station size for buses and customers, passing
lanes, etc. (Volume 6: Infrastructure, Chapters 21-27).

BRT stations need to be sized in order not to saturate, and avoiding saturation
requires designing stations to a specific volume of boarding and alighting customers
and bus frequencies. Cities should establish their goals for percentage of overall mode
share by bus-based public transport, and make projections accordingly with regard to
future growth (and not just design based on existing demand). This approach has
been taken to calculate BRT station sizes in Pimpri Chinchwad, India, where the re-
gion has set a goal of reaching 60 percent of mode share by bus-based public transport
by 2013. The formulas for avoiding station saturation are included in Chapters 6: Ser-
vice Planning and 7: Capacity and Speed.

With the data on the maximum load at the critical link, many other preliminary
judgments can be made about the basic system design. For instance, if the number
of customers on BRT buses at the critical link is above 7,000 passengers per hour per
direction (pphpd), then a simple single-lane, single-route BRT system may not be able
to handle the demand. If the demand is below 2,000 passengers per direction during



the peak hour, BRT measures may not be very cost effective unless significant new
land development is planned in the area or a high level of modal shift is likely due to
very low mixed traffic speeds. If the demand is greater than 36,000 pphpd, it may be
better to split demand onto multiple parallel arterials or consider grade separation.
Furthermore, using simple calculations about speed and route length, one can
also begin to settle other issues like the size of the needed new bus fleet, and the
appropriate size of the bus. The formulas for performing these calculations, once a
basic calculation of the maximum load on the critical link has been made, are included

in Chapter 6: Service Planning.
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5. Corridor and Network Development

“Look at every path closely and deliberately, then ask ourselves this crucial
question: Does this path have a heart? If it does, then the path is good. If
it doesn't, it is of no use.”

— Carlos Castaneda, author, 1925-1998

The BRT Standard (2014) currently provides a definition of a corridor that can be
evaluated as ”a section of road or contiguous roads served by a bus route or multiple
bus routes with a minimum length of 3 kilometers (1.9 miles) that has dedicated bus
lanes.”

It then uses a minimum definition of BRT, defined as a minimum score in the
“BRT basics,” to determine whether the investments in that corridor constitute BRT
or simple bus lanes.

The choice of BRT corridors is critical. Not only will the selection of a good cor-
ridor increase the number of beneficiaries for the BRT investments, but a strategically
located corridor can also, under certain circumstances, stimulate transit-oriented de-
velopment with profound impacts on the future development of the city.

Ultimately, the selection of a BRT network and the prioritization of BRT corri-
dors for implementation is both technical and political. Political decisions around
corridor selection are necessary, as it is much more likely that a BRT project will get
built where there is political support for the project. However, such a political de-
cision should be made only after a detailed technical analysis recommends a set of
corridors that makes sense.

Information should be grounded in empirical reality, quantifiable, and inde-
pendently verifiable. Those harder to quantify, harder to determine factors should be
discussed as part of the political process, but should not necessarily be included in
the data collection process. This chapter provides a basic approach to defining a BRT
network and prioritizing the corridors within that network for phased implementa-
tion.

Contributors: Karl Fjellstrom, Far East BRT ; Walter Hook, BRT Planning Inter-
national

5.1 Demand Analysis for Corridor Selection

“Without mathematics, there’s nothing you can do. Everything around you
is mathematics. Everything around you is numbers.”
— Shakuntala Devi, writer known as the “human calculator,”

1929-2013

The most important factor in determining whether a corridor is appropriate for
BRT investments is the existing level of public transport demand. This is because the
existing customers using a particular corridor are more than likely going to benefit
from new BRT investments. A BRT built on a corridor with more existing transit cus-
tomers is likely to have more beneficiaries than a BRT built on a corridor with fewer
existing customers.

The methods for determining the existing level of transit ridership on a corridor
are reviewed at length in Chapter 4: Demand Analysis. For the corridor selection
process, the methodologies identified in Section 4.4 under “Basic Methodologies for
Demand Analysis” offer a sufficient level of detail to make a simple determination of
which corridors would benefit most from BRT.

Some planners have attempted to determine a minimum level of existing de-
mand below which dedicating a lane exclusively to buses is difficult to justify. The
Transit Capacity and Quality of Service Manual (TCQSM), a guide generally used in the

Figure 5.1. As this image of central Bogota, Colombia,
indicates, central business districts are a logical part
of any complete BRT network. Photo Oscar Diaz and
Por el Pais que Queremos (PPQ).



United States, recommends that a minimum ridership of 1,200 passengers per direc-
tion at the peak hour (ppdph) be a minimum threshold for an exclusive bus lane, as
this is a reasonable average estimate for the number of customers that are generally
able to use the lane when operating in mixed traffic conditions. In developing coun-
tries with much higher levels of transit ridership, it is likely that a higher minimum
threshold would be set.

This guide does not mandate a minimum threshold of 1,200 existing bus or
minibus pphpd, recognizing that there could be significant latent demand for high-
speed transit in highly congested corridors or corridors with high rates of land devel-
opment along them. The guide does recommend, however, that whatever the existing
demand, at least a thousand pphpd should be attainable within the first year of BRT
operations. Indeed, The BRT Standard (2014) deducts maximum points for systems
that do not reach this. It should be possible to estimate demand for BRT during the
first year of operation through a combination of existing bus or minibus demand, and
some indication that there is likely to be new land development in the corridor, that
congestion is likely to worsen significantly in the medium term, or that high existing
bus, minibus, or rail demand in nearby corridors would shift due to overall travel time
improvements.

Other planners have claimed that BRT as a technology cannot handle more than
thirty-five thousand ppphd, so if a corridor has a projected number of customers
greater than this then it should be reserved for heavy rail metro investments. Again,
this guide does not make a specific recommendation of this type. Under certain con-
ditions, BRT systems are able to carry more than thirty-five thousand pphpd even
with only two lanes of exclusive bus lanes per direction. For example, TransBrasil
is scheduled to open by the end of 2018 in Rio de Janeiro. This corridor is expected
to carry up to sixty thousand customers during peak hour, due to extensive use of
express services, two lanes per direction, and larger buses, such as articulated and
biarticulated buses.

This guide recommends that the existing transit ridership data be presented to
stakeholders in transparent form, ideally on a map with link by link loads.

5.2 Transit System Speed and Delay Analysis

“You think that because you understand ONE you understand TWO, be-
cause one and one makes two. But you must understand AND.”

— Sufi proverb

BRT infrastructure is only going to yield significant benefits if buses on the cor-
ridor are currently operating below their optimal speed. Therefore, the slower the
existing bus or minibus speeds on an existing corridor, the greater the theoretical po-
tential for BRT investments to improve the situation. For this reason, after looking
at existing transit demand, it is a good idea to evaluate existing transit speeds, and
to map these speeds in such a way that they are very clear.

Average bus speeds can be calculated either from transit agency data, or by
frequently riding the bus routes in corridors being investigated and measuring bus
speeds with a GPS. Below is a simple map of average peak hour bus speeds developed
during an alternatives analysis for the proposed Tianjin BRT.

If average bus speeds in a corridor are relatively high, BRT infrastructure is less
likely to bring a significant improvement in bus speeds. If, on the other hand, speeds
are very low, then BRT investments are more likely to bring about significant passen-
ger time savings and operational benefits.

Gold Standard

Figure 5.9 is a graphic taken from an analysis of two parallel corridors in Chicago.
It compares the existing running time on two proposed BRT corridors to what could
be achieved on the corridor were “Gold Standard” BRT investments made.
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Figure 5.2. Peak hour passengers, Mc;ntgcmery
County, Maryland, USA. /TDP.
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Figure 5.3. ITDP’s proposed phase 1, 2, and 3 BRT
corridors in Yichang, China. The phase 1 corridor
opened in mid-2014, while phases 2 and 3 have been
selected based primarily on current customer flows,
fairly accurately reflected in the bus flows illustrated.
The southeastern phase 3 extension is to a new area
currently under construction. Note also that phases 1
and 2 both provide downtown, city center access. Map
ITDP.
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Figure 5.4. Major arterials are not the only options for
BRT corridors. In Bogota roadways in city center are
used to give exclusive access for public transport and
pedestrians. Shreya Gadepalli.

Figure 5.5. Quito, Ecuador have made narrow road-
ways in city center exclusive to public transport. Lloyd
Wright.



Gold Standard BRT systems are primarily designed to reduce delay caused by
boarding and alighting and general traffic congestion. If the cause of delay is con-
gestion, dedicated lanes without other BRT infrastructure may be sufficient. If the
primary cause of delay is from boarding and alighting, off-board fare collection and
at-level boarding, without exclusive lanes, may be sufficient. Full BRT is most valu-
able where both types of delay are present.

Without knowing anything else about the BRT system design, it is generally safe
to assume that Gold Standard BRT systems operating on urban arterials are likely to
increase average speeds to as high as 29 kph, or in dense downtowns, as high as 20
kph. BRT speeds on highways could be significantly higher. More corridor-specific
data about the existing causes of delay can yield far more refined estimates of the
likely time savings benefits of BRT infrastructure.

5.3 Corridor Prioritization Based on Existing Demand

“Many roads lead to the path, but basically there are only two: reason and
practice.”

— Bodhidharma, Buddhist monk, 6th century

Once both existing ridership and existing speed data have been mapped, the
two datasets can be overlaid so that there is one map showing where high demand
and low speeds overlap. This is a good indication of where BRT is likely to have the
most impact.

From here, potential corridors should be delineated. Per the definition of a BRT
corridor, a corridor must be at least 3 kilometers in length. It is rare that one sin-
gle corridor will have uniform ridership and speeds along its full length. Therefore,
corridors must be selected by choosing 3 kilometer or longer continuous segments
of roadway with relatively consistent demand and speed values. This requires some
judgment on the part of the planner, and ideally some knowledge of the city. It may
make sense to draw corridors along existing bus routes, but it is not necessary since
bus routes may enter and exit corridors, so BRT infrastructure might also be built
along segments of routes.

Once corridors have been identified, they should be ranked from highest de-
mand to lowest demand, with a minimum threshold that planners believe can still
reasonably bring the corridor up to 1,000-1,200 pphpd in the first year of operation.
Each corridor should be color-coded based on its average speed. Those corridors with
unusually high speeds for the region should be screened out, as they are likely already
functioning at a relatively high efficiency. Additionally, those corridors on which an-

other public transport project is currently being planned should also be screened out.

Table 5.1. Rank order of Boston corridors from map in Figure 5.13. represents the least
delay, moderate delay, and the most delay. The City Center to Government Center route
currently does not exist, and thus the pphpd is not provided. Analysis done by ITDP.
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Figure 5.6. Customer loads and boarding and alight-
ing time for Nairobi, Kenya's A104 BRT Corridor. /TDP.
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Figure 5.7. Bus flows of all routes in Guangzhou Av-
enue (being considered for BRT implementation)

in Guangzhou, China. Peak points in the proposed
north-south BRT corridor (in blue) have more than two
hundred buses per hour in a single direction. Peak
points in off-corridor locations, showing where the
Guangzhou Avenue routes operate, feature more than
150 buses per hour in a single direction. /TDP.
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Figure 5.8. Analysis of existing bus speeds for Tianjin,
China, BRT. /TDP.
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Figure 5.9. Causes of bus delay for two corridors in
Chicago and how Gold Standard BRT can help reduce
this delay. /TDP.
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Figure 5.10. A graphical example of a possible BRT
1c Extension City Center to Government Center corridor in US29, in Montgomery County, Maryland,
USA, and its existing speeds in relation to potential
speeds. /TDP.
2 Allston Union Square to Dudley Square 1,273
3 Downtown Chelsea to Government Center 1,215
4 Forest Hills to West Roxbury 1,077
5 Harvard Square South to Newton Corner 998
6 Forest Hills to Wolcott Square 799



7 Allston Union Square to Longwood
8 Harvard Square to Watertown

In many parts of the world, demand far surpasses these minimums. In such
cases, it is generally reasonable to select the top ten corridors based on demand, as
these are the corridors on which BRT is likely to have the most impact. In fact, The
BRT Standard (2014) awards maximum points for corridors that are located in the
city’s ten corridors with the highest demand.

If stop-by-stop boarding and alighting data is available, it is also a good idea
to map boarding and alighting volumes along the corridors. The larger the concen-
tration of boardings and alightings along a corridor, the greater the likelihood that
a BRT will be beneficial. Boarding and alighting can be used as a third metric for
determining which corridors BRT could provide the most benefits.

With the top corridors ranked based on existing ridership and speed, we can as-
sume that if any of them are upgraded to BRT, the ridership will increase due to the
higher speed and attractiveness of the BRT as compared to the current bus routes or
other options. In the first year of operation, it is reasonable to expect an increase of
30 percent above existing ridership. Unless ample resources are available to build a
model, looking at existing conditions only is generally a reasonable means of deter-
mining which corridors are best suited for BRT and what kinds of ridership to expect
in the opening year.

If a good set of corridors already exists based on this methodology, it is generally
enough to build a BRT network plan. But sometimes, for political reasons, other cor-
ridors without existing bus routes, or with existing bus routes but with low demand,
are desirable for BRT. In these cases, a costlier and more resource-intensive study
must be undertaken in order to estimate demand on such a corridor and to insert it
into the rank order with the other corridors already prioritized.

5.4 Additional Corridors Based on Future Demand

“Prediction is difficult, especially about the future.”
— Yogi Berra, former baseball player, 1925-2015

There are cases in which corridors without existing bus routes, or with existing
bus routes with low demand, may still be good BRT corridors. There are four main
reasons for this:

1. Route Shift: Some trips may shift from nearby public transit routes;

2. Mode Shift: Some customers may be new to public transport due to the
dramatic service improvements that BRT can offer;

3. Land Use Changes: Land use may change, generating new trips altogether,
or BRT can be used to help stimulate land use changes;

4. Downtown Infiltration: BRT may provide a new link into a city’s down-
town, where public or private buses were not previously permitted to go.
Transit ridership during the first year of operation, however, is difficult to pre-

dict with any accuracy. Hence, future projections of this type are subject to interpre-
tation and manipulation. As such, it is wise not to put too much stock in any hard
numbers with regard to projected future ridership. It is also a good idea to require that
all assumptions used to predict future ridership be presented to stakeholders in their
raw form rather than merely processing the data and burying it in a multi-criteria
analysis. This might include:

« Service plan assumptions;

e Speeds on BRT links;

« Source of all origin-destination data;

« Land use change assumptions;

* Mode-specific constants;
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Figure 5.11. Another graphical example of a possible
BRT corridor in the same area of previous image. Here
(Veirs Mill Road), the potential time savings is much
greater on US Route 29. /TDP.

I0F | aaT

e
Figure 5.12. Boston map of existing bus ridership and
speeds. High ridership is depicted with thicker lines,

while low speeds are depicted in red. /TDP.
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Figure 5.13. After considering bus ridership, speeds,

and city typology, the best potential corridors for BRT
in Greater Boston are highlighted on the map. /TDP.

= LT

Figure 5.14. BRT bus flows and proposed BRT corri-
dors in Vientiane, Laos. Peak bus flows will be around
eighty buses per hour in a single direction, assuming
fifty-customer maximum capacity buses are utilized.

Figure 5.15. Boarding a-nd alighting volumes at bus
stops in Tianjin. /TDP.



« Transfer, walking, and waiting penalties.
Now we will delve into further detail about how best to estimate future ridership
based on the three categories: route shift, mode shift, and land use changes.

5.4.1 Route Shift

Sometimes a new BRT is built that provides a new or faster public transport link for
existing customers. This might be because the BRT offers faster services than parallel
bus routes, or because it offers new routes that cover a shorter distance than the pre-
vious routes. Such new routes may even eliminate a previously necessary transfer. It
is difficult to predict such route shifts without a model.

A public transport model gives us the ability to insert a new public transport
link, perhaps at higher speeds than the existing links, and see how many customers
make the switch. Unlike modal shift (see below), public transport customers have
already made the decision to use public transport, and are therefore most likely to
choose the corridor/service that provides the fastest trip, even if it is new.

Modeling route shifts requires a complete set of transit data about existing con-
ditions, including existing ridership and speeds on all public transport routes. Ideally,
there will also be an existing origin-destination matrix indicating the boarding and
alighting stations of all public transport. If not, one should be created and include
transfer data as well.

In order to ensure a fair comparison between corridors modeled from route shift
and corridors selected from the demand analysis, the model should be run as if the
BRT were opening today, without accounting for any future system growth. Once
the model has been run, the maximum pphpd on the modeled corridor should be
extracted from the results. Demand is usually highly elastic, so an increase in the
price of the service may significantly reduce demand. This needs to be factored in
when modeling demand from route shift, unless all these are consistent between the
two services.

Because a BRT corridor is estimated to gain a significant percentage increase in
ridership over existing conditions, one must decrease the maximum pphpd identified
by the corresponding percentage, so that the corridor may be comparable to the other
corridors selected in the existing conditions analysis.

5.4.2 Mode Shift

When a new high-quality public transport corridor is built, such as BRT, some peo-
ple who currently drive may switch over to public transport. This might be because
the BRT is faster or more convenient than driving, or because parking is difficult or
expensive and the BRT represents a less costly option. Many cities, particularly in
developed-world contexts, invest in transit precisely to lower auto use and funda-
mentally change travel patterns.

It is difficult to model modal shift. Often, it is based on a four-step model that
begins with a household survey and a mode choice analysis. This can be quite complex
and can hide many important assumptions. Indeed, many models that have predicted
a high mode shift have been significantly overestimated.

A BRT corridor cannot be selected based primarily on the assumption that it
will lure people out of their cars. This could take many years and could result in
empty buses until this goal is realized. Instead, it is safer and more realistic to plan
for corridors where existing demand and bus service already exist. This way, BRT
corridors are selected where there is certain to be ridership and some modal shift is a
good possibility.

International experience has shown a range of percentage increases above exist-
ing ridership due to modal shift. In Rio de Janeiro, 5 percent of the people surveyed
for the TransOeste Impact Study said they had shifted from car use to the BRT in



the system’s first nine months of operation. Likewise, in Mexico City, 17 percent of
Metrobus customers left their cars for BRT. According to Metrobus, that percentage
translates to 122,000 fewer car trips every day.

However, because it is best to apply the mode shift increase to corridors with
existing high demand, it is just as well to leave the corridors prioritized as is and,
once built, make efforts to attract people to use the new system rather than cars.

5.4.3 Land Use Changes

There are two reasons why a BRT might be built where land use is changing. First,
rapid urban revitalization in a certain area might not be reflected in the existing tran-
sit services and, if dense enough, is likely to need a high-capacity public transport link
in order to discourage auto use from the start. Second, a growing number of cities,
particularly in the United States, are looking to BRT as a tool to stimulate urban revi-
talization and transit-oriented land development. In either of these cases, it might be
worth considering BRT in order to serve the newly developed land. First, we describe
how to determine if these conditions are met, and second, we describe how to create
a BRT corridor in order to serve these changes.

To determine where land is developing and no transit has yet been designed
to serve the new development, one should look at net changes in housing and com-
mercial units over the past ten years (Figure 5.18). This information can sometimes
be collected from the census or from other sources. Another good source of data
is to look at building permits issued but not constructed as a guide to where new
development is likely to take place (Figure 5.19). Sometimes these can be collected
from the planning department or the buildings department of the municipality. This
data about recent existing trends in real estate development is likely to be continued
to some extent over the next decade. This grounds future projections on land use
changes in reasonably transparent empirical data.

In addition to using BRT to serve development that is already occurring, BRT is
more and more commonly being used to help stimulate development in designated
areas. Arecent study conducted by ITDP analyzing transit corridors throughout North
America found that if BRT is built in the right corridor and the government institutes
policies that encourage development around that corridor, there is a strong chance
that the land along the corridor will attract development. However, using BRT to drive
development is not enough. BRT planning, when premised on development, must be
directly linked to government development initiatives.

Often, local planning and urban development authorities have a fairly good
sense of where they want to develop, what new development is likely, and where they
have been approached by developers asking for zoning variances or other support
from the municipality. Sometimes planning authorities have regulatory structures
that guide new development in specific areas through spatial development plans, and
they may have a good sense of the likely time frame for these developments. So if one
of the purposes of BRT corridor selection is to simulate development, information re-
garding the government’s development plans should be collected and the locations
should be mapped.

There are integrated transportation and land use models available, some of
them open source like Tranus, which provide more sophisticated modeling tools for
predicting future land use changes and hence are able to provide more robust future
demand projections than traditional four-step travel demand models. These mod-
els generally rely on census-tract-level changes in population and employment as a
baseline, and then supplement their future demand projections with additional data
sources. In our experience these models are quite difficult to use and require a sig-
nificant amount of data that is difficult to collect. It is preferable that all of the basic
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Figure 5.16. Mode-shift data from the Guangzhou BRT
system. There was an increase in mode shift from cars
to BRT between 2010 and 2013. /TDP.

Change in Residential Units in New York City, 2000-2010

Figure 5.17. This map illustrates which neighbor-
hoods in New York City have experienced the greatest
change in the construction of housing units. /TDP.
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Figure 5.18. This map illustrates which neighbor-
hoods in New York City have the greatest number of
building permits issued but not completed. New York
City Department of Buildings.

Figure 5.19. Areas in Greater Boston where the gov-
ernment is focusing its development efforts or has at
least created area plans. /TDP.



information described above be presented to stakeholder groups in the form of a map
to serve as a guide for the BRT corridor selection.

Once all of the information has been mapped and presented, planners must de-
termine how areas of new development can be linked to BRT corridor selection. An
underdeveloped area on its own, even if in the process of being developed, is unlikely
to be able to support a BRT, particularly if the BRT serves only that area and does not
connect with other sectors of the city. It is much better to link areas of new develop-
ment to transit corridors with already high demand, as this is more likely to provide
a useful connection to the people moving into or working in the new development
areas. Additionally, in the years during which the development is occurring, the BRT
corridor will still be relatively successful due to its serving areas of already high de-
mand.

Ideally, a BRT corridor proposed to serve a new development will be close to
existing high demand corridors, because the link between existing high demand and
newly developing areas will be short so if buses are empty for a while, it will only be
for a short link. Second, studies have found that the closer a new development area
is to existing activity, the more likely it will be to develop.

5.4.4 Integrating the Downtown

Sometimes preexisting bus routes stop just short of a city’s downtown. This is rarely
due to low demand in the downtown. Instead, it is often simply government policy to
keep buses out of the downtown core. In fact, most cities’ downtowns are still where
the majority of trips end in the morning and begin in the afternoon. It is almost always
the case that providing a city’s downtown with Gold Standard BRT will increase the
demand on the BRT as a whole. It is possible to prove this with a demand model;
however, it is generally not necessary to model such a situation since in nearly all
cases, it turns out to be true.

If a city’s downtown is so blighted that demand is unlikely to materialize in the
near term, it is still generally worth serving the downtown with any BRT corridors that
are planned to come near it, as it is almost always the case that downtowns revitalize
more quickly than any other parts of a city. Additionally, a BRT that passes through
the downtown can have positive development impacts along the rest of the corridor as
well, since downtown access makes the entire corridor more attractive to developers.
Cleveland, Ohio, USA’s Silver Standard HealthLine is a great example of a BRT that
was built directly into the downtown and, as a result, leveraged over US$5.8 billion in
development throughout the corridor.
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Figure 5.20. A public transport system that runs on
dedicated lanes in a city’s downtown is more likely to
leverage TOD. More Development for Your Transit Dol-
lar: An Analysis of 21 North American Transit Corridors.
2013.



5.5 Framework for Comparing Corridors

“The only relevant test of the validity of a hypothesis is comparison of pre-
diction with experience.”

— Milton Friedman, economist, 1912-2006

Making a good decision in a timely manner is not always facilitated by elaborate
analysis. Often detailed economic, financial, social, and environmental impact anal-
yses are too cumbersome and expensive to do. Picking the right corridor is as much a
matter of common sense as extensive research. However, the data and mapping sug-
gested above are reasonable analyses to perform at the corridor-selection stage, and
should be sufficient to result in a set of corridors that make sense from a technical
perspective.

Once a set of corridors has been selected on technical grounds, it is important
that these create a BRT network. Otherwise, the corridor-selection process may still
be open to political interference, and a corridor could be selected with no real tech-
nical basis. However, it may not be possible to build out every one of the selected
corridors, nor must the corridors be implemented in the same order in which they
were prioritized. Some additional work may be needed in order to account for factors
that are more political in nature, as well as to build a more detailed cost-benefit anal-
ysis weighing one corridor against another. In this way, the selected corridors may be
narrowed down to a smaller set and/or reprioritized into a network and phasing plan.

5.5.1 Corridor Right-of-Way and Lane Uses

There is rarely anything innate about the characteristics of a corridor that would make
it impossible to build BRT. Successful BRTs have been built on corridors as wide as
Nueve de Julio Avenue in Buenos Aires—which is allegedly the widest street in the
world—and as narrow as the historic downtown of Quito, which, at times, is only three
meters across. Almost any road that can accommodate a bus can accommodate BRT
in some form. Nevertheless, one-way streets, narrow rights-of-way, and suburban
land use patterns all present special challenges for BRT system design.

A visual corridor review should look primarily at the existing configuration of
the road, the basic traffic mix, the available right-of-way, and the land uses along it.
One can get a general sense of the corridor now with tools such as Google Earth and
Google Street View, but there is no substitute for walking the corridor. If survey data
is not available, a laser distance measurer or measuring wheel can be used to record
the road right-of-way width throughout each potential corridor.

There are a variety of ways of presenting this information to stakeholders. Soft-
ware programs such as Streetmix allow users to display road cross sections and repli-
cate lane widths and rights-of-way on actual streets. Figure 5.20 shows a specific
cross section using this software at a specific location along a proposed BRT corridor
in Boston.

The roadway width can also be graphically shown along the length of the corri-
dor using a plot of width against corridor location.

In addition to noting physical dimensions along a roadway, an initial survey
should also note other features, such as the configuration and condition of medi-
ans and the presence of trees, utility poles, public art, or other features that may be
expensive or politically difficult to relocate. Are the pedestrian paths adequate for
providing access to a public transport system, or do they likely require widening? Are
there difficult intersections along the corridor, such as roundabouts with fountains
or artwork, or cloverleaf highway-grade interchanges, or narrow flyovers and bridges?
Are there locations with low-cost land uses, such as surface parking lots, that could be
procured for station stops where the road may need to be widened? A BRT engineer
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Figure 5.21. Right-of-way and lane widths created us-
ing Streetmix for a specific location along a proposed
BRT corridor in Boston. /TDP,



will tend to look for things on a visual survey of the corridor to get a general sense of
how expensive it is likely to be to build a good-quality BRT along it.

While there is no clear metric for prioritizing corridors based on right-of-way,
lane uses, or other features, this information should be included in the BRT corridor-
prioritization analysis and presented to the public in a transparent way. Generally, if
the public and/or the government supports a proposed corridor despite narrow right-
of-way or other related issues, it should be kept on the list.

5.5.2 Corridor Typology and Suitability for BRT

We define here five corridor types on which BRT projects are often considered. Gen-
erally, BRT only makes sense on the first three (Types I, II, and III) and is not rec-
ommended for the last two (Types IV and V). While some BRT elements could make
sense for the latter types, this guide focuses only on true BRT systems, and so BRT is
recommended only on Types I, II, and III.

e Type I: Urban Corridor. Urban corridors are typically arterials and sec-
ondary streets in dense urban environments with curbside activity, rela-
tively short block lengths, and preexisting bus routes. Euclid Avenue out-
side of downtown Cleveland is an example of an urban arterial with a Sil-
ver Standard BRT. Other urban arterials include the Gold Standard BRT in
Yichang, China completed in 2015; Geary Street in San Francisco, where a
Silver Standard BRT is being planned; and many others. Most cities have
at least a few urban arterial streets, and those streets are, by definition,
well integrated into the urban context;

« Type II: Downtown Corridor. Downtown corridors are typically streets
that go right through a city’s downtown. Downtowns are still the center
of activity in most cities. As cities look to re-urbanize and revitalize their
downtown cores, public transport directly through the downtown is criti-
cal. Often, downtown streets are narrow and congested, with very high
levels of curbside activity. Sometimes there are preexisting bus routes
through downtown streets, and other times, bus routes stop on the edge
of a city’s downtown due to businesses and other powerful interests that
fight to keep them out. Yet if there is any place where BRT could be suc-
cessful, it is directly through a city’s downtown. Mexico City, Mexico; Bo-
gotd, Colombia; Johannesburg, South Africa; Dar es Salaam, Tanzania;
and many other cities have built Silver and Gold Standard BRTSs on very
narrow downtown streets, providing a large boost to BRT ridership and
revitalizing many dying central cities.

Because Type I corridors are the simplest to verify in terms of ridership, and
Type II corridors, while sometimes less simple to verify, are often likely to have the
highest ridership of any corridor in a city, Type I and II corridors should be prioritized
in the corridor selection process;

e Type III: Former Freight Rail Right-of-Way Corridor. There are many
corridors that were once dedicated for freight rail but which at some point
were abandoned. These corridors often make attractive corridors for BRT,
since they do not require reallocating road space. Both Pittsburgh, Penn-
sylvania, USA, and Los Angeles have built Bronze Standard BRTs on for-
mer freight rail right-of-way corridors. Yet former freight rail corridors do
not often have preexisting bus services already operating on them, nor are
they generally well integrated into the urban environment.

Type III corridors have potential, in some cases, to be successful BRT corridors.
However, because ridership is less assured than with Types I and II and because they
do not generally integrate as well into the urban environment, Type I and II corridors
should be prioritized over Type II corridors.

Figure 5.22. BRT station rendering in a narrow right-
of-way in Rue Setthathilath where a transit mall (BRT
bus, bicycles, and pedestrians only) is proposed in
Vientiane, Laos. /TDP.



o Type IV: Suburban Arterial Corridor. Many streets just outside of urban
areas classify as suburban arterials. Suburban arterials are often higher
speed, carry higher capacities than urban arterials, and have less curb-
side activity (parking, deliveries, etc.). This is because suburban arterials
tend to be lined by surface parking lots and most deliveries and passenger
drop-offs occur from these off-road parking lots. There are also generally
lower pedestrian-crossing volumes at intersections to impede right turn-
ing movements. As a result, there is little curbside activity, so dedicating
the busway to the center of the road is not particularly needed. Hence,
other than traffic congestion, the type of bus delay that BRT is designed
to reduce does not typically exist on suburban arterials. Additionally, the
distributed nature of trip patterns in suburban contexts means that bus
boarding and alighting volumes at stops along suburban arterials are typ-
ically low, so off-board fare collection has less utility. Therefore, while
some bus treatments could make sense on a suburban arterial (e.g., sig-
nal priority, curbside bus lanes, etc.), BRT rarely does. BRT on suburban
arterial corridors is generally not recommended.

However, there is one condition in which BRT might be considered on a sub-
urban arterial: If there is a concerted effort by the government to urbanize a subur-
ban arterial, and thus transform it into a Type I “Urban Arterial Corridor,” BRT could
make sense, provided the application meets the minimum pphpd requirements. In
order for a city to demonstrate that a project is on an urbanizing suburban arterial,
there must already be zoning changes in place that allow for a more urban form and
the corridor must pass through at least one or two pockets of somewhat more ur-
ban character. Rockville Pike in Montgomery County, Maryland, USA, falls into this
category. The proposed BRT project makes sense in light of the fact that the county
has rezoned along Rockville Pike and has special zoning rules around high-capacity
public transport stations. Further, and of particular importance, is the fact that the
corridor connects to downtown Bethesda and downtown Rockville, both areas of a
somewhat urban character. An urbanizing suburban corridor should at least connect
to the more urban subcenters.

e Type V: Highway Corridor. Highways are often congested and in some
cases, carry large volumes of bus customers. However, as on suburban
arterials, the delay that BRT is designed to reduce does not typically exist
on highways. And, unlike with suburban arterials, there is no possibility
that a highway corridor will urbanize. A highway with transit needs is best
served by express buses, operating in an HOV lane, which exit the highway
to make stops. This is not BRT. Thus, if a Type V corridor has made it onto
the list of possible corridors, it should be removed.

5.6 Corridor Length

“Time is the longest distance between two places.”

— Tennessee Williams, dramatist, 1911-1983

The basis for the cost-benefit analysis of corridor length is typically the time
savings generated by the exclusive busway. Once the exclusive busway no longer
provides a net time savings benefit in comparison to the construction costs, then the
point has been reached when the exclusive busway is no longer cost justifiable. As
the number of customers falls with the distance from the city center, the total time
savings benefit is reduced. Further, since congestion levels will also likely fall with
distance from the city center, the travel-time advantage of an exclusive busway will
likewise fall. Table 5.3 provides an example of a cost and benefit analysis plotted
against a corridor’s length.

Figure 5.23. The availability of land for terminal and
depot space can be a consideration of the end point
for a specific corridor. TransMilenio SA.




Of course, this time savings benefit will tend to increase as congestion worsens
over time. Since a BRT system is likely to last a long time, it is standard practice to
roughly estimate the likely congestion along the corridor in the next ten to twenty
years rather than simply assuming that current congestion conditions will prevail
long into the future.

Table 5.2. Cost-benefit analysis of corridor length

Corridor segk th of D d along seg- Time savings (min- Cost Benefit Benefit / cost ratio (B / C)
ment (km) ment (x 1000) utes)
Total / km Total / km / km

A 3 13 6 2.00 5 1.67 26.00 15.60
B 2 12 4 2.00 4 2.00 24.00 12.00
C 15 13 5 3.33 3 2.00 43.33 2167
D 3 11 4 1.33 4 1.33 14.67 11.00
E 1.8 9 12 0.67 2 111 6.00 5.40
F 31 7.5 25 0.81 4 1.29 6.05 4.69
G 2.3 6 0.5 0.22 3 1.30 1.30 1.00
H 15 4.5 0.6 0.40 2 1.33 1.80 1.35

31 3 1 0.32 5 161 0.97 0.60
J 1.9 2.2 0.2 0.11 3 1.58 0.23 0.15

In the example given in Table 5.1, the corridor would end after segment “H” if
the decision was based only on benefit to cost considerations. After segment “H,” the
benefit to cost ratio falls below a value of one, meaning that the costs of extending
the exclusive busway corridor outweigh the time savings benefits.

5.6.1 Where to Build Infrastructure Versus Where to Run BRT
Services

Modern thinking in BRT planning has evolved to separate BRT infrastructure from
BRT services in such a way that BRT services may operate both on- and off-corridor
in a way that optimizes customer benefits versus infrastructure cost. Therefore, in the
sections above, “BRT corridor” refers directly to the infrastructure built on a segment
of road, rather than to the services that are needed.

Once a corridor has been selected, it is important to make an informed judgment
regarding where to design BRT infrastructure and for how long of a stretch. This is
best done by graphing the demand distribution and speeds during the peak hour, and
selecting the location with both the highest demand and lowest speeds. Per the def-
inition of BRT, the selected corridor must be at least 3 kilometers.

Building BRT infrastructure on the segment of roadway along the corridor with
the highest demand means that infrastructure investment will yield the greatest ben-
efits. Oftentimes, however, the sections of a corridor with the highest demand are
precisely the sections where politicians are less willing to propose BRT infrastruc-
ture, as those sections often face more constraints. As a result, BRT infrastructure
often stops just before the segment where it is needed most. The BRT Standard (2014)
awards maximum points to corridors that include the highest quality of BRT infras-
tructure on the highest demand segment. This often means extending the BRT di-
rectly into the city center. For other corridors that do not come near the city center,
this may simply mean the area with higher demand than the rest of the city.



Once the location for BRT infrastructure has been selected, one must consider
what to do beyond the infrastructure. Many cities propose lower-quality bus treat-
ments beyond the infrastructure. Generally, however, it is preferable to allow BRT
services to simply enter mixed traffic beyond the infrastructure. This sends a clear
signal to the public that there is a difference between BRT and everything else, and
leaves open the possibility of building out the rest of the corridor as full BRT at a later
date. If lower-quality bus treatments are implemented beyond the BRT infrastruc-
ture, it is less likely that they will ever be upgraded to full BRT.

Finally, it is possible to design BRT services to extend beyond the BRT infras-
tructure into many parts of the city. This expands the catchment area of the BRT to
many more beneficiaries than simply a service that directly matches the infrastruc-
ture. It also provides an opportunity to bring new BRT services to sections of the city
where no bus services previously existed but where stakeholders wished to see a BRT
corridor. That is, in some cases, during the corridor selection process, some selec-
tion of stakeholders may advocate for a corridor with no preexisting bus demand. It
is unlikely that such a corridor will make it to the list of top corridors for BRT imple-
mentation. However, if the requested corridor is located near the corridor ultimately
selected, it may be reasonable to run a service into that area to begin to grow demand
for future BRT infrastructure in that location, as well as to demonstrate to stakehold-
ers that such an area will be a beneficiary of BRT.

The next chapter covers how to develop and optimize a BRT service plan. But
it is worth noting here that a BRT corridor with multiple services receives maximum
points on The BRT Standard (2014).

5.7 Other Considerations in Corridor Selection

“Success is a journey, not a destination.”

— Ben Sweetland, author

The above framework and analysis should be sufficient to determine both the
corridors that should be developed for the whole BRT system and the corridor that
will be chosen for the pilot phase. While this is often all that is needed to make a
decision about the right corridor, below are other considerations that can be used to
choose the corridor, including:

o Customer time savings;

« Impact on mixed-traffic lanes;

« Implementation costs;

e Detailed cost-benefit analysis;

« Political considerations, including social goals.

5.7.1 Customer Time Savings Benefits

As discussed above, main public transport service improvements result from reducing
congestion and boarding and alighting delays, in addition to upgrading the overall
transit experience. The worse the congestion and the larger the number of existing
bus customers along the corridor, the more positive the impact of a BRT system. The
economic impacts from these effects are typically calculated through time savings
analysis. The analysis mentioned above should be sufficient to know where the most
savings from delays will occur, but quantifying the economic impact may confirm the
decision.

To calculate the time savings benefits to public transport customers, estima-
tions on passenger numbers and vehicle speeds both before and after the new system
are required. The average vehicle speeds will directly relate to the amount of travel
time for a particular journey. Equation 5.1 provides a framework for calculating the
customer time savings.

Eq. 5.1 Customer time savings



Where:

P = Number of passengers;

Tp = Present travel time;

Tf = Future travel time.

Because benefits will vary quite a lot not only between corridors but within cor-
ridors, it is necessary to add up the benefits for each link in the corridor. These ben-
efits will also likely vary according to the time of day and the day of the week. A
calculation of this type is most readily accomplished with the assistance of a traffic
model. However, a simple spreadsheet analysis with inputted survey data can also
suffice. The more complete time savings formula is given in Equation 5.2.

Eq. 5.2 Detailed time savings calculation

Where:

i=Link;

h = Period (morning peak, off peak, night, etc.);

Pih = Passenger flow on the link (passengers/hour);

Hh = duration of period h in hours

Tpih = present travel time on link I period h

Tfih = future travel time on link I period h

Pih*AHh produces the total number of passengers on a particular link during
a particular period. This value, multiplied by the estimated time savings yields per
link, produces the total number of hours saved by public transport customers. This
value can then be multiplied by a monetary value of time, or it can be left in the form
of hours saved.

The existing public transport vehicle speeds and customer counts should have
been collected during the demand analysis work noted in Chapter 4: Demand Analy-
sis. Likewise, the boarding and alighting surveys during this phase should have pro-
duced values for both peak and nonpeak periods.

Future average vehicle speeds and customer demand will depend on the sys-
tem’s design. Future customer volumes should be based on a combination of existing
passenger volumes in conjunction with the size of any expected mode shifting.

5.7.2 Time Savings Benefits for General Traffic

Corridor selection may also depend on the impact BRT infrastructure will have on
mixed traffic flow. Ideally, BRT will improve mixed traffic speeds by taking the buses
out of the traffic lanes and reducing delay from buses pulling over and stopping for
customers. However, this might not always be the case. There are select instances
where BRT could make mixed traffic flow much worse, which may become a political
problem. The three most important indicators of the likely impacts of BRT on mixed
traffic are: the current traffic mix; the available right-of-way relative to the existing
road; and the possible behavioral and travel changes of motorists once the new public
transport system is in place.

Current Traffic Mix

Normally, for a BRT system to be considered an option, there is likely to be sig-
nificant congestion on at least part of the corridor. As a general rule, the greater the
current contribution of public transport vehicles to the current congestion problem,
the greater will be the chance that a new BRT system will actually decongest the mixed
traffic-lanes (Figures 5.25 and 5.26).

In countries with higher bus volumes, public transport vehicles frequently have
a disproportionately higher impact on congestion relative to private vehicles. This
impact occurs because the vehicles often stop and go at undesignated bus stops,
and because the vehicles sometimes stop two and even three abreast to pick up cus-
tomers. Bringing these public transport operators into a new BRT system, therefore,
frequently offers the opportunity to decongest mixed traffic-lanes even if a full lane or

Figure 5.24. An exclusive busway on a road in Dallas,
Texas, USA, will likely make congestion for mixed
traffic worse. Richard Stouffer (iStockphoto)

Figure 5.25. An exclusive busway on the road in
Bangladesh would likely make mixed traffic less con-
gested because of the high number of buses in mixed
traffic. Karl Fjellstrom.



two become exclusive to buses. In such cases, the new BRT system can easily produce
a somewhat counterintuitive result; taking away road space and giving a priority lane
to public transport can actually give motorists more space and produce less overall
congestion.

The specific congestion impact of the BRT system will depend on which public
transport vehicles are incorporated into the new BRT system and which are excluded.
The more public transport trips that can be incorporated into the BRT system, the less
adverse impact the remaining public transport trips will have on the mixed-traffic
lanes.

Methodology for Estimating Impacts on Mixed Traffic

As a rough estimate, one can calculate the likely impact of a planned exclusive
busway on mixed traffic in the following manner: The existing traffic flow at the most
congested point of the road (based on traffic counts) should be converted to passenger
car units (PCUs) for each available road lane. If the road lanes are not delineated, then
this PCU conversion should be done for every three meters of road width.

Normally, lanes with a width of 3 to 3.5 meters can handle approximately 2,000
PCUs per hour. The more the PCUs over 2,000 per lane, the more congested the road
will become.

This level of existing congestion should then be compared to the scenario with
the BRT system in place. Some of the current public transport vehicles will be relo-
cated onto the new BRT system, and others will remain in the mixed-traffic lanes. All
the vehicles that will not be incorporated into the BRT system, including the buses
not incorporated into the system then need to be converted into PCUs, and allocated
to the remaining number of lanes (or three-meter road widths). Table 5.2 provides an
example of this type of analysis.

Table 5.3. PCU calculation for BRT scenario

Vehicle type Traffic volume Average passengers per vehicle  Total passengers PCU equivalent  PCU total
Cars 1,200 2.5 3,000 1 1,200
Taxis 500 12 600 1 500
Motorcycles 170 48 8,160 2 340
Remaining buses 300 15 450 0.25 75

Total 2,170 - 12,210 2,115

If the PCUs of the BRT scenario are higher than the PCUs of the pre-BRT sce-
nario, then the new BRT system will tend to increase congestion of the mixed-traffic
lanes. If it is lower, it will lead to lower congestion levels. Because the PCUs of buses
are generally double that of private cars and taxis, and eight times as high as motor-
cycles, the more buses in the existing traffic stream that are relocated to the new BRT
system, the greater the degree to which the remaining mixed-traffic lanes are decon-
gested. A more detailed and accurate calculation of traffic congestion impacts can be
obtained through a traffic software model.

Once the level of traffic is estimated for both the baseline case and the BRT
case, then the amount of time savings for occupants of mixed-traffic lanes can be
calculated. Box 5.1 provides an overview of the time savings calculation.

In practical terms, the changes to intersections along a BRT corridor far exceed
the importance of lane allocations to general traffic between intersections, and can
result in dramatic improvements for both BRT buses and mixed traffic despite any lane
reductions due to BRT lane segregation and the extra space required at BRT stations.



Box 5.1. Calculating Time Savings for Vehicle Occupants in General Traffic
On some critical sections (i), present general traffic volume on peak periods (j) will ex-
ceed the road’s capacity, by a certain amount: ASij. The total general traffic prejudice

@
1

on that point “i” is then estimated by Equation 5.3.
Equation 5.3 Time savings for general traffic
Where: i = Point of evaluation where one of the following effects takes place:
« 1. The point is the bottleneck of the corridor
2. The point is not the bottleneck, but future capacity (after BRT) will fall
below present peak volume

j = A specific peak hour. There are normally two peak periods, a morning peak
and an evening peak. A velocity survey for cars will more accurately identify the peak
periods.

TGCj = Total time savings for general traffic

ASj = the amount of change on capacity to the new scheme. This value will be
negative value if there is a reduction in capacity; this value will be positive if there is
an increase in capacity.

Tcongji = duration of the congestion period being considered. The peak period
can be better estimated by traffic velocity surveys that show when travel times in-
crease more drastically. Usual values are around 0.5 to 3 hours.

Ki = reflects a group of factors derived form network analysis and demand elas-
ticity.

It should be noted that reductions of capacity on two successive nearby points
are not independent, and the more congested point should usually be considered the
important one.

5.7.3 Implementation Costs

In general, the more complicated the physical aspects of a corridor, the more costly
the planning and construction will be. Any of the following infrastructure compo-
nents along a proposed corridor can cause costs to escalate:

« Road widening;

o Use of median;

» Relocation of utilities;

e Underpass or tunnel;

« Flyover, overpass, or elevated segment;

« Bridges;

Large roundabouts.

Road widening can be particularly costly, especially when any property acqui-
sition is considered. These considerations may affect the decision of which corridor
to implement when.

As Quito has demonstrated, in some cases, underpasses and complicated round-
abouts can be handled without extravagant costs. By contrast, simply converting a
mixed-traffic lane to a BRT runway without any of these complications can reduce
both planning and infrastructure costs.

Several Chinese cities are contemplating placing BRT runways along ring roads.
Much of the reasoning is related to the existing right-of-way space and the relative
ease of construction. However, customer access to a ring road station (both in terms
of horizontal and vertical distances travelled) can be difficult. Building these “easy”
infrastructure projects may eventually undermine the BRT concept. A BRT system
with few customers may seem to operate quite smoothly, but it will not be cost effec-
tive and is unlikely to move public opinion to support future expansion.



5.7.4 Calculating the Cost-Benefit Ratio

A cost-benefit analysis incorporating the benefits from time savings, fuel savings,
and environmental improvements can do much to help shape the eventual decision.
Quantifying these benefits will also improve the project’s attractiveness to many fi-
nancial institutions.

A cost-benefit analysis calculates the ratio of a project’s benefits to its costs.
The larger this ratio, the more attractive a project is likely to be to decision makers
and financing organizations. Equation 5.4 provides the framework for calculating the
cost-benefit ratio.

Equation 5.4 Cost-benefit ratio

Where:

BC = Total benefit-cost ratio

Btp = Time savings for public transport customers

Btm = Time savings for occupants of mixed-traffic vehicles

Bfp = Fuel savings to public transport vehicles

Bfm = Fuel savings to mixed-traffic vehicles

Be = Environmental benefits

Ci= Implementation cost.

Box 5.2 provides an example of a multi-criteria analysis using two of the factors
presented in this section.

Box 5.2. Calculating the Benefit to Cost Ratio

As a simplified example of this calculation, the table below presents a hypothetical
example of time savings benefits for BRT vehicles and mixed-traffic vehicles. The
“weighting” factor indicates how much consideration is given to each stakeholder
group (transit users and car users). In this first case, each group is given an equal
weighting.

Table 5.4. Time savings benefits, Scenario 1

Corridor Time savings benefits Cost Benefits to cost ratio
BRT Cars Total

Weighting 1 1

A 50 -6 44 10 4.4

B 2 0 2 5 0.4

In the above scenario, corridor A attracts a high volume of ridership. The ben-
efits awarded to transit users in this case will greatly exceed the costs to car users.
Corridor B is a low-ridership area but with little congestion, and therefore no time
impact on car users. In this case, the time benefit to public transport customers is
quite small. From these two options, the benefit to cost ratio for corridor A is eleven
times greater than the same ratio for corridor B. Thus, from a time savings perspec-
tive, corridor A would be the chosen corridor.

If political officials were concerned about reactions from car owners, then the
weighting for this group might be increased to five. But as the table below indicates,
even this amount of prioritization to car interests would not change the overall result.

Table 5.5. Time savings benefits, Scenario 2

Corridor Time savings benefits Cost Benefits to cost ratio
BRT Cars Total
Weighting 1 5

A 50 -6 20 10 2



B 2 0 2 5 0.4

However, if officials were particularly worried about car owner reactions, and
therefore gave a priority weighting of ten to private vehicles, then the result would
change.

Table 5.6. Time savings benefits, Scenario 3

Corridor Time savings benefits Cost Benefits to cost ratio
BRT Cars Total

Weighting 1 10

A 50 -6 -10 10 -1

B 2 0 2 5 0.4

In this scenario, corridor A would be a less desirable choice than corridor B.
However, with the low benefit ratio for public transport customers, corridor B would
risk doing little to promote the future prospects of BRT development in the city.

An expanded benefits table could be constructed to also factor in impacts from

fuel savings and environmental improvements.

5.7.5 Political Considerations

Capricious decision-making not grounded in analysis of actual travel demand can re-
sult in costly mistakes that do little to support a quality service for the customer (e.g.,
Lima’s Tren Eléctrico). At the same time, political considerations can be quite appro-
priate in augmenting technical data. In fact, democratically elected officials have a
responsibility to utilize their judgments in making determinations between differ-
ent sets of costs and benefits. Some of the key instances requiring political inputs
include:
o Preference to place initial corridors in a high-visibility location in order to
promote the BRT concept more widely;
« Preference to locate corridors initially in low-income communities in or-
der to promote greater social equity;
« Avoidance of corridors that may conflict with other infrastructure plans or
with other governmental entities;
« Avoidance of corridors requiring extensive reorganization of many exist-

ing formal and informal public transport operators.

A purely technical analysis of the corridor attributes can miss some of the more
subtle political considerations that may greatly affect the project’s viability.

Frequently, the most difficult problem is that the corridors with the highest ex-
isting public transport volumes have already been included in a master plan for a fu-
ture metro project. Decision makers are reluctant to plan a BRT on a future metro cor-
ridor for fear of eliminating the possibility of national government funds for a metro.
In such cases, it may be politically expedient to propose putting BRT in the corridor
as a temporary measure that can be upgraded at a later date. While this rationale was
utilized successfully with TransJakarta Corridor I, it is currently being dismantled, as
construction of the metro has commenced. This reinforces the notion that BRT is a
second-class option for rail and undermines the legitimacy of BRT as a high-quality
public transport system, and should be undertaken with care.

Political inputs can be particularly appropriate when cultural or social issues are
at stake. In Hyderabad, India, the presence of a Muslim graveyard on both sides of
the road creates a bottleneck on the main highway bisecting the city from the north-
west to the southeast. An engineering solution may call for expropriating parts of
the graveyard for road widening. But for a Hindu-dominated government to relocate



this graveyard would likely be both politically and socially unsound. Thus, reasoned
political judgment may be needed to curtail any discussion of road widening.

It may also be advisable in Phase I not to disrupt too many existing public trans-
port routes that are not going to be incorporated into the new system. Negotiations
with existing public transport operators are a delicate part of BRT planning, and it is
generally advisable not to take on the entire private-sector transit industry at once.
Corridors with a large number of existing separate bus operators will make the nego-
tiations for reforming the system a lot more complex than corridors where there are
only a small number of operators. This consideration was a determining factor with
the Silver Standard Insurgentes BRT Corridor in Mexico City, and is also a factor in
the planning of the Dar es Salaam system.

Social considerations may be a leading determinant in corridor decision-making.

Public transport systems perform many key social functions in a city and have often
played a central role in regeneration efforts. Political leaders and project developers
may thus seek to target areas that would most benefit from a public transport invest-
ment.

Focusing the initial phase in a low-income community can produce several eco-
nomic and social-equity benefits. The new public transport system will connect these
residents to jobs and public services in the city’s central areas. The system itself will
also likely produce both direct and indirect employment opportunities for the com-
munity. Recent studies from Bogota indicate that the significant reductions in travel
costs resulting from TransMilenio have greatly expanded the potential job market
for lower-income residents, increasing employment and wages among lower income
groups.

A new public transport system can also do much to attract investment to lower-
income areas. Additionally, the presence of the system can instill a sense of pride and
community in areas that previously felt abandoned and ignored. For these reasons,
Bogota purposefully located its initial BRT corridor in between the central area and
the lower-income south side of the city.

In both Guangzhou and Lanzhou, China, BRT systems appeared to lead to sig-
nificant increases in civic pride in lower-income areas served by the BRT corridor. In
Guangzhou those agreeing that, “I am proud of Guangzhou” increased among cus-
tomers in the BRT corridor from 40 percent before the BRT to 73 percent after the
BRT. Among car drivers, the figure was unchanged, and in the control survey in a
different corridor, civic pride among bus passengers declined over the same period.
The Lanzhou BRT, which opened in January 2013, also spurred large increases in civic
pride, with those agreeing “I am proud of Lanzhou” increasing among customers in
the BRT corridor from 40 percent before the BRT to 70 percent after the BRT. Pedes-
trians, cyclists, and motorists saw a similar increase of more than 30 percent, while
in the control corridor there was no significant change.

Access to BRT can also increase land values, which can be a double-edged sword.
Recent studies indicate that TransMilenio led to significant increases in property val-
ues in areas served by a TransMilenio feeder bus. For low-income families without
land tenure, the benefits of lower transportation costs may be lost to higher rents. It
is therefore a good idea to prioritize efforts to give low-income families land tenure in
planned BRT corridors so that the resulting property value increases can be captured
by the families instead of by land speculators.

At the same time, there are also social and environmental reasons for includ-
ing middle- and upper-income communities in a project’s early phases. While Bo-
gota did target the lower-income areas south of the city, Mayor Enrique Penalosa also
intentionally included a corridor extension into the more affluent north of the city.
The wealthier areas of a city are obviously the locations of higher vehicle ownership.
Thus, from the standpoint of shifting car users to public transport, there is greater
emissions and congestion reduction potential in targeting car-owning households.

Figure 5.26. Bogota’s TransMilenio system has suc-
cessfully attracted users from a wide spectrum of
society. Lloyd Wright.



Further, the mayor also saw significant social benefits from encouraging greater in-
teractions between economic classes. Penalosa has noted that: “A public transport
system may be the only place that the rich and the poor interact with one another.”
In terms of propagating understanding and awareness among social groups, a high-
quality public transport system can thus be a potential social unifier within a city.
Having the new system also serve higher-income groups also helps encourage polit-
ical buy-in to the system by influential families. Finally, in places like Cape Town,
South Africa, running the Bronze Standard MyCiTi BRT into middle-income neigh-
borhoods demonstrated that public transport is not just for the poor and garnered
more support from rich and poor alike in the rollout of future phases.

Social-equity issues may also be central to loan prerequisites from major inter-
national financing organizations. Most development institutions, such as the Asian
Development Bank, justify investments in terms of poverty alleviation. Thus, ensur-
ing that areasonable number of BRT customers are below median income is important
to link the system to broader goals of poverty alleviation.



6. Service Planning

“Always design a thing by considering it in its next larger context—a chair
in a room, a room in a house, a house in an environment, an environment
in a city plan.”

— Eliel Saarinen, architect, 1873-1950

Once the corridor is selected as proposed in the previous chapter, BRT system
design starts by characterizing the specific services that should operate inside any
planned new BRT infrastructure. The final specification will be the operational sched-
ule, including vehicle requirements.

A basic service plan should be developed before any infrastructure design is
done, and certainly before it is finalized. The BRT services should serve as many trips
as possible (from their origin at the household to their destination) at the highest
speed with a minimum of transfers. The infrastructure should then be tailored to
that service plan in a way that minimizes delay for as many customers as possible.

A common mistake in BRT planning is to design BRT infrastructure without hav-
ing made even basic decisions about what sort of BRT services should use the infras-
tructure. While political or financial constraints may make it impossible to build the
optimal physical design, infrastructure design should accommodate an optimal ser-
vice plan to the greatest extent possible. Once key physical design decisions have
been made, however, it is generally necessary to further modify the service plan given
the limitations of the final physical design, in an iterative process.

The “service planning” part of this process is normally about deciding—under
assumptions about infrastructure and on a route-by-route basis—which of the exist-
ing public transport services on or near the corridor will be included in the new BRT
services as they exist, which to modify, which routes to add, which to leave out, and
which if any to cancel.

This chapter provides guidance for making these basic BRT service decisions;
the introductory section presents an approach to the iterative process and the rea-
soning behind it; the second section details how to describe the status quo of the ex-
isting public transport system properly, which becomes the basis of clearly defining
customers’ service needs. The later sections, after introducing basic service planning
concepts, provide specific tools for each decision step required to transform existing
public transport services into a planned BRT corridor with BRT services.

The topics discussed in this chapter are:

Introduction;

Basic Data Collection;

 Basic Service Planning Concepts;

e Optimizing Vehicle Size and Fleet Size;

e Determining Which Routes to Include Inside BRT Infrastructure;

« Direct Services, Trunk-and-Feeder Services, or Hybrids;

» Deciding on Stop Elimination and Express Services;

« Creating New Routes and Combining Old Routes;

o Pulling Services onto a BRT Trunk Corridor from a Parallel Corridor.



6.1 Introduction

“Sometimes we stare so long at a door that is closing that we see too late
the one that is open.”

— Alexander Graham Bell, inventor, 1847-1922

As BRT systems are generally built on busy corridors where there are already
many bus or minibus services operating, BRT service planning should start with a de-
tailed understanding of the existing public transport services on the corridor. Some-
times these existing services are already well designed to meet the travel needs of
most customers and there may be only minor changes needed to existing bus ser-
vices to take advantage of the higher speeds along the BRT corridor. At other times
the public transport services are poorly matched with the travel needs of customers,
and a BRT project creates an opportunity to improve on any preexisting service plan.
Modifying these services as part of the BRT project can result in significant benefits
to customers.

In order to determine whether existing services are already well designed to
serve customer needs, or whether significant improvements could be made, BRT ser-
vice planning should start with a careful evaluation and understanding of all the bus
and minibus services currently using the corridor. The Basic Data Collection section
of this chapter outlines how information should be processed and displayed in order
to make this clear to both the system planners and the general public.

In most cases, there are significant efficiencies to be gained by optimizing ser-
vices as part of a BRT project. The following would be indications that the existing
services are poorly designed:

e Large numbers of buses running partially empty for all or part of their
route;

« Significant overcrowding on buses on all or part of a route;

« Significant overcrowding at some stations;

e Large numbers of customers transferring at locations that are not their

final destination;

« Large numbers of people walking or taking shared taxis from an area cur-
rently underserved by public transport;
e Large numbers of buses stopping where few customers get on or off.

The construction of specialized BRT infrastructure along a corridor will intro-
duce three changes to existing public transport operations that will affect the opti-
mization of services:

 Speeds within the BRT infrastructure along the trunk corridor should in-
crease significantly in comparison to speeds outside the BRT infrastruc-

ture and on parallel corridors;

¢ The new BRT trunk corridor may require vehicles to operate most effi-
ciently at the greatest speed;
« Vehicles will need to be able to enter and exit specialized BRT infrastruc-

ture, which is often in the central median of the roadway.

Chapter 4 (Demand Analysis) describes the process used to estimate the base-
line public transport demand on the system, and how to model the demand of a pro-
posed service plan under a given infrastructure. So we have at our disposal tools to
evaluate future situations. However, that chapter gives no guidance as to how to de-
cide which service scenarios to model. This chapter provides more guidance on how
to decide what sort of services should be proposed and modeled.

If a public transport system demand model has already been created (as pro-
posed in Chapter 4: Demand Analysis), it can be extremely useful in performing the
necessary route-by-route analysis and testing the benefits of various service plan-
ning alternatives. Running alternative service plan scenarios in the demand model
is cumbersome, and creating too many scenarios is very confusing for the public and



decision makers alike, so this chapter attempts to help craft better service plan sce-
narios that can later be tested in the model.

The construction of alternative service plan scenarios is generally done incre-
mentally by first making broad assumptions about the best solution. For this chapter,
it will be assumed that the selected corridor has enough demand travelling at slow
enough existing speeds that BRT infrastructure is justified. As such, it is reasonable
to assume that when planning the services, the bus speeds on the BRT corridor would
be BRT speeds, either 20 kph for a standard corridor with stations about 450 meters
apart, or the speed of an existing service on the same itinerary late at night or “off-off
peak.” Further detailing of the infrastructure can thus be left aside while we consider
alternative service planning scenarios. Once basic service planning decisions have
been made, Chapter 7: Capacity and Speed provides the tools to refine infrastructure
decisions in light of these service planning decisions.

6.2 Basic Data Collection

“It is a capital mistake to theorise before one has data. Insensibly one be-
gins to twist facts to suit theories, instead of theories to suit facts.”

— Sir Arthur Conan Doyle, writer and physician, 1859-1930

In order to propose an optimal service plan, its costs and benefits must be known,
and understanding customers’ needs is essential for achieving that. The current state
of the public transport system may not exactly show all user demands, but it will cer-
tainly point in that direction more reliably than alternatives; it is composed of very
objective and comprehensive information, which is cheap to collect in comparison
with alternatives and overall project costs.

While existing public transport operations are sometimes poorly aligned with
public transport customer needs for a variety of reasons, in most cities economic
forces tend to push public transport services close to consumer needs. In addition,
customers are used to the services as they currently exist—and resist change. Service
plans should be developed conservatively, moving away from existing services only
when compelling data indicates that a change would improve services.

Ideally, the data collected should be enough to understand all existing services,
the demand throughout the day, and the full trip origin and destination for every
public transport customer in the corridor influence area, or at least the time and lo-
cation of where customers entered the existing public transport system and where
they exited.

Normally, this does not require having all the data about every trip, but rather
having a sample of data large enough to infer the behavior of the whole. Even where
all disaggregated trip data is available, as well as a computer program able to process
it trip by trip (to date, no current demand modeling software has such capabilities),
a systematic aggregation is still necessary so that the results can be analyzed by hu-
mans.

The common way of doing this is to provide customer demand information ag-
gregated per hour of the day in a visual format. It is always best to have data for
both peak and off-peak periods. For the analysis in this chapter, much of the services
and engineering will be designed around the peak hour, so an estimated peak hour
demand is needed. If the frequency is very low, it may be necessary to aggregate by
peak period, as in morning peak, midday off peak, afternoon peak, and so forth, and
then infer the average peak hour demand from the peak period, in order to avoid data
distortions. For instance, in the United States, a bus route might have only three trips
between seven and eight, and only two between eight and nine, because one of the
trips falls at 7:59 and one falls at 9:01, creating a false impression that demand is far
more irregular than it is. In general, however, the data needs to be put in a “peak”
hour format, as this is used to make key engineering decisions. Business planning



decisions must also be informed by the relationship between the peak hour and the
off-peak periods, as this relationship can make (or break) the financial sustainability
of the project.

For service planning, the following data is needed:

The itinerary of every route,

« The number of departures per hour;

e The average travel time between stops;

e The number of customers boarding and alighting at each stop;

e The number of customers transferred from each route to every other route.

Initially, it is only relevant that this data is processed for typical days, but when

the project moves forward, service plans for Saturdays and Sundays and seasonal
variations (school holidays) will be required for a complete evaluation. Additional
trip data, as described below, may already have been collected using the methods de-
scribed in Chapter 4: Demand Analysis, and repeated here, focusing on the processing
needs for the service plan design.

6.2.1 Itineraries and Average Travel Time between Stops

For the process of corridor selection, all of the existing public transport routes using
the planned BRT corridor should have been mapped into a GIS program (or a GIS
interface of a demand modeling tool like TransCAD or Emme).

If this information is not already available, or badly coded, it will be necessary to
have surveyors ride each bus with a GPS and record the coordinates of each bus stop
and each bus route. This is not expensive or difficult. Even if this data has already
been collected by someone else, it may be out of date, so it is a good idea to check
the data by randomly sampling the key routes with a GPS to make sure it is accurate.
Many software applications (apps) for smartphones can collect this data.

Average speeds from bus stop to bus stop should be surveyed during the peak
hour and off-peak period. For a given distance, a graphic such as the one below can be
generated to represent the speed over the course of a day. Data needs to be collected
over multiple days to generate a reliable average speed.

In a growing number of cities, the bus routes have already been input into an
open standard format like General Transit Feed Specification (GTFS) that allows peo-
ple to manipulate the data in multiple applications. Usually this data is used for cus-
tomer information dissemination (its name was originally Google Transit Feed Spec-
ification), but these same data sets can be used for service planning. GTFS data may
be good enough to give coordinates for mapping the existing public transport system,
or it may have a lot of inaccuracies that need to be cleaned up. The route needs to be
mapped in both directions, as buses may not take the same route going in different
directions and bus stops have different positions.

6.2.2 Number of Customers Boarding and Alighting at Each Stop

The number of existing bus or minibus customers that are currently boarding and
alighting on all of the bus routes that use the BRT corridor at each station needs to
be collected and mapped. This is usually done by a survey team. Typically, along the
planned BRT trunk corridor, if the stations are clearly marked and used, the boarding
and alighting counts can be conducted at the stations. For the parts of bus routes
that extend beyond the trunk corridor, boarding and alighting counts are generally
conducted on board. If the buses or minibuses do not stop in consistent locations,
the boarding and alighting numbers along a link need to be collated and assigned to
areasonable location or segment approximating most boardings and alightings, or a
location where a new BRT station is being considered could also be used. Boardings
and alightings are typically known within a segment, but not at an exact location.

minutes

ee S s HNERSEERS

& 6 T & @ W oM oW W WM W W W DD
e o Py

Figure 6.1. Travel times by mode for Montgomery
County, Maryland, USA, on the bus route MD 355. The
red line represents observed actual bus times, the
green line represents scheduled bus times, and the
blue line represents the travel time of a car moving
on the same route as the bus. Arthur Szdsz.



Sometimes boarding and alighting numbers can be collected from Automated
Passenger Counter (APC) systems if the locale has this technology. APC data can
sometimes give very detailed and accurate numbers of boarding and alighting cus-
tomers per bus route, but frequently they are coded by time of day, and the station
location is not fully clear, so a correlation between APC and existing stops needs to
be determined.

With this data, a map such as the shown in figure 6.2 should be generated:

This data can already be used to identify some stations that could possibly be
eliminated in the new BRT service, or stations that might become express stops. In
the United States, there has been a tendency over the years to accommodate citizens’
demands for adding additional stations to the point where there are stations every 200
meters or less. If a stop has very few customers boarding or alighting, extra delay is
being imposed on all the customers on board the bus to accommodate only a handful
of people. The BRT Standard imposes a deduction of 2 points for station stops closer
together than 200 meters. In some of the high-demand BRT systems in Asia and Latin
America, stations are sometimes 200 meters long. In addition, this data is used to
identify locations where off-board fare collection may be the most important.

Further, it is used to identify important transfer nodes. Where large boarding
and alighting volumes are observed in locations with perpendicular public transport
routes and no other clear destinations, it is likely that many of the customers are
transferring. Identifying these transfer points is important to service planning, and
additional surveys will need to be conducted at these transfer points as discussed in
the next subsection.

6.2.3 Number of Customers Transferring between Routes

The boarding and alighting data can be used to either construct and/or calibrate a
public transport trip origin-destination (OD) matrix. This public transport OD matrix
reveals where public transport customers want to go, regardless of where the current
bus or minibus routes go. It can be developed in a number of ways depending on the
sort of data available.

For a single corridor, when there is no other data, modelers typically use the
same boarding and alighting counts done above to first create a “stop-to-stop” OD
matrix for routes serving the selected BRT trunk corridor. This is generally done by
a Fratar distribution model. This mathematical method makes assumptions about
where people are getting on and off public transport vehicles based on uniform prob-
ability. This data will generally reliably re-create where customers are starting and
stopping their journeys along a single public transport route, but it misses where cus-
tomers may be transferring to other routes.

In order to transform the stop-to-stop OD matrix into an OD matrix for full
trips along the pilot BRT corridor, transfer surveys that identify not only the number
of people transferring but also their final destinations need to be conducted where
large volumes of customers board and alight or at locations that intersect other public
transport routes. All major likely transfer points should be surveyed. Many systems,
however, have large numbers of transfers distributed across the entire corridor and
not necessarily concentrated at particular stops, so it is harder to create a full public
transport OD matrix from this methodology alone.

The transfer survey should interview a statistically significant sample of the
boarding and alighting customers at each stop and ask them their trip origin, des-
tination, and the public transport route they used to make the trip. Once this data is
collected, the stop-to-stop OD matrix should be modified based on the transfer sur-
vey data, to link the appropriate proportion of stop-to-stop trips based on the transfer
survey results.

i

Figure 6.2. This figure shows in black the proposed
BRT corridor in Yichang, China, and in green and red
the estimated peak-hour boardings and alightings

at all the stations on routes that are using the BRT
trunk corridor. The number of existing boarding and
alighting customers at each existing station will give
a good preliminary indication of which stations are
more important than others. /TDP.

Figure 6.3. Location of transfer surveys done for
Yichang BRT modeling. Image /TDP.



In the developed world, there is usually more data available than can be easily
processed. For instance, in the United States, a growing number of cities are creat-
ing public transport OD matrices from new ticketing system information. A growing
number of public transport ticketing systems can track by ticket ID number where
a customer enters the system (where he or she swipes at a payment site). By noting
where he or she enters the system next, usually in the evening from his or her destina-
tion or at some transfer point, one can create a matrix of trip origins and destinations
for virtually all public transport customers. All of this is used to generate a detailed
customer “origin and destination matrix.”

After this is done, there is sufficient data in the demand model to test alternative
service plan scenarios. If put into a public transport demand model like TransCAD
or Emme, more refined alternative service planning options can be developed and
tested.

6.2.4 Data Processing

For each existing bus or minibus route along the selected trunk corridor, as stated
above, data of existing operations needs to be collected for the full length of daily
operations. Then, the following information can be generated for assisting the service
plan:

« Total route distance;

* Route travel time: total, disaggregated by section and hour of day per sec-

tion;
« Stop-by-stop boarding and alighting customers;

Vehicle loads at each link (between each station);

Overall public transport vehicle and occupancy per section;

Overall public transport vehicle frequencies.

From this data, the critical link and load of the corridor can be identified, also
known as the maximum load on the critical link (MaxLoad). At this location, it is
important to have full-day public transport vehicle and occupancy counts with con-
sistent data.

From the full-day counts at the critical link, the degree to which the demand
has peaked on the corridor can be calculated. This is needed in order to calculate the
required fleet under different scenarios and to convert peak hour ridership numbers to
daily numbers. The total route distance and link-by-link peak hour speed are needed
to calculate the route-by-route full-circuit total cycle time (TC).

Though not completely necessary at this stage, it will also be useful to know:

The existing fleet size;
« The total customers per line per day and per peak hour (to calculate the
renovation rate [ Ren));

The total vehicle distance operated on the route.
It will also be necessary to calculate:
e The total amount of the route that overlaps the corridor;

The total cycle time that occurs on the planned corridor and off the planned
corridor.

This information gives us the preliminary tools to begin a service planning anal-
ysis.

As an example, Figure 6.4 shows a corridor identified as a future BRT corridor
in Montgomery County, Maryland, USA, to which the involved routes are shown in
Figure 6.5. The Table 6.1 presents the total amount of the route that overlaps the
corridor, and the part of total cycle time that occurs on and off the planned corridor.

Figure 6.6 shows travel time differences with the BRT speeds (the pink line) and
with the current speeds (red line) and the benefit per trip in minutes (the difference



between the lines) for the route to be incorporated into the BRT corridor in each pe-
riod of the day. Off-peak benefits will be smaller. The potential benefits of imple-
menting each alternative are calculated in table in figure 6.6 for the proposed prelim-
inary service plan by multiplying the number of customers for each trip throughout
the day by the estimated travel time saved.

Table 6.1. Existing bus routes using the Route 355 proposed BRT corridor, proposed
changes for two scenarios and time savings for Montgomery County, Maryland, USA.
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TIME SAVINGS
passenger hours 863 668
per day

In Table 6.1, which was generated for Montgomery County using the GTFS and
APC data corresponding to the routes in Figure 6.5, route extension is the percentage
of the bus route that overlaps with the proposed BRT corridor, and passenger time is
the percentage of the customer’s time that is the spent on that section of the bus route
that overlaps with the proposed BRT corridor. While these two indicators essentially
measure the same thing, the comparison between the two allows for identification of
congestion and thus where BRT would significantly improve travel times. If the cus-
tomer time in the corridor (last column marked “passenger time”) is higher than the
percentage of full bus route length that overlaps with the BRT corridor (second to last
column named “route extension”), this indicates that the corridor is where most of

the congestion is, which suggests BRT should help significantly improve travel times.

6.3 Basic Service Planning Concepts

“When I was young, I had to learn the fundamentals of basketball. You
can have all the physical ability in the world, but you still have to know the
fundamentals.”

— Michael Jordan, former professional basketball player, 1963—

6.3.1 BRT Stations and Saturation

With rail systems, the constraint on capacity tends to be the frequency that the sig-
naling system can handle. Rail system designers thus frequently try to add longer
and longer trains, but on city streets eventually this runs up against block lengths.
In BRT systems, by contrast, the constraint on capacity is the BRT station. Vehicles
can platoon, in which many can follow very closely, one behind the next, with very
high frequencies. A traffic signal can handle far more vehicles passing through it over
the course of an hour than a bus stop can process. As a result, for BRT, the station
saturation problem is the critical issue that needs to be solved to maintain system
speeds—not intersections or headways, which can be defined as the time between
two vehicles offering a service, conveying exactly the same information as frequency.

Thus understanding the saturation level of a station is a basic starting point in
achieving high capacities and high speeds (covered in the next chapter), and if there

Figure 6.4. Planned BRT corridor in Montgomery
County, Maryland, USA. ITDP and Logit

B MD355

|
Figure 6.5. Map of proposed BRT servic
planned corridor in Montgomery County, Maryland,
USA. ITDP and Logit
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Figure 6.6. Travel times by mode for Montgomery

County, Maryland, USA, on MD 355 along with an

estimated BRT travel time. Logit



is a risk of station saturation it also becomes a primary concern of service planning
(covered in this chapter). Saturation level of a station refers to the percentage of time
that a vehicle stopping bay is occupied. The term saturation is also used to charac-
terize a roadway, and in particular, the degree to which traffic has reached the design
capacity of the road.

When engineers talk about the capacity of a road or a BRT system, they will give
a capacity for an acceptable level of service, rather than for the maximum number
of vehicles or customers that could pass through a road or a system. After a certain
point, the lane or BRT system becomes congested. With congestion, the total flow
of vehicles may not change (usually it increases at first and later decreases), but the
vehicles are going slower and slower.

Saturation, of course, changes as the demand (arrival of vehicles) is not perfectly
regular; so when we talk about saturation we are assuming a permanent flow subject
to the irregularity normally observed in a roadway or in a busway. The peak hour is
an appropriate measure of saturation for dimensioning a system.

Exactly because of this irregularity, a level of saturation of (x=) 0.85 is commonly
considered acceptable for mixed traffic. Below a saturation level of 0.85, increases in
traffic will have only a minimal impact on average speeds, and the level of service is
acceptable. Once saturation levels exceed 0.85, there is a dramatic drop in speeds.

However, with BRT stations, there is no clear breaking point. The queues and
delays at bus stations occur at small amounts even at low saturation levels, and these
delays simply increase with saturation. In the case of a bus station, saturation is
defined as the percentage of time that the station is occupied by vehicles boarding
and alighting customers.

In general, stations should be planned at less than 40 percent saturation, or else
the risk of congestion increases significantly. The impact of stopping bay saturation
on speed is shown in Figure 6.7.

Rather than a clear point at which the system collapses, station saturation tends
tolead to a gradual deterioration of service quality. For this reason, the optimum level
of station saturation is not clear. Some studies argue that the optimum should be
around 0.30, but saturation levels as high as 0.60 can be tolerated in specific locations
if this condition is not general throughout a BRT corridor. However, for saturation
levels above 0.60, the system can be deemed unstable, and risk of severe congestion
and system breakdown is considerable.

A low saturation level, or a high level of service, means that there is a low like-
lihood of vehicles waiting in a queue at a BRT stop. A high saturation level means
that there will likely be long queues at stopping bays. For saturation levels over one
(z > 1), the station will certainly have queues increasing to the point where the sys-
tem does not move until long after the peak is over.

6.3.2 Sub-Stops and Docking Bays

A docking bay is the designated area in a BRT station where a vehicle will stop and
align itself to the boarding platform. Docking bays are typically aligned quite close
together, so close in fact that one vehicle does not have the space to pull around and
pass another vehicle stopped in front of it at another docking bay.

Sub-stops, by contrast, are the stopping areas where one or more docking bays
may be located. A station may be composed of more than one sub-stop. The critical
thing about a sub-stop is that it be far enough away from the next sub-stop that any
vehicle pulled up to a docking bay in the sub-stop in front of it has enough space to
pull around and pass the other vehicle. This requires that one BRT vehicle be able to
pass another BRT vehicle at the sub-stop, which necessitates a passing lane. Because
sub-stops and passing lanes are extremely critical to avoiding station saturation and
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Figure 6.7. Relationship between travel time and
saturation levels. Steer Davies Gleave.

.



hence reaching higher speeds and capacities, and making express and limited stop
services viable, they are both given points in The BRT Standard.

In the first BRT systems, each station had only one docking bay and one sub-
stop. A key innovation of Bogota’s TransMilenio system was that more capacity and
speed could be obtained, if, at each station, instead of having just one sub-stop with
one docking bay, each station might have two or more sub-stops, and each sub-stop
might have one or two docking bays. In Figure 6.8 the TransMilenio stop has two
sub-stops, one with one docking bay and one with two docking bays.

By adding more sub-stops and docking bays (the sub-stops are far more impor-
tant than the number of docking bays), the saturation level of each sub-stop can be
kept to a maximum value of 0.40 until very high levels of demand are reached. Trans-
Milenio strives to keep the maximum variation in the saturation value at no more
than 0.10 between sub-stops at the same station, so the values should not vary from
a range of 0.35 to 0.45.

6.3.3 Direct Services

Direct services, sometimes called “trunk extensions” or “complementary” routes, are
new BRT services that operate both in mixed traffic and inside dedicated BRT infras-
tructure on trunk routes. Usually, they follow former bus or minibus routes that have
been converted into BRT services.

When designing BRT services, the easiest thing to do is to simply convert exist-
ing public transport routes into identical new BRT routes, and allow whatever portion
of the existing route that does not overlap with planned BRT infrastructure to simply
operate in mixed traffic. One of the main advantages of BRT over rail-based modes is
that buses, unlike rails, can easily leave the trunk infrastructure and operate on any
normal road.

If a city has already done a good job designing its bus services, and the routes are
well correlated to trip origins and destinations, it may be a good idea to leave several
or most of them more or less where they are. Riders are already familiar with these
routes, and a conservative approach to BRT service planning will minimize the like-
lihood of major mistakes or public confusion when the new system opens. Because
such routes need to operate both in mixed traffic and along specialized BRT trunk
infrastructure, the buses and the fare collection system need to be able to operate
in both environments. Generally, this will require the procurement of a fleet com-
patible with the new BRT infrastructure and mixed traffic operation. Developing BRT
vehicle technical specifications that allow for both BRT trunk and mixed traffic opera-
tion (see Figure 6.9) significantly improves the flexibility of the system. If the system
has central median platforms on the BRT trunk corridor, vehicles will need to have
doors on both sides. Direct service systems increasingly use low-floor buses to ease
boarding and alighting off the trunk corridor. Direct service operations with flexible
vehicles also make it easier to expand BRT trunk infrastructure onto other linked cor-
ridors without major disruptions in service or new fleet procurement. Direct services
within a closed system can employ off-board fare collection at BRT stations, but need
to have an on-board or proof-of-payment fare collection system when using regular
bus stops outside the BRT corridor. With proof-of-payment systems, inspectors will
be needed, and there is risk of fare evasion.

Until 2010, the only direct-service BRT reaching Silver or Gold Standard was
the Brisbane Busway (Australia). Many of the Bronze-rated BRT systems with di-
rect services lacked basic administrative controls over access to the trunk BRT in-
frastructure, with lower quality vehicle infrastructure improvements, and these sys-
tems frequently encountered station saturation problems. Problems of station sat-
uration are not caused by direct services, but rather by a misalignment between the
service plan and the infrastructure design that could happen regardless of service

Figure 6.8. The use of multiple sub-stops and docking
bays with passing lanes in Bogota helps minimize
vehicle congestion. Oscar Diaz and Por el Pais que
Queremos (PPQ).
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Figure 6.9. Two-sided doorway configuration for a
direct-service system where the bus operates both
in the BRT corridor and outside the corridor in mixed
traffic. ITDP.



type. Since 2010, several systems have opened (Guangzhou, China; Cali, Colombia;
Johannesburg, South Africa) that feature Gold- or Silver-Standard BRT infrastructure
and direct services. These systems all offer services that operate both on Gold- or
Silver-Standard BRT trunk infrastructure and continue beyond the trunk into mixed
traffic.

Guangzhou’s BRT proved that direct services in a closed system with Gold Stan-
dard BRT infrastructure and properly sized stations can reach very high capacity and
speed with high customer service levels. Guangzhou’s peak-hour, single-direction
passenger flows, at over 27,000 passengers per hour per direction (PPHPD), are dou-
ble all but the best trunk-and-feeder BRT systems in the world.

Figure 6.13 provides a map of the services for the Guangzhou BRT system. The

BRT routes illustrated in Figure 6.13 are allowed to operate along the BRT trunk cor-
ridor. The physically segregated busways and prepaid boarding stations were built /F:/'gb'sr;:mm Complementary service in Cali. Karl
along the trunk corridor illustrated in this figure, which also shows the bike-sharing
stations implemented along the BRT corridor. Although the trunk corridor is only 23
kilometers long, BRT service coverage extends to 273 kilometers of roadways in the

city.

Figure 6.12. Complementary services in Guangzhou.
Far East BRT.

Figure 6.13. Vehicles operating on the BRT system in Guangzhou move directly from an exclusive busway to feeder
routes, and thus greatly reduce the need for transfers. This image also shows bike-sharing stations implemented
along the BRT corridor, and the city’s metro stations. Image /TDP.

6.3.4 Trunk-and-Feeder Services

Until recently, the most famous BRT systems operated “trunk-and-feeder” or “trunk-
only” services. In some cases, a new BRT service will run only up and down the BRT
trunk infrastructure. This would be called a “trunk-only” service. Trunk-only services
can either allow the previous routes to continue to operate in mixed-traffic lanes par-
allel to the BRT corridor, and then continue as the route extends past, or they can be
rerouted off the corridor, or they can be eliminated and force their former customers
to transfer to the new BRT. The approach of allowing former bus routes to continue
in mixed traffic is what occurred in Jakarta, Indonesia, and in many Chinese systems.
It has the advantage that it does not force customers to transfer against their will.
These systems have the disadvantage that the ridership of the BRT system tends to
be lower, undermining returns to scale in the BRT system operation. Also, as it leaves
many bus routes in the mixed traffic lanes, this approach also tends to degrade the
level of service in the mixed traffic lanes, resulting in lowered mixed traffic speeds
due to increased congestion.

Initially, trunk-and-feeder service design was the result of BRT system devel-
opers copying the service characteristics of rail systems without considering direct



service alternatives that were possible with BRT. Often, designers of “trunk-only” ser-
vices think that informal operators will automatically provide feeder services to the
trunk routes. In some cases, where enforcement and regulation of informal operators
is reasonably effective, this can bring some customers to the trunk system, though it
normally forces customers to pay twice, and does little to improve the quality of the
trip still being performed by the informal part of the service. More typically, however,
informal operators will refuse to stop at trunk stations in an effort to retain their cus-
tomers for the longer haul trip, draining the BRT system of ridership and revenue,
and congesting parallel mixed-traffic lanes.

TransJakarta remained for many years a “trunk” system without a “feeder.” As
a result, despite being one of the longest BRT systems in the world at over 172 kilo-
meters, in early 2012 it carried only 350,000 customers per day and about 4,000 cus-
tomers per hour per direction at peak times. Roughly two-thirds of all public trans-
port customers using the TransJakarta corridors continued to use their former bus
routes and operate in very congested mixed traffic conditions. While some opera-
tional improvements have been made, and a few new direct services have been added,
the system has yet to fully optimize its services and operates at a loss.

Mexico City also operates a trunk-only system. Rather than allowing former
bus routes to operate in parallel, it cancelled them, reducing mixed traffic congestion
and pushing up ridership on Metrobus. The new routing did not cause that many new
forced transfers, because most of the former bus routes were already organized to op-
erate on corridors in a manner that was not fully consistent with demand pattern.
As the Mexico City system expanded, inter-corridor routes were added, and the sys-
tem began to serve more customers, while reducing unnecessary transfers and station
saturation.

Systems such as Bogotd’s TransMilenio, Curitiba’s system, Rio’s TransOeste/
TransCarioca/TransOlimpica, Lima’s Metropolitano, and others provide fully inte-
grated feeder bus services that connect to the trunk services in formal transfer ter-

minals, offering a better quality and more comprehensive door-to-door service than

the trunk-only services. In this case, a former bus route that overlaps the trunk BRT

corridor for only part of its route is split into two services: a trunk service operating £ -
Figure 6.14. A Kopaja bus provides direct services in
only inside the BRT system, and a feeder route that operates in mixed traffic. thge Translakarta BDR% infrasﬁmctwe, These buses run
in mixed traffic and then enter the BRT corridor for
part of their journey, but they are not officially part
of the BRT system and have their own fare structure.
Aimee Gauthier.

In the best systems, the BRT system operator operates both trunk services and
feeder services under professional quality of service contracts with private vehicle
operating companies. Such feeder services are not operated by informal operators,
but by modern companies, and they form an integral part of the BRT system, with
consistent branding, fare systems, information technology, and other BRT amenities.
In some cases, especially in higher-income countries, a public transport authority is
likely to operate both a BRT trunk service with special vehicles and branding, and a
feeder service using normal buses in mixed-traffic lanes that are unlikely to be iden-
tified as part of the BRT system.

Figure 6.15. A Mio BRT vehicle in Cali operates off-
corridor to provide direct services to some destina-
tions. Luc Nadal.

/ 8 i
Figure 6.16. New Translakarta direct service. Karl
Fjellstrom.
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Figure 6.17. Many Chinese BRT systems operate trunk-only services, where the majority of the ridership remains on
parallel traditional bus services operating in mixed-traffic conditions. Beijing’s BRT features many more customers
and vehicles in the mixed-traffic lane adjacent to the BRT than are included in the BRT roadways. Karl Fjellstrom, Far
East BRT.

6.3.5 Services That Skip Stops: Limited, Express, Early Return, and
Deadheading

The most basic type of public transport service along a corridor is typically known
as “local service.” This term refers to a service where stops are made at each station
along a route. Thus, while local services provide the most complete route coverage
along a corridor, such services also result in the longest travel times and the slowest
speeds.

Each stop a vehicle makes adds some delay. One of the easiest ways to increase
vehicle speeds is to add services that skip stations. Services that skip a few stations
at regular intervals are usually called “limited stop services.” Services that skip many
stations are generally called “express services.” One of the main advantages of BRT
is that it is relatively simple and inexpensive to allow one vehicle to pass another by
simply having passing lanes at station stops.

Single-track metro and light rail transit (LRT) systems and simple, single-lane
BRT systems like TransJakarta and RIT Curitiba (except for the new Linea Verde),
which do not have passing lanes, have few options but to operate only local services.
There are no provisions within the infrastructure of these systems for vehicles to pass
one another. Allowing passing in the infrastructure design can provide more service
options and is a main reason why The BRT Standard weighs heavily the inclusion of
passing lanes in the design.

Many of the examples in this chapter assume that it is possible to build physical
infrastructure that can accommodate the passing of one service by another, generally
through the inclusion of passing lanes inside the BRT infrastructure. The best solu-
tion is to simply provide enough space for passing lanes at station stops. The space is
not needed along the entire corridor, only at stations that can be set back from the in-
tersection to avoid compromising intersection capacity. When right-of-way for pass-
ing lanes is simply unattainable, figuring out how to accommodate passing to allow
longer distance limited and express vehicles to pass local BRT services and still use
the dedicated BRT infrastructure is a challenge. A variety of alternatives have been
discussed, though with fairly limited application to date. Most of these techniques
only work up to a certain maximum frequency.

If the barrier between the busway and the mixed-traffic lanes is not rigid and
can be easily permeated, it is possible for express and limited buses to simply pass

v i 3 .
Figure 6.18. Passing lanes at stations, like these in
Bogotd, allow for the provision of express and limited
stop services. Karl Fjellstrom.

Figure 6.19. Passing lanes prevent queue formation
at stations in Sao Paulo, deliver significant travel time
savings to customers. Karl Fjellstrom, ITDP China.




each other in the mixed-traffic lanes. This is often done in bus system improvements
like Select Bus Service in New York, but so far there are no examples of this in full
BRT systems. Its effectiveness depends on the degree of mixed traffic congestion at
the critical points where the buses need to pass one another.

Another technique is to time services so that limited stop or express services
only catch up with the local services at the terminal point of a route, or at select sta-
tions where passing lanes are available. Such services, called “catch up” services, are
more commonly seen in rail systems. Thus, an express service may begin ten minutes
behind a local service, and this starting-time difference ensures that the express ser-
vice does not overtake the local service. Such an approach may be applicable to BRT
for relatively short corridors with relatively long headways (e.g., ten minutes), but
to date there is limited experience, and its application has been limited to express-
service demands only.

Some cities have considered adding a pull-by bay in front of stations, where
a local BRT vehicle can pull aside and let an express bus pass. This solution has the
benefit of only requiring right-of-way where it is least needed for other purposes, such
as BRT stations or turning lanes. Some preliminary analysis indicated that pull-by
bays at some stations might be feasible in systems with headways greater than about
five minutes, but there remains limited real-world experience with their application.

If the BRT infrastructure does not include passing lanes at station stops, it may
be advisable to leave express services in mixed traffic lanes. Curitiba’s RIT system, for
instance, excluded longer-distance express buses from BRT services due to the lack
of passing lanes. This was a second-best solution, the benefits of which degraded as
traffic congestion increased in the mixed-traffic lanes. One of the main innovations of
Bogota’s TransMilenio was to introduce express, limited, and local services, all inside
the BRT infrastructure.

Sometimes the overabundance of stops is mitigated by stop-on-demand. Stop-
on-demand does not work well during peak hours, however, as there is usually de-
mand for all of the stops. It is also virtually incompatible with BRT services. Since
stop-on-demand offers limited benefits during the critical peak period, and does not
integrate well with BRT, it is generally not used in BRT services and hence is not fur-
ther considered here.

In many developing-nation cities, public transport services operate on a hail-
and-ride basis. Even in cities in the United States, minibus services effectively stop
wherever hailed by a customer, whether at a bus shelter or not. This has the advantage
of minimizing walking times. Hail-and-ride vehicles may also offer a variety of ser-
vice options and very high frequency. Hail-and-ride services are not compatible with
operations inside a BRT system, though it is possible to allow hail-and-ride services
to continue to operate in mixed-traffic lanes and to continue to provide services to lo-
cations where stops have been removed. Hail-and-ride is also not further considered
herein.

“Early return” services are another form of service that eliminates stops, in this
case from the extreme ends of the route. Typically, the highest-demand segment of
a route is in the city center, so early return services only operate the service on the
highest demand part of the BRT corridor, allowing other services to operate on the
full length of the corridor. With a limited fleet of vehicles, these early return services
will significantly reduce operating costs for the system operator, while reducing the
fleet size, but the demand profile needs to allow this type of service.

“Deadheading” is when buses are run without stopping for customers in the
nonpeak direction. Because demand frequently varies in the two directions of a BRT
service, the optimal frequency is likely to differ for the two directions. Full optimiza-
tion of services therefore requires the programming of services separately for the two
directions. TransMilenio, in fact, coded the different directions with different route

numbers, and these routes had different stopping patterns optimized to the specific



peak and contra-peak demand patterns. It is often more efficient to run some of the
buses in the contra-peak flow direction to skip more stops or to not stop at all, al-
lowing the bus to return more quickly to the peak flow direction. This is known as
deadheading.

6.3.6 Speed, Travel Time, and Distance Relationships

Frequently, a BRT route’s length and travel time will be known, but not the average
speed, or the average speed and time but not the distance. These are the basic rela-
tionships:

travel distance . travel distance .
average speed = ———————— & travel time = ——————— & travel distance
travel time average speed

Box 6.1. Reminder for time units conversion
1 hour = 60 minutes = 3,600 seconds;
1 day = 24 hours = 1,440 minutes = 86,400 seconds

Most commonly, one calculates the length of a proposed or existing route (usu-
ally the transit authority knows the route length, or it can be taken from GTFS, or
calculated using GPS on board the bus), and usually a speed survey is conducted so
that several peak hour trips can be timed and the average taken, so one can calculate
existing bus speeds by using the above formula.

If a trip takes one hour, and the distance is 20 kilometers, the speed is 20 kph.
As the best BRT systems in urban conditions tend to move about 20 kph for a single
track BRT and up to 30 kph for a BRT with passing lanes and sub-stops, if existing bus
speeds are well below 20 kph, we know there is a reasonable likelihood of improving

the speed on the route.

6.3.7 Peak Hour, Peak Hour Ridership, Peak Hour Travel Time, Peak
Hour Speed

Most service planning decisions require a calculation of the peak hour, or the hour
of the day when there are the most public transport customers using the system on a
particular route. It is also often important to estimate the speed on the route.

How the peak hour is determined depends on what data is most readily avail-
able. In the United States, where it is fairly common to have transit agency data with
boarding, alighting, and time at each bus stop (or at least each link), a chart like Table
6.2 can be created. It will show the total 6:00 a.m. departure for Route “A,” the 6:15
a.m. departure, and so on. The total boardings per vehicle are then calculated for each
departing vehicle on Route A, and the total travel time for each Route A departure.

Table 6.2. Route A: Boarding, Alighting, and Loads

= travel time * average speed

6:00 a.m. 6:15 a.m. 6:30 a.m.

Departure Departure Departure

Boarding Alighting Load Time Boarding Alighting Load Time Boarding Alighting Load Time
Station 6:00 6:15 6:30
1st 1 0 1 6:10 1 0 1 6:25 1 0 1 6:40
10th 1 0 2 6:20 1 0 3 6:36 2 1 2 6:51
20th 2 1 3 6:30 3 1 5 6:47 3 2 3 7:02
30th 2 2 3 6:40 3 2 6 6:57 4 2 5 7:13
40th 3 3 3 6:50 4 3 7 7:08 4 3 6 7:24

6:45 a.m.
Departure

Boarding Alighting Load

2 0 2
2 1 3
3 2 4
4 2 6
5 4 7

Time

6:45

6:55

7:05

7:15

7:25

7:35



50th 3 3 3 7:01 4 4 7 7:19 5 5

60th 3 3 3 7:11 3 4 6 7:30 3 4
70th 2 2 3 7:21 2 3 5 7:40 2 4
80th 1 2 2 7:31 1 3 3 7:51 2 3
90th 0 1 1 7:41 0 2 1 8:02 1 2
100th 0 1 0 7:52 0 1 0 8:13 0 1
Total 18 18 1:52 23 23 1:58 27 27

The salient information per route (total boardings and total trip time) for all
peak period departures can then be created as shown in next table

Table 6.3. Example of Average Peak Hour Riders and Times

Time Travel Time Customers
5:00 a.m. 1:32 10
5:30 a.m. 1:37 12
6:00 a.m. 1:52 18
6:15a.m. 1:58 23
6:30 a.m. 2:00 27
6:45 a.m. 1:50 30
7:00 a.m. 1:50 20
7:30 a.m. 1:40 19
8:30 a.m. 1:35 20
9:00 a.m. 1:35 17

In Table 6.3, the peak hour for Route “A” is from 6:15 a.m. to 7:14 a.m. It is
during this hour that total boardings of all Route A trips reach their maximum.

Alternatively, if this data is not available, the peak hour can be calculated from
frequency and occupancy counts for each bus route. In this case, a surveyor would
stand at the critical link (highest demand section of the route) and count the num-
ber of Route “A” buses and estimate their occupancy. The hour with the maximum
frequency and highest occupancy is roughly the peak hour.

In the example above, the peak hour headway is fifteen minutes and peak-hour
frequency is four minutes. The average peak hour demand per bus is twenty-five,
or a hundred per hour, and the average travel time is 1:55. When inputting this data
into a model (for calculating costs, benefits, stations, bus sizes, fleets, travel times, or
simulating the network), one generally converts the above messy data into a constant
flow that represents average peak hour conditions.

Table 6.4. Example of Average Peak Hour Riders and Times

Time Travel Time Travel Distance(krfipeed(kph) Customers
5:00 a.m. 1:55 20 10.4 25
5:30 a.m. 1:55 20 104 25
6:00 a.m. 1:55 20 10.4 25
6:15 a.m. 1:55 20 10.4 25
6:30 a.m. 1:55 20 104 25

6:45 a.m. 1:55 20 10.4 25

7:35

7:46

7:57

8:08

8:19

8:30

30

30

745

7:55

8:05

8:15

8:25

8:35



7:00 a.m. 1:55 20 104 25

7:15am. 1:55 20 104 25
7:30 a.m. 1:55 20 104 25
7:45 a.m. 1:55 20 10.4 25

It is these averages that will tend to be used in a traffic model. The existing
speed of the bus route should be used to code the link speed for the existing public
transport route.

6.3.8 Public Transport Loads: Load, Critical Link, Maximum Hourly
Load on the Critical Link (MaxLoad), Passengers per Hour per
Direction (PPHPD), and Load Factor

The “load” of a given segment (or link) of a system is the total number of customers
that travel through that segment within a given time period, usually an hour; if no
other qualification is made it refers to “passengers per hour across the given seg-
ment”; this, like other measures presented, changes throughout the day (and from
one day to the next), but for the service planning exercises presented in this chapter,
if nothing else is said, the load of a segment refers to the peak hour load.

Table 6.5. Table 6.5 Load Example at a Corridor

Route A North- Route B North- Combined
bound peakhour bound peakhour Northbound
peakhour

Station Boarding Alighting Load Boarding Alighting Load Boarding Alighting Load
Main St 5 0 5 3 0 3 8 0 8
Ist 5 0 10 3 0 6 8 0 16
10th 5 0 15 3 0 9 8 0 24
20th 6 5 16 5 3 11 11 8 27
30th 7 5 18 5 3 13 12 8 31
40th 8 9 17 5 5 13 13 14 30
50th 9 8 18 5 5 13 14 13 31
60th 5 7 16 8 5 16 13 12 32
70th 5 6 15 8 5 19 13 11 34
80th 0 5 10 3 8 14 3 13 24
90th 0 5 5 0 8 6 0 13 11
100th 0 5 0 0 6 0 0 11 0
Total 55 55 48 48 103 103

Once the peak hour load has been calculated (as in Section 6.3.6), the consoli-
dated boardings, alightings, and loads at each stop on the planned BRT corridor can
be calculated by simply adding up the hourly boardings and alightings of all the routes
that will use the new BRT corridor, as illustrated above. In Table 6.5, the maximum
load is thirty-four and it occurs after the bus departs the 70th Street Station until it
reaches the 80th Street Station. The link between 70th Street and 80th Street is carry-
ing the heaviest load of customers, and as such is called the “Critical Link.” The load
on this link (thirty-four in Table 6.5) is known as the “maximum load on the critical
link.”

Note that this is usually only for one direction of travel. To avoid confusion
due to the fact that a segment normally has two directions, it is common for the unit



PPHPD to be used for the expression of loads. It is an abbreviation for “passengers
per hour per direction” and it means “passengers per hour in one direction.” PPHPD
(or even pphpd) is used here with this intended meaning.

Line 248R: 248R.
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Figure 6.20. Output of a boarding and alighting survey for bus route 248R in Guangzhou, China, during the peak
hour. The "Critical Link” is between Stop 13 and Stop 16. Graph /TDP.

Figure 6.20 illustrates the same idea graphically. The link between Stop 13 and
Stop 16 carries the heaviest load, so it is the critical link, and the maximum load on
this critical link is about 1,800 passengers per hour per direction (or PPHPD). The
maximum load on the critical link is of primary interest to BRT system planners, as it
is used for making many crucial design and service planning decisions. The duration
of one hour is considered the appropriate measure of peak duration (shorter mea-
surements have considerable oscillation). In the formulas that follow, this peak load
is called the “maximum hourly load on the critical link” (MaxLoad). Identifying this
location and this load is paramount in any service planning exercise as it is the load at
this point that will determine the fleet needed and the appropriate vehicle size. The
expressions corridor maximum load and eventually system maximum load also refer to
this measurement.

The “load factor” is the percentage of a vehicle’s total capacity that is actually
occupied. For example, if a vehicle has a maximum capacity of 160 customers and 128
customers in a segment of a trip, then the load factor is 80 percent (128 divided by
160) on that given segment. The total load factor of the system would account for the
average load for all services throughout the system (this average could be weighted
by segment extension or time vehicles need to cross it), and it is used to show the
efficiency with which the system’s vehicles are used. When the term load factor is used
without further qualification, it refers to the design load factor—that is, the planned
average load factor to happen on the busiest segment of the service, or the critical
link, when the system is implemented as discussed in the following paragraphs.

The actual load factors of any BRT system are determined by the frequency of
the vehicles, the capacity of the vehicles, and the demand. In a service plan, the load
factor is easily altered by changing the frequency of the services, changing the vehicle
size, or changing the routes of competing services. Designing services using a lower
load factor than the real capacity of the vehicle is recommended.

While systems with high load factors tend to be more profitable, generally it is
not advisable to plan to operate at a load factor of 100 percent. If designing for 100
percent load, 50 percent or more of the vehicles will be overcrowded, because the dis-
tribution of customers will never be uniform from vehicle to vehicle, but will likely be
some variation within 10 to 20 percent of the design load factor. Even if the vehicles
were at capacity and not overcrowded, the conditions in the vehicle will be uncom-
fortable to customers, as well as create negative consequences for operations. At 100



percent capacity, small system delays or inefficiencies, especially with boarding and
alighting, can lead to severe overcrowding conditions.

The desired load factor may vary between peak and nonpeak periods. In Bo-
gota’s TransMilenio system, typical load factors are 80 percent for peak periods and
70 percent for nonpeak periods. However, as ridership levels increase in Bogota, over-
crowding becomes an increasing concern.

The load factor is unlikely to be uniform for the entirety of a route. Designing
services that maintain high load factors for as much of the route as possible will tend
to improve system performance and efficiency, including its financial performance.

A system’s capacity is considered to be met when the load factor reaches 100
percent at the maximum load on the critical link. Systems can also sometimes operate
at a load factor exceeding 100 percent, but not by much, and such a system would
be considered to be operating at “above capacity.” BRT system capacity is generally
measured by the peak PPHPD. This measurement would be taken at the point of the
maximum load on the critical link.

TransMilenio has a capacity of about 36,000 PPHPD based on its service plan,
but its peak PPHPD has been counted as over 40,000. Such a level implies that cus-
tomers are more closely packed than the maximum recommended levels. This situa-
tion is sometimes known as the “crush capacity.” While such extreme capacities can
be expected in some unusual circumstances (e.g., immediately after special events
such as sporting events or concerts), it is not desirable to regularly overcrowd vehi-
cles.

6.3.9 Service Frequency and Headways

The service frequency refers to the number of times a specific service is offered during
a given time interval. Normally, frequency is expressed per hour, but service frequen-
cies can also be expressed for any time interval, such as: “ten trips per day” or “twenty
trips per three-hour peak period,” or even “a quarter of a trip per minute.” As with
everything else in BRT service planning, frequency of service (existing or planned)
changes throughout the day, but the sizing of the system should be based on the fre-
quency during the peak hour. So, if no further mention is made, frequency means
“the number of services provided in one hour, during the peak.”

The time between two vehicles offering a service, which conveys exactly the
same information as frequency, is known as the “headway.” Headways can be ex-
pressed as, for example: “one trip every two hours” or as “one trip every ninety min-
utes” or “one trip every thirty seconds.” The characteristic of headway measuring is
that time is referenced to one bus trip.

Based on the concept definitions, the below equations are always true (mathe-
matical identities).

Eq. 6.1:

1 1
Freq = m < hdwy = ?eq
Where:
« Freq: Service frequency; that is number of times a specific service is of-
fered during a given time interval,
e hdwy: Service headway, that is time between two vehicles offering a ser-
vice.



The service headway is the inverse of the frequency, but beware of units used
for each one; for example: four buses per hour implies a headway of %4 of hour, i.e., a
headway of fifteen minutes. So the service headway in minutes is calculated as sixty
divided by the frequency in hours and the frequency (in hours) is calculated as sixty
divided by the headway in minutes.

The “minimum frequency” is the frequency that is needed to provide enough
capacity to satisfy the existing demand without the average peak hour bus having a
load factor above a policy-determined norm, usually 85 percent.

When planning services, if the vehicle size has already been determined, and
an acceptable maximum load factor has been determined (normally 85 percent), then
the minimum frequency can be determined based on the following formula:

Eq. 6.2:

MaxLoad
Freq= ——MMMMM——
Vsize * LoadFactor
Where:
« Freq: Service frequency; the number of times a specific service is offered
during a given time interval;

e MaxLoad: Maximum hourly load on the critical link;

Vsize: Vehicle capacity;
« LoadFactor: Percentage of a vehicle’s total capacity that is actually occu-

pied.

For example, if the bus specification has already been determined to have a ca-
pacity of 150 customers per vehicle, and the maximum hourly load on the critical link
is 3,000, and the maximum acceptable load factor is 85 percent, or if:

MaxLoad = 2550;

Vsize = 150;
LoadFactor = 85%

Then:

2550

=—=20
150 x 0.85

And if F = 20, then the headway is % = 3(minutes)

In general, it is desirable to provide frequent services in order to reduce cus-
tomer waiting times. At headways of ten minutes or longer, customers will no longer
have confidence that they can just show up at the station at any time and a bus will
come in a reasonable period of time. With headways longer than 10 minutes, cus-
tomers tend to view the system as a timetable service, which leads to loss of ridership.
In Mexibus corridor III, illegal services operating parallel to the corridor serve most
of the demand in off-peak hours.

In low demand systems where authorities want to promote increased public
transport ridership, they sometimes set frequency based on a policy decision rather
than on the minimum frequency. As very low demand routes are quite common in the
developed world, it is often the case that frequency is set as a matter of policy rather
than as a function of capacity. Services operating at frequencies higher than can be
justified by the demand, however, are likely to contribute to operating deficits.

On a BRT system, a corridor with relatively high frequency should have been
chosen, so the chances are that frequencies will rarely drop below six in any case. But
what appears as high frequency in mixed traffic appears as low frequency on a busway.
A five-minute frequency in mixed traffic is very high; on a busway, it is comparatively
low. A busway with a headway of five minutes will appear empty most of the time
to motorists sitting in traffic congestion. The lower the frequency, the greater the
likelihood that motorists will complain that the road is being underutilized. Such

Figure 6.21. The perception of a relatively empty
busway next to heavily congested mixed-traffic lanes,
as seen in this image of Guangzhou can create politi-
cal pressures. Images /TDP.

Figure 6.22. Despite carrying far more passengers per

lane than a car lane, this busway, in Jakarta, can also
be perceived as empty. /TDP.



complaints can ultimately undermine political support for future busways. In Quito,
pressure from motorist organizations led the national police to open up exclusive
busway corridors to mixed traffic for a period of time in 2006. This was also the case
in Le6n, Mexico in 2008. This conversion occurred despite the fact that each busway
lane was moving three to four times the volume of customers as a mixed traffic lane.
Nevertheless, the perception of an empty busway next to heavily congested mixed-
traffic lanes can create political difficulties. A similar political battle has been fought
over the BRT corridor in Indore, India.

On the other hand, if headways are very low, and frequency is very high, con-
gestion at the station and service irregularity become a risk. Figure 6.23 illustrates
the relationship between service frequency and congestion.

Service irregularity (bus bunching) is an even greater risk with higher frequency.

L =]
For these reasons, it is usually advisable to split a service into two distinct services s T
(for example, one limited and one express) if the frequency rises above 30 vehicles i .

§

per hour. i \\

, N,
6.3.10 Dwell Time R T W T T
One of the main aims of BRT system design and service planning is to reduce the delay Figure 6.23. Service frequency and the potential

impact on vehicle speed at a station with no passing

caused by vehicles slowing down to stop at stations, allowing the customers to board lanes. Graph Steer Davies Gleave.

and alight, and then to accelerate to a free-flow speed. The entirety of this delay is
known as “total dwell time,” or Td, in this chapter’s equations.

The dwell time consists of two separate types of delay: “fixed dwell time” (7p)
and “variable dwell time.” In BRT system planning, it is critical to keep these two
causes of delay distinct, because different decisions will affect different types of dwell
time. Fixed dwell time, also called “dead time,” is the time consumed by a vehi-
cle slowing down on approaching a station, opening its doors (and after a variable
dwell time for boarding and alighting), closing its doors, and then regaining free-flow
speed. This delay is called fixed dwell time because it does not vary with the number
of customers boarding and alighting at each stop, and it does not vary much between
stops in a system. The only way to reduce fixed dwell time is to remove stopping at
particular stations in the service design, by offering express or limited stop services
or eliminating the stop from the system.

In some countries, it is more typical to model fixed dwell time as only the time
at the station when a bus is opening and closing its doors, and the time consumed
accelerating and decelerating on the approach to the stop is modeled as a reduction
in the link speed between station stops. It is important to keep in mind that this
guide, when it talks of fixed dwell time, refers to both.

Variable dwell time consists of customer boarding time (7},) and alighting time
(T,). Because it varies with the number of customers boarding and alighting at a
given station, it is called “variable dwell time,” (T3, + T4, or maxz(Ta, 1)) depending
on the vehicle/system configuration).

Many key elements of BRT that are recognized by The BRT Standard are mea-
sures that will tend to reduce variable dwell time, such as:

e Number of vehicle doorways;

« Width of vehicle doorways;

¢ Level boarding;

 Fare collection outside the vehicle.

BRT systems are able to operate metro-like service in large part due to the ability
to reduce dwell time per customer from an average of five or six seconds per passenger
for a typical bus service to only 0.3 seconds per customer on a Gold Standard BRT.



6.3.11 Renovation Factor

The renovation factor (Ren) is total demand of a bus route divided by the load on the
critical link of that route (note that operators customarily use the vehicle capacity
instead of load on the critical link). It is the multiplier used to convert the number of
customers that one would observe travelling on a route at the critical link (for exam-
ple, in a vehicle occupancy survey) into the total number of customers on the route.
Higher renovation factors are seen when there are many short trips along the line;
corridors with very high renovation factor rates are more profitable because the same
number of total paying customers is handled with fewer vehicles. For example, the
Insurgentes corridor in Mexico City has a recorded renovation factor of five, which
means that there are five times more people getting on and off the vehicle as there
are people on the vehicle at the most loaded time.

Corridors with very high renovation factors meet higher demand more easily
than corridors with low renovation factors, simply because more people are getting on
and off vehicles along the corridor after shorter rides, so more people can be served.

Eq. 6.3:

Renyoute = A
MaxLoadroute
Where:

e Renyoute: Renovation factor of a route;

e Droute: Route demand (in passengers);

o MaxLoadoute: Route demand on the critical link.

6.3.12 Irregularity Index (lIrr)

The irregularity index is a number that expresses the reliability of actual headways
against scheduled headways. An irregularity index of one means that the vehicles
are arriving at completely random times, and an irregularity index of zero means that
vehicles are arriving precisely when they are scheduled. It is measured as:

Eq. 6.4:

I — Variance of the headway
"~ Scheduled headway?

Where:
e Irr: Irregularity index, the measure of the variance between the actual
headways and the scheduled headways;
e Variance of the headway: Amount that the headways are spread out;
e Scheduled,extheadway: Average waiting time between vehicles.

Variance of the headway is statistically defined as the expected value of the
squared deviation from the mean headway. When calculating it from a sample it
would be equal to the sum of the square of the differences between each observed
headway and the average headway divided by the number of observations minus one,

given by:
Eq. 6.5:
MNobs (hdwy, — hd 2
Zi:l ( WY, Wyaverage)
Vhdwy =
N obs — 1
Where:

* Vidwy: Variance of the headway, expected value of the squared deviation
from the mean headway;

e Nyps: Number of observed headways;

* hdwy,: Observed headway for “i”;

* hdwy,yerage: Average headway, average waiting time between vehicles =

scheduled headway.



The average headway will generally be equal to the scheduled headway, un-
less fewer trips than scheduled regularly occur. Consider the extreme case where we
should have one bus every twenty minutes every hour during ten hours, which would
be thirty buses throughout the day (or three buses per hour for ten hours), and imag-
ine that the first bus was on time and the other twenty-nine arrive one after another
in the last half hour of the tenth hour. The headway of the first bus would be 571 min-
utes and the other 29 would be 1 minute, so on average the headway would still be 20
minutes per bus (600 minutes divided by 30 buses). Without an operational control
system, empirical observation indicates that under many conditions, the irregularity
index is around 0.3.

6.3.13 Cycle Time-Related Concepts: Cycle Time (TC) and Maximum
Demand Load per Cycle Time (MaxLoadperCycle)

Assuming that a vehicle will keep repeating a service (in both directions, or as a cir-
cular route), cycle time is the amount of time that it takes for a bus to travel the entire
length of its route, in both directions, and be ready to begin a second circuit, including
any time waiting and reversing direction at the end points. It is extremely important
to know the cycle time per route for service planning. If a cycle time is short, the
same bus can rapidly come back to the beginning of the route and take a second load
of customers. If the cycle time is long, additional buses will be needed. Knowing the
cycle time is therefore necessary for determining the required fleet.

When proposing an initial service plan, one should already have the existing
route travel times in mixed traffic. In order to estimate the cycle time for the pro-
posed routes, one must replace the travel time inside the BRT structure assuming a
typical speed (say 20 kph if the corridor is in a dense downtown area, or 29 kph if it is
on a limited-access high-speed arterial with few intersections). In the next chapter,
methods of calculating more refined projected speeds will be presented, but for this
chapter, these baseline speeds will be assumed for inside the BRT trunk operations.

It should be noted that drivers must have some rest time at the end of the route;
in short routes this can be done once per cycle. Even if it would be possible to reduce
the time to turn the vehicle by changing drivers, the practice is to have the driver
always using the same vehicle, which eases operations management and fleet main-
tenance as well as improving the quality of driving.

Once the cycle time is estimated for each planned service, it is possible to es-
timate the Maximum Demand Load per Cycle Time (MaxLoadperCycle). This is the
number of customers that are likely to accumulate over the course of the cycle time
expecting to cross the critical link of the route. In other words, how many customers
will accumulate for a specific route at the critical link over a time period equal to the
cycle time? This figure, which can be calculated from the surveys of existing routes,
is critical in several calculations in service planning. This figure is basically the same
thing as the number of customer places that need to be serviced with vehicles, and
is sometimes identified as “passenger places served.” It can be thought of as the size
of the vehicle that would be needed if only one vehicle were used to service the peak
hour demand.

For planning purposes, it is critical to know the peak load demand on a typical
day over the course of a single cycle time (also during the peak period). If demand is
reasonably constant throughout the day, and one can assume that hourly MaxLoad is
constant, then MaxLoadperCycle would be estimated by:

Eq. 6.6a:

MaxLoadperCycle = MaxLoad * TC

Where:

» MaxLoadperCycle: Maximum demand load per cycle time;



e MaxLoad: Maximum hourly load on the critical link;
e TC: Cycle time in hours.

However, demand is rarely constant before and after the peak hour, nor even
during the peak hour. If demand is at its peak, then the maximum demand load per
cycle time will appear higher for an increment of time shorter than an hour than if it
is averaged over an hour. For a cycle time longer than an hour, the maximum demand
load for the cycle time will appear to be lower than for the peak hour because it is
being averaged over a longer period of time during which the demand has already
fallen. The more demand is peaked, the greater the distortion.

Therefore, to be more accurate, one has to apply a correction factor:

 Increases demand if the cycle time is shorter than one hour;
» Decreases demand if the cycle time is longer than one hour.

One way to apply such a correction is using the formula below:

Eq. 6.6b with “peak hour to cycle correction factor” (PHtoCC):

MaxLoadperCycle = MaxLoad * T'C x [1 — PHtoCC * (TC — 1)]

Where:
« PHtoCC: Nonnegative correction factor, the calibration of which is based
on survey data, is discussed in Box 6.2. The usual value is near 0.1;

- If TCis larger than one hour: correction 1 — PHtoCCx* (TC — 1)
will result smaller than one;

— If TCis smaller than one hour: correction 1 —PHtoCCx(TC—1)
will result larger than one;

- If TCis equal one hour: correction 1 — PHtoCC * (TC — 1) will
result in one;

- If PHtoCC is equal zero, there will be no correction, and the
formula is equal to the previous formula.

6.3.14 Waiting Time (Twait) and Waiting Time Cost (Costwait)

Throughout this chapter it will be necessary to compare the relative costs and benefits
of different service planning scenarios. One of the most important costs to consider
in service planning is the cost of time spent waiting by customers.

Assuming customers arrive randomly at a bus stop, the average waiting time for
a customer is only half of the observed headway of the route. Hence, the wait time per
customer is the headway multiplied by 0.5, plus a little extra if there is irregularity in
the actual headways from scheduled service (Irr). The equation below expresses this,
replacing headway with frequency (its inverse value).

Eq. 6.7:

Trwait = 0.5 % (1 + Irrroute) * hdwy = 0.5+ (1 + IrTroute)
Freq
Where:
e Tyait: Time spent waiting per customer;
e Irr: Irregularity index; measure of the variance between the actual head-
ways and the scheduled headways (usually near 0.3, see Section 6.3.9);
e hdwy: Route Headway;

¢ Freq: Route Frequency.



The cost of waiting (Cost,,;;) is defined as the amount an average customer
would spend to avoid waiting for a vehicle, it is measured in currency per unit of
time—for example: “5 Rp. per minute” and “6 US$ per hour”—and is calculated as a
fraction of customer income. Costwait varies depending on a city’s income and pro-
clivity, but typically, people value their time at about one-third of the average wage
rate, and are willing to pay twice as much to avoid waiting for a vehicle (i.e., 66 percent
of the average user wage).

Customers do not like to wait for a vehicle. If the demand of a given route pro-
posed on a service plan is known (initially it can be approximated by using the de-
mand on a similar existing route), the total waiting cost caused by a route is the sum
of the cost of waiting time imposed on all its customers (assuming for now that this
is captive demand), then multiplied by their value of waiting time:

Eq. 6.8a:

WaitCostroute = Droute * COStyair * Twait

Where:
o WaitCostreyte: Total waiting time cost for the users of the route (in US$);
e Droute: Route demand (in passengers);
o Costy,jt: Average user waiting cost ($/time);
o Tyait: Average user waiting time (time/passenger).
This is the total cost of waiting faced by all the customers on a particular route
during the peak hour. The average value of waiting as defined is the same all day.
The Droute formula for estimating the cost of waiting on the route would be more
usefully expressed as a function of the maximum load on the critical link and of the
route frequency because normally one has a sense of where the most crowded link
on a public transport route is, and one can count the number of buses per hour, and
estimate their occupancy from vehicle frequency and occupancy counts. One might
know the total ridership on one route, but not all of them, so one can estimate the
total demand on the corridor for all the routes by using an average renovation rate on
the corridor. To do this, the formula can be rewritten as follows:
Eq. 6.3 can be rewritten:
Droute

Renroute = ——————— < Droute = MaxLoadroute * ReNroute
MaxLoadroute

This is simply true by definition. Remember that the renovation rate of the route
is by definition the total demand on the route divided by the maximum load on the
critical link, or that the demand on the route is a function of the maximum load on
the critical link multiplied by the renovation rate.

We can then replace Droute and Twait from Equation 6.2 and Equation 6.6 in
Equation 6.7, so that we have:

Eq. 6.8b:
WaitCostroute = Droute * COStyait * Tyait
. MaxLoad * Ren, # COStyqir * 0.5 % (1 + Irr
WaitCostroute = route route wait (1 + Irrroute)
Freqroute
Where:

* WaitCostroute = Total waiting time cost generated to the route users (now
in $/hour because instead of giving Droute absolute value in passengers,
it is being given in passengers/hour);

e Renyoute: Renovation factor of a route;

¢ MaxLoadroute: Route demand on the critical link (now in passengers/
hour or “pax” per hour);

o Costy,jt: Average user waiting cost ($/time);



 Irrroute: Irregularity index of the route; measure of the variance between
the actual headways and the scheduled headways (usually near 0.3, see
Section 6.3.9);

e Freq,,ut: Frequency of the route (vehicles/time).

6.3.15 Vehicle Operating Cost

Often, in service planning, the costs of waiting for customers, which is a function of
the frequency and regularity of service, will need to be balanced against the cost of
operating more vehicles. As the costs of waiting have been calculated for the peak
hour above, to make a valid comparison the vehicle operating costs should also be
derived per hour. The formulas below can be used to estimate cost per bus (Costbus)
and the fixed cost per bus (BusFixedCost or Costbus-fixed). Vehicle operating cost per
hour is simply the total cost of operating a vehicle divided by the number of hours a
vehicle is in service.

The fixed operating cost of a vehicle is the part of the vehicle operating cost
that does not depend of the number of customers carried nor the size of the vehicle.
It can be thought of as the cost operators would incur if they put a second vehicle in
operation, but that vehicle never opened its doors and always ran empty. It is mostly
the cost of the driver, but also the minimum cost in terms of fuel and maintenance that
any vehicle would incur regardless of its size. This figure is important to calculating
the optimal fleet size. This part of the cost exists whether one is expressing the costs
per route, per vehicle, per vehicle hour, or per vehicle kilometer.

To calculate the total fixed operational cost for a route, simply multiply the fixed
operating cost per vehicle times the total fleet needed to service that route, or:

Eq. 6.9:

RouteFixedCost = BusFixedCost * Fleetyoute

Where:

» RouteFixedCost: Total fixed operational cost for the route;

« BusFixedCost: Fixed operating costs per vehicle;

 Fleetoute: Number of buses needed to operate the route.

Total operating cost per vehicle goes down when a stop is removed, as the speed

of the vehicles increases. As such, total vehicle operating costs are used in Section 6.7
on limited stop services. When optimizing the size of the vehicle, as in Section 6.4,
as well as when comparing direct against trunk-and-feeder services in Section 6.6, it
is only the fixed costs of vehicle operation that need to be known because it will be
necessary to determine the benefits of using larger vehicles, and what is eliminated
by using larger vehicles is the cost of the vehicle that does not go up proportionally
with the size of the vehicle. It can be calculated by simply calculating the hourly op-
erating cost of the smallest vehicle in the fleet. Typically, this ranges from US$10 to
US$100 per bus hour. It will vary from country to country, but not much from city to
city, so it only needs to be calculated once in a given city or country. The BusFixed-
Costs value consists of a list of average costs per vehicle. Fixed maintenance and fuel
costs, which are likely to vary somewhat by vehicle size, should be calculated for the
smallest vehicle being considered, and any additional costs for these will be included
in variable costs. In most of this chapter one should use a common CoStyys_fixeq Value
of US$30 per vehicle hour.



6.4 Optimizing Vehicle Size and Fleet Size

The approach to service planning laid out in this guide generally assumes that the
system operators can and will adjust the number of vehicles they operate per route,
and the size of the vehicles used on each route, to best serve the demand on each
route.

This section covers some basic formulas needed to calculate the vehicle fleet
and optimal vehicle size. These are two critical considerations when making service
planning decisions, so they are covered first. The two decisions have to be made at
the same time, since the larger the vehicle, the smaller the fleet. The process of op-
timizing vehicle size and fleet size is an iterative one.

Selecting an appropriate vehicle size requires balancing the operational cost
savings of larger vehicles with the social costs of customers having to wait longer for
the next vehicle. There are returns to scale with larger vehicles; the cost per customer
served tends to fall with size. Drivers usually represent a disproportionate share of
vehicle operating costs, and as the number of drivers is generally fixed and does not
change with vehicle size, the cost of the driver relative to the total customers tends
to fall the larger the vehicle.

On the other hand, larger vehicles also directly translate into lower frequency,
and lower frequency means longer waiting times. Therefore, the costs of these two
effects need to be measured in specific conditions when selecting an optimal vehicle
size.

Given the goal of having the lowest possible costs using the design load factor,
if the vehicle size has been decided (there are only a limited number of options), and
the route has been decided and its demand estimated, then the fleet size can be easily
calculated. The fleet size is calculated based on the number of vehicles needed to
serve the maximum customer load on the highest demand section of the corridor
during the peak time, as is explained in detail below.

6.4.1 Vehicle Sizing, Basic Concepts

Vehicle types for BRT systems are not infinite, and for vehicles to operate inside a
BRT corridor, there is rarely such low demand that a vehicle smaller than nine meters
is ever likely to make sense. While new models are being launched in this market,
manufacturers do not make an infinite number of vehicle sizes that are compatible
with BRT infrastructure, so in general the range of vehicle options is limited to those
listed in Table 6.6.

Table 6.6. Range of BRT Vehicle Options

Type Vehicle Length (meters) Capacity (customers)
Minibus 9 60

Bus 12 90

Articulated 18 150

Bi-Articulated 25 220

In practice, the number of systems that use 9 meter or bi-articulated buses is
quite limited. Most BRT systems use either 12-meter buses or 18-meter articulated
buses. Bi-articulated buses are very expensive, generally double the cost of an ar-
ticulated bus, and their primary use is in corridors with very high demand with very
limited road space. They were first introduced in Curitiba by Volvo, and since then
some are also in use in Mexico City on the Insurgentes Corridor, in TransMilenio in
Bogot4, and in Istanbul. A few new BRT systems are planning to use 9-meter buses,
but so far none are operational.



Note that the relationship between the vehicle length and the vehicle capacity is
roughly the length (in meters) minus three (meters for the driver/engine/stairs, etc.)
times 10 (or 10 customers per meter of operable bus length), or:

Eq. 6.10:

Vsize = (VLength_S) * 10

Where:
* Vgise: Vehicle capacity in passengers (also written “pax”);
* Viengm: Vehicle length in meters.

At the early stages of planning BRT services, one generally looks at the highest
demand routes currently using the planned BRT corridor, and measures the maximum
load on the critical link, i.e., the highest demand segment during the peak period.

The vehicle capacity (VSize) should be roughly equal to the maximum hourly
load per route on the critical link (MaxLoad) divided by the frequency (Freq), or:

Eq. 6.11a:

MaxLoad
VSite = Freq « LoadFactor
q
Where:
e Vgise: Vehicle capacity;
e MaxLoad: Maximum hourly load on the critical link;
¢ Freq: Frequency;
e LoadFactor: Design load factor (usually 0.85).
This becomes clear by seeing the impact that vehicle size has on frequency:

Eq. 6.11b:

MaxLoad
Freqq= ——————
Vsize * LoadFactor
Or a third format as follows:

Eq. 6.11c:

Freq * Vg;,e * LoadFactor = MaxLoad

As examples of capacity:
« To serve 4,500 passengers (per hour per direction) on the critical link, a
corridor may have:
- 50 buses (per hour) capable of carrying 90 passengers each; or
- 30 buses (per hour) capable of carrying 150 passengers each;
or
- 18 buses (per hour) capable of carrying 250 passengers each.
« To serve 900 passengers (per hour), a corridor may have:
- 10 buses (per hour) serving 90 passengers each;
- 6 buses (per hour) serving 150 passengers each.



6.4.2 Vehicle Sizing, Initial Iteration

For reasons that will be explained in greater detail below, it is generally optimal to
have a frequency set at about twenty-two vehicles per hour per route, as this tends to
minimize the irregularity with which vehicle services operate while also minimizing
waiting time. Once the frequency is above thirty or so, irregularity becomes a se-
rious problem. At that point, it is generally advisable to introduce additional routes
(i.e., limited stop routes, or routes serving other off-corridor destinations) rather than
simply continuing to increase frequency or procuring larger and larger vehicles.

Since the BRT-compatible vehicle options are fairly limited, and generally the
MaxLoad is known on existing bus routes from frequency and occupancy counts, it is
sufficient as a starting point to use that maximum hourly load to determine vehicle
size needed for each route. If the existing public transport routes’ maximum load is
known, some estimate of what demand will be like in ten years needs to be made,
as the vehicle is likely to last ten years. A reasonably secure methodology is to dou-
ble existing ridership on the route, and divide by twenty-two vehicles per hour (an
optimal frequency).

Vehicle size can be determined by taking a given maximum load and dividing it
by anideal frequency of twenty-two vehicles per hour (Eq. 6.11a applied to the route):

Eq. 6.11d:

MaxLoadroyte

VSizemute =
Freq,qyte * LoadFactorroute

Where:
e VSizeroute: Vehicle serving the route capacity;
e MaxLoadroute: Route demand on the critical link;
» Freqroute: Frequency of the route (ideal frequency suggested of 22 vehi-
cles per hour);
e LoadFactor: Design load factor (usually 0.85).

Using that formula as a preliminary first pass, Table 6.7 shows that, with a max-
imum load greater than 3,500 existing customers per route, and a maximum 10-year
estimated future load of 7,000, a frequency of 22 vehicles per hour, and a load factor
of 0.85, the route should be separated into separate routes. If the maximum load on
the critical link of a BRT route is currently between 1,500 and 3,000, bi-articulated
buses can be used, but splitting the route should also be considered, as bi-articulated
buses are expensive to purchase and maintain. For current loads between 1,000 and
1,500, articulated buses should be considered. Most BRT systems have more than one
route per BRT corridor.

Table 6.7. Bus Size by Varying MaxLoad per Route Using the Ideal Frequency of Twenty-
Two Vehicles per Hour: First Iteration for Bus Sizing

ExistingMax Load Future Max Load Optimal Size Proposal

3500 7000 374 Split the route
3250 6500 348 Split the route
3000 6000 321 Split the route
2750 5500 294 Split the route
2500 5000 267 Split the route
2250 4500 241 Split the route
2000 4000 214 Bi-articulated or split route
1750 3500 187 Bi-articulated or split route

1500 3000 160 Bi-articulated or split route



1250 2500 134 Articulated

1000 2000 107 Articulated
750 1500 80 12 meter bus
500 1000 53 9 meter bus
250 500 27 9 meter bus

This very initial estimate takes into consideration the need to minimize irreg-
ularity, but it does not consider the more critical element in bus size optimization,
namely the relative costs of waiting (which will be higher for larger buses operating
at lower frequencies) and the fixed cost of vehicle operation (which will be lower per
customer for larger vehicles). Final vehicle size optimization will need to weigh these
relative costs before finalizing the size.

This should only be a first iteration of vehicle size optimization. These pre-
liminary vehicle-capacity figures can be used to calculate the necessary fleet, before
returning to a more detailed methodology of calculating the optimal vehicle size.

6.4.3 Detailed Vehicle Size Optimization

Further along in the planning process, when the design team already has a general
idea of the sorts of services that will operate and their likely maximum loads at the
critical link should have been developed, the following approach gives a more refined
methodology for calculating the optimal vehicle size. This approach initially assumes
there is no limitation to the size of vehicles available, that limitation will be consid-
ered in the application examples.

Put another way, vehicle capacity should be set where the cost of waiting faced v fo) | R SR iy
by the users of that route (WaitCost) added to the fixed operating costs (FixedCost) of
the route are minimized.

The total wait cost for a route (WaitCostroute) can be written as a function of bus

capacity (VSize), by replacing Equation 6.11a:
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Vaive = Max—Load Figure 6.24. The social cost of waiting (blue line)
Size Freq * LoadFactor increases and operational costs (red line) decrease
as bus size increases. The trick is to balance the two
with Eq. 6.2 to find the optimum where the sum of costs is mini-
mized. Image Elebeta.
MaxLoad
Freq =

Vsize * LoadFactor

Resulting in Eq. 6.12:

MaxLoadroute * ReNyoute * COStyair * 0.5 * (1 + IT7route)

( MaxLoadoyte )
LoadFactor=VSize

WaitCostroute =

WaitCostroute = ReNroute * COStygit * 0.5 * (1 + Irrroute) * LoadFactor = VSize

Where:
« WaitCostRoute: Total waiting time cost generated to the route users (in
$;
e MaxLoadroute: Route demand on the critical link;

Renroute: Renovation factor of the route;
« Costwait Average user waiting cost ($/time);

Irrroute: Irregularity index of the route; measure of the variance between
the actual headways and the scheduled headways (usually near 0.3, see
Section 6.3.9);

o Freq,,ue: Frequency of the route;

Vsize: Vehicle capacity;
e MaxLoad: Maximum hourly load on the critical link;



« LoadFactor: Design load factor (usually 0.85).

This shows that the cost to the customer rises as frequency falls. Hence, from
the customer’s perspective, the larger the vehicle, the more time he or she has to
spend waiting for it. On a high-demand corridor, there is usually high frequency, and
the wait will be short, but there will be many more customers suffering the wait.

Assuming the other values are known (and they are estimated once a service
plan is proposed), this can be expressed as:

Eq. 6.13

WaitCostroute = A * V Size

Where:
« WaitCostRoute: Total waiting time cost to the route users (in $);
e Vgize: Vehicle capacity;
e A: Known constant value

A = Renyoute * CoStyyir * 0.5 * (1 + Irrroute) * LoadFactor

At the same time, fixed operating costs do not vary with vehicle size: the cost of
the driver; the cost of the bus company’s overhead, the minimum cost of fueling any
vehicle, and maintaining any vehicle no matter its size.

So the total fixed costs of a route operation are only a function of the route fleet
(as proposed in Equation 6.9:

RouteFixedCost = BusFixedCost * Fleetyoute

The route fleet (the number of vehicles needed to serve a route) is, in turn, dependent
on the vehicle capacity (VSize) according to the following:
Eq. 6.14:

MaxLoadperCycle, e
VSize * LoadFactor

Fleetoute =

Where:

e Fleetoute: Number of vehicles needed to serve the route;

e VSizeroute: Vehicle serving the route capacity;

« MaxLoadperCycleroute: Maximum demand across the critical segment of
the route that will accumulate for the duration of one cycle during the
busiest moment of the typical day (see Subsection 6.3.13);

* Freq,qute: Frequency of the route (ideal frequency suggested of 22 vehicles
per hour);

e LoadFactor: Design load factor (usually 0.85).

In one extreme, if the route operated with a vehicle as large as the demand will-
ing to cross the critical segment of the route that would be waiting for the duration
of one cycle, only one vehicle would be needed.

As the vehicle operating on the route is smaller, the necessary fleet to carry all
these customers will be larger, and so the fixed costs will be higher.

If we apply Equation 6.14 in Equation 6.11a we have:

BusFixedCost * MaxLoadperCycle, .
VSize x LoadFactor
Assuming the other values are known (and they are estimated once a service plan is

FixedCostroute =

proposed), this can be expressed as:
Eq. 6.15:

B

FixedCost = —
roue = yiSize

Where:

» FixedCostroutei: Total fixed operating cost for the route (in $/hour);



e VSizeoute: Vehicle serving the route capacity;
« B: Known constant value:

route

B BusFixedCost * MaxLoadperCycle
LoadFactor
The graph in Figure 6.24 simply shows that the total social cost of waiting (the blue
line) rises in direct linear proportion to the vehicle capacity, while the total fixed
operational cost falls with vehicle capacity. The minimum total cost will be where Cw
total (1 hour) = Cf total (1 hour).
The vehicle size that minimizes the cost of waiting imposed on the users (Wait-
Cost) added to the fixed operating costs (FixedCost) to a given planned route is a ve-
hicle size where FixedCost and WaitCost are equal.

d(WaitCostroute + FixedCostroute)  d(A * VSize + %> —A B
d(VSize) N d(V Size) B VSize?

B B B [B
A— =0 A= < VSize? = = < VSize =/ —
VSize? VSize? A A

The vehicle capacity (VSize) that provides minimal added cost will result in:

B A2 %« B
WaitCostroute = A * VSize = A x ,/Z = \/T —vVAxB
B B B Vi 52
FixedCostroute = ——— = —— = 7(7"‘) — |2 _JA+B
VSize \/E B \/E B
A a2 \Va

The optimal size is one where the waiting costs imposed on the last set of users from

=0

reducing the frequency is precisely equal to the benefits to the vehicle operator in
terms of reduced operating costs of using a slightly larger vehicle. Any movement
away from this point, and the total cost of customers waiting, plus operating costs,
will be higher.

Therefore, optimal vehicle capacity (VSizeqptimum) iS:

BusFixedCost+MaxLoadperCycle o
VSize i _ E _ LoadFactor
optimum TS 4 Renyoute * CoStiygit * 0.5 * (1 + Irrroute * LoadFactor

Eq. 6.16a:

BusFixedCost « MaxLoadperCycle ;o
Renyoute * Costwait = 0.5(1 + I77route

VSizegptimum * LoadFactor = \/

Where:
* VSizegptimum: Optimal size of vehicle to serve the route capacity;
» BusFixedCost: Total fixed operating cost for the route (in $/hour);
» MaxLoadperCycle, .: Maximum demand across the critical segment of
the route that will accumulate for the duration of one cycle during the
busiest moment of the typical day (see Subsection 6.3.13);

LoadFactor: Design load factor (usually 0.85);

Renroute: Renovation factor of the route;

Costwait Average user waiting cost ($/time);

Irrroute: Irregularity index of the route; measure of the variance between
the actual headways and the scheduled headways (usually near 0.3, see
Section 6.3.9);



6.4.4 Vehicle Size Optimization Formula Applied

The following variables in Table 6.8 will be relatively constant, so the data can be
collected either at the corridor level (Ren, Irr) or citywide (Costwait, BusFixedCost)
and only needs to be done once. Below is some reasonable sample data, and because
these tend to be consistent citywide, they can be turned into constants, except for
the renovation rate, which needs to be calculated per corridor and is not consistent
citywide.

Table 6.8. Sample Data Used for Examples

Variable Symbol Value Unit

Fixed operating cost per bus BusFixedCost 30 $/bus/hour

Waiting cost per passenger Cost_Wait 12 $12/passenger/
hour

Renovation factor on the corridor Ren_route 15

Irregularity Index on the corridor Irr_route 0.3

For this purpose, we can write Equation 6.16 as follows:
Eq. 6.16b:

BusFixedCost « MaxLoadperCycle o
eNcorridor * Costwait * 0.5 % (1 + Irrejry)

VSizegptimum * LoadFactor = \/

VSizegptimum * LoadFactor = /K A « MaxLoadperCycle

Where:

_ BusFixedCost
s KA= Ren g prigor *Costwait0.5% (141 rrroute )

Using the data from the table and applying it to Equation 6.16, then:

T 15%12%x1+0.3%0.5

In other words, so long as the basic information about fixed costs, the renovation rate,

KA 2.56

the irregularity rate, the cost of waiting, and so forth are all calculated for the corridor,
the difference in the vehicle size for each route will be a function of the difference in
the maximum load over the course of a cycle time under each scenario, or put another
way, the number of customer places (P1) that the vehicles need to serve.

In applying this to Equation 6.16, then:

VSizegptimum = LoadFactor = MaxLoadperCycle, ., * 2.56

In this way, the optimum vehicle capacity is simply a function of the demand over the
course of the route’s cycle time that needs to be served under each scenario, times
a constant, this of course must be divided by design load factor. Some examples of
an application of this formula are shown in Table 6.9, where each row represents a
different scenario.

For expediency in the examples below in Table 6.9, approximate values for MaxLoad-
perCycle are assumed rather than determining the actual value across multiple cycle
times. A peak hour correction factor (PHtoCC) of 0.1 is also assumed, which is rela-
tively typical. Other values are given in Table 6.9.

Using Equation 6.11 and the values in Table 6.9, optimal vehicle size (Cboptimum)
can be solved for, as shown in the last column of Table 6.9.

Eq. 6.17

MaxLoadperCycle = MaxLoad # T'C' x [1 — PHtoCC x (TC — 1)]

Where:
« MaxLoadperCycle: Maximum demand load per cycle time;



e MaxLoad: Maximum hourly load on the critical link;

e TC: Cycle time in hours.

« PHtoCC: Nonnegative correction factor, the calibration of which is based
on survey data, is discussed in Box 6.2.

Table 6.9. Examples of Optimum Vehicle Size Derived from the Sample Data

MaxLoad TC PHtoCC MaxLoadperCycle Size*LoadFactor
pass/h hours passengers passengers
20 0.25 0.1 5 4

200 0.25 0.1 49 11

2,000 0.25 0.1 488 35

20 1 0.1 18 7

200 1 0.1 180 21

2,000 1 0.1 1,800 68

8,000 1 0.1 7,200 136

20 4 0.1 48 11

200 4 0.1 480 35

2,000 4 0.1 4,800 111

8,000 4 0.1 19,200 222

On this very wide range of maximum hourly loads and cycle times, optimum
size assuming load factor equal to 1.0, varies from a car to a bi-articulated vehicle. If
the optimal vehicle size (VSizeptimum) is four, in most cases the demand is too low to
justify the procurement costs of special new BRT vehicles, and such small vehicles do
not come in BRT-compatible forms, so are likely to congest the BRT corridor. Hence,
this route would simply be excluded from the proposed BRT services, or turned into
a feeder route for the BRT corridor. As BRT vehicle options are not actually infinite,
once the optimal vehicle capacity is identified using the formula, VSizeoptimum will
need to be set by rounding up to the nearest vehicle suitable for the BRT services and
design load factor.

Table 6.10. Examples for Determining Optimum Vehicle Size

MaxLoad TC PHtoCC MaxLoadperCycle Size*LoadFactor
pass/h hours passengers passengers
20 0.25 0.1 5 Cut route
200 0.25 0.1 49 Cut route
2,000 0.25 0.1 488 60

20 1 0.1 18 Cut route
200 1 0.1 180 60

2,000 1 0.1 1,800 90

8,000 1 0.1 7,200 150

20 4 0.1 48 Cut route
200 4 0.1 480 60

2,000 4 0.1 4,800 150



8,000 4 0.1 19,200 220

6.4.5 Vehicle Fleet Optimization

One of the key purposes of developing a service plan is to know how many vehicles
will need to be purchased. The factors involved in determining the operational size
of the vehicle fleet include:
e Maximum hourly load on the critical link of a corridor (MaxLoad);
« Total cycle time (TC);
« Capacity of the vehicle (VSize);
e The degree to which demand is peaked (usually measured by a peak hour
to cycle time correction factor, or PHtoCC as explained below);
« The need for a reserve fleet.
Areserve fleet needs to be added to the total fleet size, as vehicles will need to be
serviced either preventatively or because they have broken down. As a rule, a reserve
fleet is about 10 percent of the actual fleet needed to provide the service, although it

can be lower than that.

6.4.5.1 Vehicle Fleet Calculation with Uniform Demand

As a first estimate of the fleet needed to provide a new BRT service, the maximum
load on the critical link of the existing bus routes currently using the BRT corridor
during the peak hour should be calculated. The existing bus route lengths and cycle
times also need to be calculated. This can usually be done at low cost with a GPS.
From this information it is possible to estimate the current needed fleet.

Eq. 6.18

Fleetyoue — Ma.leoadroute -TC
VSize - LoadFactor
Where:
 Fleetyoute: Number of buses needed to serve the route;
e VSizeroute: Vehicle serving the route capacity;
» MaxLoadroute :Maximum demand across the critical segment of the route
that will accumulate for the duration of one hour, here is assumed con-
stant;
e TC: Cycle time in hours;
* Freq, e :Frequency of the route;
» LoadFactor: Design load factor (usually 0.85);
To provide an example, assume the following:
o MaxLoadroute = 224;
e TC = 2hours
e VSize = 72;
» Load Factor = 0.85;
Fleet = 222%2 _ 749
72 % 0.85
If the formula produces a fraction, round up to the next integer, since vehicles have
to be procured in units of one. So, in this scenario, the result is eight vehicles.

Once other service planning decisions have been made, and the route structure
has been optimized and the vehicle size has been optimized, and future demand for
this specific service scenario has been modelled, the fleet required for the new services
should then again be calculated using this formula.

To explain this formula, begin with cycle time. If the total round-trip cycle time
for the vehicle is two hours, at the end of one hour, the first vehicle will still have
an hour to go before it can reach the beginning of the route and pick up a second
load of customers. Since demand is uniform in this example, there will be the same



number of customers on the critical link needing service in the second hour as during
the first hour. As such, having a cycle time of two hours means that vehicles that
travelled during the first hour will not be back to pick up customers on the critical
link in the second hour. They will only just be starting their return trip. Thus, a
second set of vehicles will be needed to serve the same demand on the critical link
during the second hour while the first set of vehicles is returning. This is why one
should multiply the MaxLoad by the cycle time. In this scenario, it is as if the number
of customers is doubled.

If the cycle time were one, however, the same vehicle could return to the starting
position after one hour to take the second hour of customers. Therefore, the same
fleet can serve the demand on the critical link each hour (and in this scenario, the
demand is the same each hour). Thus, cutting the cycle time to one cuts the needed
fleet in half:

o MaxLoadroute = 224;
e TC = lhour
e VSize = 72;
e Load Factor = 0.85;

As the fleet has to be rounded up to the nearest integer, it would be four vehicles.
For this reason deadheading, or running some buses in the contra-peak direc-
tion without customers, can reduce the total cycle time, and hence the fleet needed.
The size of the vehicle (VSize) is also important. Bigger vehicles can move the
same number of customers with a smaller fleet. In the example above with a cycle
time of two hours, if an articulated vehicle is used that can hold 180 customers, only
three vehicles are needed:
o MaxLoadroute = 224;
e TC = 2hours
¢ VSize = 180;
e Load Factor = 0.85;
Fleet = & = 2.923
180 * 0.85
By increasing the vehicle size, the required fleet size decreases. This means fewer
vehicles are required, but the result is that the frequency is lower, and customers will
wait longer. Similarly, by decreasing the vehicle size, a larger fleet is needed, but

frequency increases, and customers will not have to wait as long.

6.4.5.2 Fleet Calculation with Peaked Demand

The above formula is good for rough calculations of fleet needs, but it is not suffi-
cient to calculate the actual needed fleet in most real-world conditions where demand
varies throughout the peak hours. Vehicles are expensive to purchase and operate, so
more refined analysis is necessary.

To explain intuitively why the fleet needs for peaked demand are different than
for uniform demand, the following example is useful. Assume a two-hour cycle time
(TC) and sixty customers per vehicle (VSize), but this time, rather than assuming that
MaxLoad is the same throughout three or four hours, from 6:00 a.m. to 9:00 a.m.
assume that MaxLoad occurs only during the peak demand hour, let us say this is
6:45 a.m. to 7:45 a.m. just to get the idea.

With a two-hour cycle time, the first bus will return to pick up a second load of
customers only after two hours. Thus, the total number of vehicles needed to serve
the demand during the first peak hour is this plus the total needed to serve the de-
mand during the second on-peak hour. A smaller fleet of vehicles is needed to serve

that link during the second hour, because there are fewer customers.



The fleet needed is therefore not simply a function of the maximum load at the
critical link and the vehicle size, but it is also a function of the cycle time and the
degree to which demand is peaked.

Now, rather than simply calculating the fleet based on one single hourly de-
mand, one must determine the maximum load on the critical link over the course of
the cycle time, or MaxLoadperCycle. After the cycle time has passed, no more buses
are needed as the first bus has returned to the beginning of the route.

The maximum load over the course of a cycle time is the total number of cus-
tomers that will accumulate during one full route cycle time willing to cross the crit-
ical link on a given vehicle route. This can also be thought of as the number of pas-
senger places that need to be served, or Pl.

Only so many vehicles are needed as would satisfy the customers that will ac-
cumulate before the first vehicle can complete its cycle and pick up a second round
of customers. The original formula, Equation 6.5, can therefore be replaced with the

following:
Eq. 6.19:
MaxLoadperCycle
Fleet — route
route VSize * LoadFactor
Where:

o Fleetoute: Number of buses needed to serve the route;

e VSizeroute: Vehicle serving the route capacity;

e MaxLoadperCycle, .: Maximum demand across the critical segment of
the route that will accumulate for the duration of one cycle during the
busiest moment of the typical day (see Subsection 6.3.13);

* Freq,qute :Frequency of the route(ideal frequency suggested of 22 vehicles
per hour);

» LoadFactor: Design load factor (usually 0.85);

This then requires the development of a methodology for calculating the max-
imum load over the course of a specific cycle time.

At this point in the service planning effort, the service planner will have col-
lected ridership data in fixed increments of time, such as fifteen-minute intervals,
and determined the critical link. With that data, in order to calculate the fleet re-
quirements, two questions must be answered:

1. Given an expected cycle time (TC) period for a BRT route, what “TC period”
of the day experiences the highest demand?
2. How does one calculate fleet numbers based on the peak TC period?

In order to answer the first question, the example in Table 6.11 is a sample of
fifteen-minute increment ridership data. In this example, the cycle time (TC) is one
hour, so one should look for the peak hour.

Table 6.11. Peak Period Critical Link Demand Profile for a Bus Route over Fifteen-Minute
Increments and One-Hour TC Increments

15-Minute Time Increment 15-Minute Ob- One-Hour Time Increment TC = One- Hour Accu-
served Demand mulated Demand
6:00-6:15 15 N/A N/A
6:15-6:30 21 N/A N/A
6:30-6:45 31 N/A N/A
6:45-7:00 51 6:00-7:00 118
7:00-7:15 63 6:15-7:15 166
7:15-7:30 69 6:30-7:30 214

7:30-7:45 67 6:45-7:45 250



7:45-8:00 66 7:00-8:00 265

8:00-8:15 53 7:15-8:15 255
8:15-8:30 45 7:30-8:30 231
8:30-8:45 34 7:45-8:45 198
8:45-9:00 32 8:00-9:00 164
9:00-9:15 21 8:15-9:15 132

In Table 6.11, ridership data was collected and entered in fifteen-minute incre-
ments (“Fifteen-Minute Observed Demand”).

Here the column on the right shows the accumulated demand over each distinct
one-hour (i.e., TC) period. For example, from 6:00 to 7:00, all of the demand observed
passing the critical link from 6:00 to 6:15, 6:15 to 6:30, 6:30 to 6:45, and 6:45 to 7:00
has accumulated, for a total of 118. Since a full hour has not yet passed until 7:00,
N/A is entered into the first three cells.

Now Question 1 —what is the highest demand period for a given cycle time?—can
be answered by looking at the table and choosing the hour with the greatest accumu-
lated demand. In this case, it is 7:00-8:00 when accumulated demand reaches its
maximum at 265 (the row highlighted in yellow). This is called the maximum load
per cycle time (MaxLoadperCycle). If the cycle time is one hour, the final result is
MaxLoadperCycle = 265.

If the cycle time TC were two hours, the table would look different:

Table 6.12. Peak Period Critical Link Demand Profile over Fifteen-Minute Increments and
Two-Hour TC Increments

15-Minute Time Increment 15-Minute ObservBso-Hour Time Increment TC = Two- Hour Accu-
Demand mulated Demand
6:00-6:15 15 N/A N/A
6:15-6:30 21 N/A N/A
6:30-6:45 31 N/A N/A
6:45-7:00 51 N/A N/A
7:00-7:15 63 N/A N/A
7:15-7:30 69 N/A N/A
7:30-7:45 67 N/A N/A
7:45-8:00 66 6:00-8:00 383
8:00-8:15 53 6:15-8:15 421
8:15-8:30 45 6:30-8:30 445
8:30-8:45 34 6:45-8:45 448
8:45-9:00 32 7:00-9:00 429
9:00-9:15 21 7:15-9:15 387

With a two-hour cycle time, the MaxLoadperCycle becomes 6:45-8:45 with a
maximum demand of 448. Here, MaxLoadperCycle = 448.

If, on the other hand, the cycle time were fifteen minutes, the peak would be
7:15-7:30 and the MaxLoadperCycle = 69.

Now to address Question 2—how to calculate fleet numbers based on the peak
TC period. There are two ways to obtain the fleet numbers. The simplest way is to de-
termine the peak load over the course of the cycle time (Lycar[7'CT), as shown above,
and simply divide by vehicle capacity. That is:



Eq. 6.20:

MaXLOHdperCyCleroute

Fleet =
route VSize x LoadFactor

Where:
« Fleetyoute: Number of buses needed to serve the route;
e VSizeroute: Vehicle serving the route capacity;
» MaxLoadperCycle, .: Maximum demand across the critical segment of
the route that will accumulate for the duration of one cycle during the
busiest moment of the typical day (see Subsection 6.3.13);
* Freq, .o :Frequency of the route(ideal frequency suggested of 22 vehicles
per hour);
» LoadFactor: Design load factor (usually 0.85);
So, for a TC of one hour, using the observed MaxLoadperCycle of 265, it is cal-
culated that:
Fleet(T'C = 1hour) = 25 4.33
72 %0.85
Thus, the fleet needed for that peak cycle time is five.
So, for a TC of two hours, using the actual MaxLoadperCycle of two hours based
on the data:

448
72%0.85
This equates to a fleet of eight vehicles. A cycle time that is twice as long as another

Fleet(T'C = 2hours) = 7.32

does not necessarily result in doubling the fleet. In this case, the cycle time increased
from one to two hours, but the needed fleet went from five to eight, instead of to ten.

Box 6.2. How to determine correction factor from hour to cycle time (PHtoCC)
based on load observations
When one is analyzing many existing or potential routes with different cycle times,
it is cumbersome to calculate the necessary fleet in the more intuitive manner listed
above. For this reason, this section offers another way to calculate the fleet with
the use of a common peak to cycle factor derived from corridor specific data. The
maximum-hour load only can be determined and then a Peak Hour to Cycle Correction
Factor (PHtoCC) can be applied to that to expand the demand across the full array of
possible cycle times. The calculation of the PHtoCC should be done per corridor and
should be made separately for weekdays, Saturdays, and Sundays.

To calculate the peak hour to cycle correction factor, we present an example of a
typical demand profile for the critical link on a BRT corridor during the morning peak
derived from on Table 6.13.

Table 6.13. Peak Period Critical Link Demand Profile

Time 15 Minute Loads Cumulative
6:00 a.m. 15 15

6:15 a.m. 21 36

6:30 a.m. 31 67

6:45 a.m. 51 118

7:00 a.m. 63 181

7:15 a.m. 69 250

7:30 a.m. 67 317

745 am. 66 383



8:00 a.m. 53 436

8:15 a.m. 45 481
8:30 a.m. 34 515
8:45 a.m. 32 547
9:00 a.m. 21 568
9:00 a.m. 21 589
9:15 a.m. 19 608
9:30 a.m. 35 643
9:45 a.m. 24 667
10:00 a.m. 29 696
10:15 am. 25 721
10:30 a.m. 25 746

600 -

450

— 15-Minute Loads
— Accumulated load

150 1

G0 6IS 630 &45 Ti00 TS T30 TS ®O00 EIS B30 B45 %00

Figure 6.25. The graph shows 15-minute loads (blue) versus overall accumulated loads (red). Peak 15-minute period
occurs where blue curve hits its max, or 7:00-7:15 a.m. Arthur Szdsz.

The blue line in Figure 6.25 is the number of customers every 15 minutes at
the critical link, or the location where there is the maximum load (MaxLoad) of cus-
tomers. The column labeled “15-minute loads” shows the number of people passing
the critical link in 15-minute increments at different times. The red line is the accu-
mulated load for the full peak period. The number of customers at 6:00 is fifteen. If
the cycle time (TC) is two hours, the accumulation of customers at 8:00 (t + TC) is 436
minus the fifteen customers that were already on board at 6:00, or 421.

Note that the number of customers passing the critical link varies in each 15-
minute interval. The maximum load for a 15-minute interval would be 69 at 7:15.
This is equivalent to saying that the maximum load, or the number of customers that
would be riding on vehicles past the critical link, if the cycle time were only 15 min-
utes, would be 69.

All of the possible time periods that are equivalent to the cycle time (TC) need
to be tested to see which time period results in the maximum accumulated customers.
To do this, create a table that simulates the number of customers that would accu-
mulate per vehicle under different cycle times, such as in Table 6.14, where the first
column to the right of the time cycle represents the observed loads at the critical link
for every 15-minute interval. The second column places the 6:15 load next to the 6:00
load, and the 6:30 load next to the 6:15 load, and so on, because this is what the load



would be for a 30-minute interval. It is not simply double the 6:00 a.m. demand, be-
cause the demand at 6:15 is different from the demand at 6:00 a.m. The third column
places the 6:45 demand adjacent to the 6:30 demand, and so on.

Table 6.14. Peak Period Loads by Cycle Time

Time 5 minute loddxumulatedime 15minute 15 min 15 min 15 min 15 min 15 min
Passengers loads
6:00 6 6 6:00 15 21 31 51 63 69
6:05 5 11 6:15 21 31 51 63 69 67
6:10 4 15 6:30 31 51 63 69 67 66
6:15 8 23 6:45 51 63 69 67 66 53
6:20 3 26 7:00 63 69 67 66 53 45
6:25 10 36 7:15 69 67 66 53 45 34
6:30 7 43 7:30 67 66 53 45 34 32
6:35 12 55 7:45 66 53 45 34 32 21
6:40 12 67 8:00 53 45 34 32 21 21
6:45 15 82 8:15 45 34 32 21 21 19
6:50 20 102 8:30 34 32 21 21 19 35
6:55 16 118 8:45 32 21 21 19 35 24
7:00 18 136 9:00 21 21 19 35 24 29
7:05 22 158 9:00 21 19 35 24 29 25
7:10 23 181 9:15 19 35 24 29 25 25
7:15 17 198 9:30 35 24 29 25 25 25
7:20 25 223 9:45 24 29 25 25 25 25
7:25 27 250 10:00 29 25 25 25 25 25
7:30 23 273 10:15 25 25 25 25 25 25
7:35 24 297 10:30 25 25 25 25 25 25
7:40 20 317 10:45 25 25 25 25 25 25
7:45 26 343 11:00 25 25 25 25 25 25
7:50 19 362 11:15 25 25 25 25 25 25
7:55 21 383 11:30 25 25 25 25 25 25
8:00 17 400 11:45 25 25 25 25 25 25
8:05 16 416 12:00 25 25 25 25 25 25

In Table 6.15, the 15-minute column is the same as the column above. The 30-
minute column simply adds together the first two 15-minute columns from above, to
give accumulated customers for a 30-minute interval. The 45-minute column totals
the accumulated customers of the first three columns, and so on. In this simple way,
a chart can be generated for the loads that would accumulate for each cycle time.

Table 6.15

Table 6.15. Accumulated Passengers for Different Cycle Times

Time 15 min 30 min 45 min 60 min 75 min 90 min 105min 120 min 135 min

6:00 15 36 67 118 181 250 317 383 436

15 min

67

66

53

45

34

32

21

21

19

35

24

29

25

25

25

25

25

25

25

25

25

25

25

25

25

25

150 min

481

15 min

66
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34
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21
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29

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

165 min

515

15 min

53

45

34

32

21

21
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35

24

29

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

180 min

547

15 min

45

34
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21

21

19

35

24
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25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25



6:15 21 52 103 166 235 302 368 421 466 500
6:30 31 82 145 214 281 347 400 445 479 511
6:45 51 114 183 250 316 369 414 448 480 501
7:00 63 132 199 265 318 363 397 429 450 471
7:15 69 136 202 255 300 334 366 387 408 427
7:30 67 133 186 231 265 297 318 339 358 393
7:45 66 119 164 198 230 251 272 291 326 350
8:00 53 98 132 164 185 206 225 260 284 313
8:15 45 79 111 132 153 172 207 231 260 285
8:30 34 66 87 108 127 162 186 215 240 265
8:45 32 53 74 93 128 152 181 206 231 256
9:00 21 42 61 % 120 149 174 199 224 249
9:00 21 40 75 99 128 153 178 203 228 253
9:15 19 54 78 107 132 157 182 207 232 257
9:30 35 59 88 113 138 163 188 213 238 263
9:45 24 53 78 103 128 153 178 203 228 253
10:00 29 54 79 104 129 154 179 204 229 254
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Figure 6.26. Accumulated demands for varying cycle times, using the same data as in Tables 6.13 - 6.15. Arthur

Szdsz.

The maximum point on each curve shows the maximum accumulated customers,
which is needed to derive the necessary fleet. Table 6.15 shows that the longer the
cycle time, the more demand will accumulate before the same vehicle can get back to
the beginning of the route to pick up more customers.

For the first example (the top brown-red line), different accumulated demands
are graphed for different two-hour periods. Between 6:00 a.m. and 8:00 a.m. accumu-
lated customers are 383 (the first data point at 6:00 a.m. on the top brown-red line).
This is because at 8:00 a.m. there are already fifteen customers, and after two hours,
398 customers have accumulated, so enough vehicles to carry 383 (398-15) customers
are needed. The accumulated customers from 6:00 to 8:00 are not the same, however,
as the accumulated customers from 6:15 to 8:15, or from 6:30 to 8:30, etc. The top
brown red line graphs the accumulated customers for each two-hour time increment
are listed in Table 6.15 in the column labeled “120 minutes.” The peak period for this
cycle time is about 6:45 to 8:45, when 448 passengers accumulate over two hours.
Thus, for a two-hour cycle time, we can say that 448 is the MaxLoadperCycle = 448.
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In each scenario, the load that needs to be accommodated with a fleet is the
maximum load for each cycle time, or MaxLoadperCycle. In Table 6.15, the maxi-
mums are shown at the bottom of each cycle time. Because of the shape of the peak
in demand, the maximum loads will vary depending on the cycle time. If the accu-

mulated customers (load) per cycle time are divided by the cycle time, this gives the

hourly load (MaxLoad [one hour)) for a specific cycle time.

Table 6.16. Calculation of How the Maximum Load Varies with Cycle Time

Hours 0.25 0.5 0.75 1 1.25 15 1.75 2 2.25
Cycle time (mih} 30 45 60 75 90 105 120 135
MaxLoadper- 69 136 202 265 318 369 414 448 480
Cycle

MaxLoad 276 272 269 265 254 246 237 224 213
ML 1.04 1.03 1.02 1 0.96 0.93 0.89 0.85 0.81

If the maximum load for each cycle time is then further divided by the maximum
load for a one-hour cycle time (265), then this gives an indicator (ML) that shows how

much the maximum load for a specific cycle time varies from the maximum load for

one hour. The peak hour to cycle correction factor (PHtoCC) is the slope of this line,

indicating the degree to which the maximum load varies by the cycle time in general.
In this way, a PHtoCC can be derived that can then be applied in the future to calculate
the fleet needs for many routes of different cycle times.
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Figure 6.27. Accumulated maximum load (ML) for various cycle times as a proportion of the accumulated max load
for a one-hour cycle time. The slope, as shown by the formula and the straight black line, represents the PHtoCC.

Image Arthur Szdsz.

In Figure 6.27, rounding a bit, the PHtoCC = 0.11. MS-Excel will generate this
number if instructed to provide the formula for a trend line when generating a graph.

Once the PHtoCC is known, the following formula may be used to determine

25

150

511

204

0.77

MaxLoadperCycle for varying cycle times with peaked demand from the known MaxLoad,

which is determined per hour. This formula is a simplification of a derivative, i.e., it

describes a set of relationships that are linear in most real-world applications but that

do not hold at the extremities, resulting in the previously presented.
Eq. 6.21a MaxLoadperCycle = MaxLoad * T'C' x [1 — PHtoCC * (TC — 1)]

Where:

» PHtoCC: Nonnegative correction factor, the calibration of which is based

on survey data, is discussed in Box 6.2. The usual value is near 0.1;
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- If TC is larger than one hour: correction 1 — PHtoCC* (TC — 1)
will result smaller than one;
- If TCis smaller than one hour: correction 1 —PHtoCCx(TC—1)
will result larger than one;
- If TC is equal one hour: correction 1 — PHtoCC * (TC — 1) will
result in one;
- If PHtoCC is equal zero, there will be no correction.
And therefore the fleet needed for any route with any cycle time can be calcu-
lated as follows, by expanding Equation 6.14 with Equation 6.6b.

Eq. 6.21b
MaxLoadperCycle
Fleet — route
route VSize * LoadFactor
MaxLoad * T'C' * [1 — PHtoCC * (TC — 1)]
Fleetroute = -
VSize * LoadFactor
Where:

» Fleetroute: Number of buses needed to serve the route;
e MaxLoad: Maximum hourly load;
o VSizeroute: Vehicle serving the route capacity;
e Freq,qu:Frequency of the route(ideal frequency suggested of 22 vehicles
per hour);
» LoadFactor: Design load factor (usually 0.85);
This approximation expands the peak one-hour load based on the degree to
which the one-hour load is peaked within the full cycle time.
So, for a TC of two hours using the example from above, the maximum load is:

MazLoadperCycle = 265 % 2+ 1 —0.11 %2 — 1 = 471.7

Hence, for a TC of two hours, the fleet needed is:

265 % 2% 1 —0.11 %2 — 160 = 7.50
Fleet2hours =265 %2+ 1 —0.11 %« 2 — 172 % 0.85 = 7.71

The resulting 7.71 is a close approximation to the 7.32 used in the other formula,
and again, one should round up to eight vehicles. (The discrepancy is because both
formulas are simplifications to avoid the use of derivatives, to make the math easier
in a way that is sufficient for most real-world uses.)

In most real-world cases, the peak hour to cycle correction factor (PHtoCC) is
around 0.1. For a rough approximation, in a relatively normal peaked corridor, one
can make a back-of-the-envelope adjustment by just using a generic peak factor such
as 0.1, but it is better to calculate the actual peak factor. While this impact of the peak
factor on the needed fleet is significant when calculating the fleet for any vehicle
route, it makes a very big difference when a multitude of direct-service routes are
severed into a trunk route and multiple feeder routes.

6.5 Determining Which Routes to Include Inside BRT
Infrastructure

“An almost indispensable skill for any creative person is the ability to pose
the right questions. Creative people identify promising, exciting, and, most
important, accessible routes to progress—and eventually formulate the ques-
tions correctly.”

— Lisa Randall, theoretical physicist, 1962—

At this point one should have some basic idea of how to calculate the best vehicle
size and how to calculate the necessary fleet for a variety of alternative services one



might want to run inside the BRT infrastructure. One now has enough information
to start doing the basic service planning for a proposed BRT corridor.

The first question that needs to be answered is what of the existing bus services
currently using the corridor should one include, at least in some form, as part of the
new BRT services. If properly designed, new BRT infrastructure should increase the
speed of all the vehicles that use the BRT infrastructure. Ideally, then, all the cus-
tomers currently using the BRT corridor should be served by the BRT system’s new
operations. The simplest way to ensure this is being done is to simply include as new
BRT services all of the services currently using the corridor. Most of these will be
direct services that use the BRT corridor for only a part of their route.

However, there are a variety of circumstances where the benefits to the cus-
tomers of specific bus services are outweighed by the disadvantages that allow this
bus route to use the BRT system would impose on the remainder of the BRT cus-
tomers. There are three reasons to exclude some of the existing services:

1. Avoidance of station saturation;

2. Lack of administrative authority over an operator with incompatible op-
erations;

3. Minimal overlap with the corridor.

If a preexisting bus route is excluded from the BRT infrastructure, there are a
few things that can happen to it. First, it can be allowed to continue to operate in the
mixed traffic lanes along the BRT corridor. Most of the examples in this first section
assume that if the route is not allowed to use the BRT infrastructure, it will operate
in the mixed traffic lanes. The route could also simply be cancelled, and its demand
transferred onto some similar service.

However, there are other alternatives. It could be allowed to operate inside the
BRT corridor but not stop at BRT stations. This option is worth considering in situ-
ations when there are no important stations on a particular route along a BRT trunk
corridor. Finally, the route could be converted into a feeder route. This option will be
considered in the next section on trunk-and-feeder routes.

6.5.1 Administrative Authority

The best BRT systems minimize boarding and alighting delay by requiring special
vehicles that have a clean interface with the station, as described below. Further, the
image and quality of service of the BRT system matters.

On any given corridor, there may be a wide variety of bus and minibus oper-
ations owned by different companies or government agencies and regulated and ad-
ministered by different government entities. For instance, a major arterial might have
school buses, charter buses, intercity buses, regional buses, private express buses,
and local buses.

The best BRT systems limit access to special BRT infrastructure to prescribed
operators that operate with the specific permission of a BRT authority and provide
bus services following detailed technical specifications required by the BRT authority.
These are sometimes called “closed systems.” In general, the highest-quality exam-
ples of BRT, such as Bogota, Lima, Guangzhou, Brisbane, and Curitiba, take advantage
of the possibility of restricting access to the new BRT infrastructure to leverage im-
provements in bus services. In Bogota and Lima, companies compete for the right
to provide public transport services in the BRT system through a process of competi-
tive tendering. These systems only permit vehicles with highly defined specifications
operating under a specific contract to a single public authority to operate on the cor-
ridor. Because BRT systems try to maintain a higher quality of service than regular
bus services, BRT operating contracts are generally far tougher than regular bus op-
erating contracts, and the number of vehicles able to use the BRT infrastructure is
normally limited to levels that will avoid saturation of the busway.



By contrast, systems that have implemented a simple busway system open to
some bus operations not under the full administrative control of a BRT authority are
known as “open systems.” Very few BRT systems have completely open access: Re-
gional or intercity buses, charter buses, and school buses are rarely allowed access
to BRT infrastructure. As a rule of thumb, if the BRT authority cannot regulate the
vehicle specification and the operation of the bus operator, it is not a good idea to
allow that service to operate inside special BRT infrastructure.

Many cities with simple busways that do not qualify as BRT using The BRT Stan-
dard, or qualify in some cases as “basic” BRT, utilize an open-system structure, where
any bus regardless of type is allowed to use the bus lane. One of the major problems
with open busways is that the lack of regulation tends to lead to lower service quality.
For instance, in the Delhi busway, which is open to a wide variety of bus operations
reporting to different regulatory bodies, some of them with extremely weak main-
tenance oversight, frequent bus breakdowns tend to plague the services inside the
busway. Another problem typical of open busways is that they are more likely to be-
come congested, as the number of buses is harder to control at levels that will avoid
saturation.

In general, a closed structure is more conducive to efficient traffic operations.
Since the number of operators and the number of vehicles are controlled, a closed
system can be designed around the optimum conditions for customer movement.

Furthermore, limiting access to new BRT infrastructure is often effectively used
by governments to leverage industry modernization and higher quality of service, as
discussed in Volume IV: Business Plan, especially Chapter 13: Business Structure.
By placing certain minimum requirements on potential bus operators as a condition
to bid for a BRT operating contract, the BRT administrative authority can use this
leverage in a variety of ways, from encouraging ownership structures that include
adversely impacted former operators, to requiring companies to comply with best
modern business practices, and so forth.

The vehicle types allowed will also greatly affect several performance indica-
tors, including boarding and alighting times and station congestion levels. A single
small bus with a very small door can badly congest an exclusive BRT lane, and for this
reason, such buses are incompatible with high-speed, high-capacity BRT systems.
Specifying maximum vehicle age and maintenance practices can also affect perfor-
mance. Breakdowns contribute to corridor congestion. Thus, weak regulatory con-
trol over the vehicle fleet is incompatible with consistent high-speed, high-capacity,
and high-quality service. Tight regulation of emissions, operating speeds, and noise
is also important to protecting the environmental quality of the corridor.

Prior to developing its TransMilenio system, Bogota actually operated a median
busway on its Avenida Caracas corridor. The Avenida Caracas busway operated as an
open system, permitting all existing operators to utilize the infrastructure. The result
was excessive busway congestion and average commercial speeds of approximately 10
kph (Figures 6.29 and 6.30). The busway was partially effective in improving condi-
tions for mixed traffic, but did little to improve travel conditions for public transport
customers. It should be noted, though, that having a closed system is a necessary but
insufficient condition for ensuring good system performance.

Emergency vehicles, such as ambulances, are generally permitted access on most
BRT systems (Figures 6.31 and 6.32), whether they are open or closed systems. This
public service provides an additional motivation for approving a BRT project, espe-
cially since many rail options are not compatible with emergency vehicles. In many
cities, mixed traffic congestion significantly inhibits emergency access and delivery.
By facilitating rapid emergency services for the injured and critically ill, the BRT sys-
tem is in effect helping save lives.

Some cities also permit “official” vehicles to utilize the busway. This usage may
include presidential and ministerial motorcades, as well as travel for low-ranking

Figure 6.29. Bogota originally operated an open
busway system. Individually owned, unreformed in-
formal “collectivo” bus services with merely a route
license, but no formal operating contract plied the
corridor. The bus operators were largely unaccount-
able. Vehicles were polluting, poorly maintained, and
of a variety of types that did not interface cleanly
with BRT infrastructure. Frequencies were too high to
avoid congestion. TransMilenio SA.

Figure 6.30. By contrast, the development of the
closed TransMilenio system along the same corri-

dor, where schedules are fixed and where operators
meeting certain minimum corporate standards have to
comply with tight technical specifications and main-
tain quality-of-service standards, has dramatically
improved travel times and customer comfort Lloyd
Wright

Figure 6.31. In cities such as Quito, the exclusive
busways also permit emergency vehicles. Lloyd
Wright.

Figure 6.32. Allowing emergency vehicles to avoid
traffic delays should provide quicker responses to
those in need. Lloyd Wright.



public officials (Figure 6.33). The justification for such usage can be questionable.
Certainly, for the highest-ranked officials, such as a president or prime minister, the
exclusive busway does allow for potentially safer movements. The usage by lower-
ranking officials is harder to justify and can ultimately have a highly detrimental im-
pact on system speeds and capacity. In Quito, sometimes the appropriation of busway
space even extends to public utility vehicles, such as garbage trucks (Figure 6.34). The
presence of such vehicles can do much to hinder proper BRT operation.

6.5.2 Overlap with the BRT Corridor

On most BRT corridors, some existing public transport routes overlap the corridor for
a short segment. If the segment is very short, it may not be worth incorporating the
service into the BRT system. Usually, incorporating a bus route into the BRT system
requires buying special new vehicles for that route, and if the benefits of including
the route in the BRT system are low because it only overlaps with the BRT for a short
segment, these benefits may not outweigh the cost of buying a new BRT vehicle.

In Table 6.1, existing routes are shown to the degree to which the route overlaps
the planned BRT infrastructure. If the overlap is less than 20 percent of the total
length of the route, it may not be worth incorporating it into the BRT service plan.

In many cases, BRT service planners start by mapping the existing route and
then exclude the routes that overlap the planned BRT corridor for less than 20 percent
of their route. This is not a hard-and-fast rule; it is just what is normally done. In
situations of low station saturation and high-frequency routes, the percentage may
be as low as 10-15 percent, but in capacity-constrained settings, a range of 20-30
percent is more typical.

If the part of the route that overlaps with the BRT corridor is downtown, on a
highly congested road, or it includes some very high-demand stations, there may be
significant benefits to incorporating the route into the BRT system, but in most cases
20 percent overlap is a reasonable rule of thumb for excluding a route. In case of
doubt, the operational cost savings and time savings that would accrue from using the
BRT infrastructure could be compared to the additional costs associated with buying
special vehicles, if the BRT requires new vehicles. If the overlap is below 20 percent,
but there is no particular need for the route to stop on the BRT corridor, one might
consider allowing the route to use the BRT corridor for this short segment, while not
stopping at any of the BRT station stops.

6.5.3 Avoiding Station Saturation

Once the routes that have only a tangential relationship to the BRT trunk service have
been excluded from the proposed BRT system services, ideally the BRT infrastructure
should be designed to accommodate the demand from all of the remaining bus routes.
However, this may be impossible. If the capacity of what can be designed is less than
the remaining demand, it may be necessary to make further decisions about which
routes to include in the BRT services, and which to leave in mixed traffic, or reroute off
the corridor. In this sense, service planning is iterative with infrastructure planning.
The next chapter provides the formulas needed to calculate the capacity and speed of
a BRT corridor depending on The BRT Standard elements used. The normal situation
where one needs to exclude some bus routes in the manner described in this section
is when a single-lane BRT with no sub-stops or passing lanes has been designed.
Having many routes is not a problem per se; it only becomes a problem if fre-
quencies are high enough that stations begin to become saturated, and the speed of
the BRT system begins to slow. Since new BRT infrastructure will allow vehicles to
increase their speed, ideally as many customers as possible should be able to use it.
Usually, a corridor will be chosen for BRT that already has a lot of bus or minibus
services along it, and normally these preexisting services are a reasonable match to

Figure 6.33. When usage of the exclusive busway by
lower-ranking government officials becomes com-
monplace, there can be negative impacts on the effi-
ciency of the system. Lloyd Wright

Figure 6.34. In Quito, even garbage trucks take ad-
vantage of the exclusive busway. Lloyd Wright.



public transport demand patterns. As such, the first principle of service planning is
to incorporate as many preexisting bus routes as possible into the services that will
use the new BRT infrastructure. This will maximize the number of beneficiaries and
minimize the disruption of service.

In specific cases where current bus services already take up more than one mixed
traffic lane, the BRT system may begin to become congested if too many routes are
brought into the dedicated infrastructure, at which point the speeds will slow. Even-
tually, as saturation worsens, speeds inside the BRT system can drop to levels below
the original mixed traffic speeds. Then, unless the design of the busway can be mod-
ified to accommodate all of the bus routes, the service planner will need to exclude
some of the bus routes from the system.

An example of this problem occurred with the Seoul BRT. The system was ini-
tially designed with insufficient capacity to handle the vehicle demand in the corridor.
As a result, in the first several months of operation, the corridor became saturated,
and vehicle speeds dropped below the pre-BRT speeds. After diverting some of the
routes back to the mixed traffic lanes so the busway was not saturated, the overall
system yielded significant user benefits. The methodology sketched out below should
be used in similar circumstances when deciding which routes to put back into mixed
traffic.

The process of determining how many routes to include in the services for the
planned BRT system has two basic steps. First, calculate which future BRT station
or stations are most likely to become saturated. This will be the station projected to
have the highest frequency and boarding and alighting volumes, because high fre-
quency and high boarding and alighting volumes are the most likely causes of station
saturation.

In nearly all cases, BRT system saturation happens at stations where the capac-
ity is too low to handle the frequency and boarding and alighting volumes, so vehicles
begin to bunch. The formulas for calculating station saturation are covered in Chap-
ter 7: Capacity and Speed.

Second, a calculation should be performed to determine, given the characteris-
tics of each route (demand, vehicle type, frequencies, and demand to that particular
station, etc.), how many routes and which routes should be included as part of the new
BRT services and which should be excluded. To do this, the routes should be ordered
based on the seconds consumed at that specific station multiplied by the number of
customers that are passing by that bottleneck station. In other words:

The first criteria used to select routes for inclusion in the BRT system is
frequency and proportion of overlap with the BRT corridor. If the route only
uses the BRT corridor for a short distance, or carries few customers, the benefits
may not justify the cost of purchasing a BRT-infrastructure-compatible bus.

For systems where there is a danger that the busway will become satu-
rated and speeds will slow, a second method should be used: routes should be
ranked based on the number of customers that a route can move through the
bottleneck station for each second of dwell time they consume at the bottle-
neck station. Routes moving more customers per second of dwell time should
continue to be included until the total delay caused to the busway of adding
the last route is greater than the time savings benefits of adding the last route.

The existing bus route that uses the busway most efficiently will be the route
that carries the most customers with the fewest customers getting off at the bottle-
neck station. For instance, if the bottleneck station in a BRT system is Times Square,
and there is an express route, “T1,” that carries large numbers of customers through
Times Square but does not stop at Times Square, it should certainly be included in
the busway, as it does not contribute at all to the bottleneck at Times Square station.
By contrast, a route that carries relatively few customers, yet all of them get off at
Times Square, should be the first route to be excluded.



In this section we provide formulas to determine how many and which vehicle
routes to include in the BRT system. Given that every effort has already been made
to design the system with a capacity that will avoid saturation, but, for one reason or
another, design compromises had to be made, and the design has already been fixed in
a way that does not accommodate all public transport customers who want to use the
corridor. It is assumed that if some existing routes are not excluded, the bus speeds
in the corridor will slow down. This is fairly common in the developing world, but
not so common in the United States or Europe. Each scenario is progressively more
complex—and more realistic; however, they do not cover every possibility. Service
planners will need to understand the fundamentals laid out in this chapter and make
modifications to fit a given situation.

In these scenarios, there are two possible ways for running buses:

1. BRT corridor: The BRT corridor is generally described in text as “BRT in-
frastructure” or “busway” and is indicated in formulas with the subscript
“inside.”

2. Mixed-traffic lane: The mixed-traffic lane is assumed to run parallel to the
BRT corridor. The mixed-traffic lane is where bus routes that are excluded
from the BRT infrastructure will run. The mixed-traffic lane is referred to
in text as “outside the BRT corridor” and is indicated in formulas with the
subscript “outside.” It is assumed that speeds in the mixed-traffic lane do
not vary based on the number of buses in it, since buses generally consti-
tute a relatively small share of total traffic, and it is generally possible for
buses to pass each other in the mixed traffic lanes. If bus volumes in the
mixed traffic lanes are likely to affect mixed traffic speeds, a more detailed
analysis of the mixed traffic lanes should be made.

In the following scenarios, one should aim to minimize aggregate travel time
for all customers (AT Tiqra1), both inside and outside the BRT corridor. One assumes
that there is a total number of bus routes, both inside and outside the BRT corridor
operating at a combined total frequency, indicated by F'iy,. Bus routes operate as
units, so that one cannot remove a few buses of the route “f” from the busway; the
entire route must be removed.

In all scenarios below, the part of the corridor that will receive BRT infrastruc-
ture is assumed to be 5 kilometers long and the speed in the mixed traffic lanes along
this corridor is assumed to be 10 kph. The speed within the busway will vary by the
scenario, while the speed in the mixed traffic lane will be assumed to stay at 10 kph.

Table 6.17. Example of Average Peak Hour Riders and Times

Departure Arrival Travel Time Passengers
6:00 a.m. 8:00 a.m. 2:00 25
6:15 a.m. 8:15 a.m. 2:00 25
6:30 a.m. 8:30 a.m. 2:00 25
6:45 a.m. 8:45 am. 2:00 25
7:00 a.m. 9:00 a.m. 2:00 25
7:15 a.m. 9:15 a.m. 2:00 25
7:30 a.m. 9:30 a.m. 2:00 25
7:45 am. 9:45 a.m. 2:00 25

Further, the peak hour was already identified as between 6:15 and 7:14, the peak
hour ridership is a hundred, and the peak hour travel time is two hours. It is assumed
that all bus routes travelling through the corridor before the busway was introduced
took a half hour to pass through the corridor. It means that at any given moment,



with the hourly frequency of four, two buses of route A would be visible operating on
the BRT corridor; the moment the bus ahead leaves the segment (after half an hour),
another bus would get in at the beginning (being thirty minutes behind).

Before the BRT system is implemented, all bus routes are operating “outside”
the BRT. Therefore, during one hour we would have seen Aggregate Travel Time OUT-
SIDE the BRT, operating along a planned BRT corridor, of two hours for this route.
That is simply four bus trips per hour, each taking half an hour.

If this route is included inside the BRT infrastructure where average speed (with-
out congestion that is the aim) is 25 kph, it would take only 12.5 minutes to cross the
corridor. In this case, the Aggregate Travel Time INSIDE the BRT is 12.5 times 4 or 50
minutes. This is a net improvement over the no-build scenario of one hour and ten
bus minutes. Another way to think of this is that after only 12.5 minutes the first bus
will exit the BRT, but the next bus would not appear on the segment for another 2.5
minutes, so if we look at the corridor once a minute over an hour, only 50 times in 60
times will we see a bus riding in the segment. In this situation the Aggregate Travel
Time INSIDE the BRT added 50 minutes for this route (or 5/6 of hour or 0.833 hour).

For each of the examples, the total dwell time of each bus (Td) at a station inside
the busway, assuming boarding and alighting through all doors will be a function of
the fixed dwell time (TO0), also known as dead time or the time the bus takes to pull up
to the station, open and close its doors, and pull away, and the average boarding time
per customer for buses with the given configuration (Tb) multiplied by the number of
boarding customers and the average alighting time per customer for buses with the
same configuration (Ta) times the number of alighting customers, or:

Eq. 6.22

Tqg=To+Ty+Ts

Td="To+ty * P, + tq x P,

Where:
o T,: Total dwell time;
e To: Fixed dwell time (or “dead time”);
e Ty: Total boarding time per vehicle ((given by tb * Pb);
e t;: Boarding time per customer;
e P,: Number of boarding customers;

T, Total alighting time per vehicle (given by ta * Pa);
e to: Alighting time per customer;
e P,: Number of alighting customers.

As discussed in Chapter 7: Capacity and Speed, boarding and alighting times
per customers are a function of bus configuration and bus station interface (number
and width of doors, at-level boarding or boarding via several steps, internal or ex-
ternal fare collection, position of turnstiles, etc.) and bus occupancy at the station.
A linear proxy, i.e., using average customers per second of surveyed boarding and
alighting times under conditions similar to those being designed is a more accurate
way of estimating dwell time per station than using a flat average dwell time per sta-
tion, so long as the busway is not beginning to become saturated (saturation below
0.4). Avoiding saturation is the design goal of the examples. Outside the BRT infras-
tructure, it is assumed that buses’ speeds are the current commercial speed, which
already include dwell times at station stops.



6.5.3.1 Scenario I: All Routes Are Similar

In this scenario, all vehicles, routes, and stations inside the BRT infrastructure have
the same operational characteristics. In other words, they have roughly the same
number of customers getting on and off at each stop; have the same number of doors;
have the same frequency; use the same vehicle type; have floors level with the vehicle
platform; and hence have the same dwell time per customer. As a result, one should
not care which routes are included or excluded, one should only care about the num-
ber of routes one includes. In this simplified scenario, since all of the routes have the
same dwell time per customer, and the same number of customers benefitting from
the busway, there is no need to rank the bus routes. Given this uniform demand, all
stations will become saturated equally. Vehicles operating inside the BRT infrastruc-
ture will become congested if there are too many vehicles using the bus lane. These
assumptions allow for busway congestion to be isolated as the only factor that would
cause a variance in total travel time when all else is constant.

In this scenario, given that all bus routes have the same demand and vehicle
size, it is assumed that all routes have the same frequency. In later examples the
frequency will vary by route. All routes are also assumed to have the same dwell
time, since they have the same demand and vehicle size. It is assumed that the total
dwell time Td is the same for all vehicle routes, because both the fixed and variable
dwell times are the same for all vehicles:

Leorridor: Corridor length = 5 km;

Voutside: Velocity outside the busway = 10 km/h;

Vinside : Velocity inside BRT at free-flow speed = 25 km/h;

Nitations = 10;

Fioa: Total frequency of all services = 200 vehicles/h.

T,: Dwell time per vehicle at each station = 18 seconds = 0.005 h

Ty: Time per customer boarding = 3 seconds;

Te: Time per customer alighting = 2 seconds;

To: Fixed dwell time per vehicle = 12 seconds.

To determine the optimal number of vehicle routes to include in a BRT corridor,
as many buses as possible should be brought into the BRT corridor until the point
where time-savings benefit for the last bus added to the corridor is less than the con-
gestion delay it causes to the remaining vehicles in the busway.

By measuring the total vehicle travel time over the course of one hour for all ve-
hicles on a single corridor (AT T}y41) both inside (AT T} sige) and outside (AT Tyytside)
the BRT infrastructure, it is clear that it is often beneficial to leave some routes out of
the BRT corridor. The ATT both inside and outside the BRT infrastructure will be the
number of buses per hour (Fj,sige and Foutside) multiplied by the travel time per bus
(TTipsidge and T'Toysige Tespectively). In all cases one will assume that the frequency
outside the BRT corridor does not affect the travel time outside the corridor. There-
fore, all of the total travel times (ATT) are expressed as a function of the frequency
inside the busway (Fjyside)-

Eq. 6.23

ATTiotal = AT Toutside + AT Tinside

ATTiotal = TTinside * Finside T T Toutside * Foutside

Where:
o ATTiorar :Total vehicle travel time over the course of one hour for all vehi-
cles on a single corridor;



o ATTyuside: Total vehicle travel time over the course of one hour for all ve-
hicles on a single corridor outside of the BRT infrastructure (AT Tyyside =
TToutside * Foutside)s

o ATTinsige: Total vehicle travel time over the course of one hour for all
vehicles on a single corridor inside of the BRT infrastructure(A7 T}psige =
TToutside * Foutside)s

e TTiside: Travel time per bus inside the busway;

e Finside: Number of buses per hour inside the busway;

o TTouside : Travel time per bus outside the busway;

e Fouside : Number of buses per hour outside the busway.

Because T'Tysige 18 fixed, one can easily calculate it as:
Eq. 6.24a

Leorridor
TToutside = %
outside

Where:
o TTyuside: Travel time per bus outside the busway;
e Leormidor: Length of the corridor;
* Voutside: Velocity outside the busway.
So, using the values defined above for the corridor:

5km 5hr
——— % lhr = — = 0.5hours
10km/hr ¥ 10

TToutsige Will remain 0.5 hours (30 minutes) per bus no matter how many buses are

TToutside =

operating outside the corridor.

Travel time inside the BRT infrastructure (7'7},siqe ), hOwever, varies in this sim-
plified example as a simple function of frequency. That is, with each new vehicle
added to the busway, a slight congestion is introduced and the total travel time in-
side increases.

Travel time for a bus within a busway is the sum of the time spent:
. In motion (free running time);
. At intersections;

. At stations;

N R

. In congestion.

In most conditions, the stations become saturated long before the traffic signal
or the busway itself is saturated, so generally one should assume that the bottleneck
is the station and not the intersections or the busway. Even at quite low frequencies,
it often occurs that one vehicle is unable to approach the station, because another
vehicle is already occupying that location, and these delays can rapidly become very
significant.

Design techniques for reducing dwell time at stations are discussed extensively
in Chapter 7: Capacity and Speed. In this chapter, these design issues are not dis-
cussed; instead, one should assume that the best possible design has been used, so
the boarding and alighting time at stations per passenger (T}, + Tj) is already fixed
by these design characteristics. In this scenario, the only factor that varies is (“In
congestion”) and it varies based only on vehicle queuing at stations (7). Scenario II
will consider variations in dwell times, but for now one should assume a fixed dwell
time for all vehicles on the corridor.

So in this scenario the first three aspects of travel time in the busway are fixed
and constitute the base speed (vinside-no-congestion) and travel time for any vehicle in the
busway before the busway begins to become congested. Further, if only one vehicle is
in the busway, there is no possibility of congestion, and that vehicle will experience
this base travel time as:

Eq. 6.24b



Lcorridor
TTinsidefnofcongestion =
Vinside-no-congestion
Where:
* TTinside-no-congestion: 1ravel time per bus inside the busway without delays

at stations;

Leorridor: Length of the corridor;
* Vinside-no-congestion® Velocity inside the busway, when there is no conges-
tion delay at stations.
If one wants to know the speed inside the busway without any vehicle conges-
tion, one should calculate the initial value of T'T}sqe, With only one vehicle in the
corridor:

5km  5hr

T'Tinside-no-congestion = skm/hr 25 = 0.2hours

Usually, when performing this type of analysis, if one is planning to build a Silver
or Gold Standard BRT, one would normally assume that the average speed of the BRT
corridor before saturation would be around 20 kph in a dense urban area or downtown
and around 25 on a major arterial, based on empirical observation of BRTs in different
conditions. As soon as any additional vehicles are added to the busway, some possi-
bility of queuing emerges. One should measure queuing delay on a per-station basis;
however, in this scenario, it can be assumed that the queuing delay (7) will be the
same at every station. One must thus expand Equation 6.17b to all vehicles as:
Eq. 6.24c

Lo

corridor

TTinside = v + Ty * Ntations
inside-no-congestion

Where:
e T'Tinside: Travel time per bus inside the busway;
e Leormidor: Length of the corridor;
* Vinside-no-congestion® Velocity inside the busway without delay at stations;
« T,:Delay for a single vehicle at a single station due to queuing;
e Nstations: Number of stations.

Because queuing in a busway (77) is generally a direct result of station satu-
ration, one should begin with the formula for station saturation. Detailed method-
ologies for calculating station saturation under different scenarios are provided in
Chapter 7: Capacity and Speed, but for now one should use the basic consideration
for station saturation under these extremely simplified conditions.

In this example, saturation at each station is expressed by the equation below.

Eq. 6.25

z = Ty * Fipside

Where:
e z: Saturation at each station for a specific frequency inside the busway;
e Ty: Dwell time per bus;
e Fiside: Number of buses per hour inside the busway.



If one includes 80 vehicles in the BRT corridor, and one knows the dwell time is
18 seconds (0.005 hours) per bus, station saturation, x, will be 40 percent.

z = 0.005 %80 = 0.4

«_»

In this case, “z” is the average percentage of time that the station is occupied by ve-
hicles loading and unloading, but it can be thought of as the probability that a vehicle
approaching a station will find the station occupied. In our example, if a person (or
a BRT vehicle) about whom we know nothing else arrives at the station, he/she/it has
a 40 percent chance of finding a station with BRT vehicles using it and a 60 percent
chance that no buses are there at that exact moment.

Let us now focus our attention on this 40 percent of time that the station is
occupied, the probability of a BRT vehicle arriving at the station when another vehicle
is already there is still 40 percent of the time the station is occupied, if nothing else
is known. So the chance of a vehicle being a second vehicle queueing at the station is
40 percent of 40 percent (or 16 percent). This means that 16 percent of the time a bus
will have to wait until the docking bay is cleared by at least one bus. Thus, 40 percent
of these 16 percent, or 6.4 percent of the wait, will be for two or more buses to clear
the station and so on.

Station saturation, as described above, begins to result in delay when vehicles
are forced to queue up to the station waiting to dock. The probability that a vehicle
will find the station occupied is approximately given by x, and the chance that the next
vehicle will also face a queue is x2, and the vehicle after that would face a probability
of x3. The average queue in such a situation would be given by:

Eq. 6.26

2

(1—x)

Average Queue Size =

Where:
o AverageQueueSize: Number of vehicles on average in queue;
e z: Probability a vehicle will find the station occupied.
If arrivals and departures are random, the average waiting time in queue per
vehicle would be given by:
Eq. 6.27:

x2 1
(1 —2)  Finside

Average Waiting time =

Where
o Average Queue Size: Number of vehicles on average in queue;
e z: Probability a vehicle will find the station occupied;
e Finside: Number of buses per hour inside the busway.

This is a derivation of what is known as Little’s Law: If the average waiting time
in a queue is two hours and customers arrive at a rate of three per hour (Frequency)
then, on average, there are six customers in the queue, or:

Eq. 6.28:

Average Queue Size = Average Waiting Time * Frequency of Arrivals

Where:
» Average Queue Size: Number of vehicles on average in queue;
¢ Average Waiting Time: Average waiting time in a queue;
« Frequency of Arrivals: Number of customers arriving per a given amount
of time.



In our example, the average queue is known as 0.2667 vehicles (= 4/15 vehicle)
and there are an average of 1.333 vehicles arriving per minute (80 vehicles per hour =
4/3 per minute), so in average they must be waiting 1/5 of a minute (= 12 seconds).

Considering this distribution of arrivals and departures, theoretical queuing
time per bus at each station would be given by:

Eq. 6.29

0.5(I77arrival + ITTdeparture) w1

1-= Finside

T, =

Where:
e T,: One vehicle queueing time at each station;
e x: Saturation of the station;
e Fiside: Number of buses per hour inside the busway;

H 5 Vari e
* Irraniva: Irregularity of artivals (Ir7apival = —yogna iulsintenals );
arrivals’intervals

Variance,
o Ir7geparture: Itregularity of departures (I77geparture = w)

The mean of arrival and departure intervals is the he;flwzf;“;]rsldl t'imzsv:;\rlalnce
would be similar to boarding and alighting variance if there were no traffic lights and
starting schedules were followed to the letter. Equation 6.20 is the particular case
where irregularities for arrival and departure are random (I77arivals = 177 departures =
1).

Empirical observation shows that using the coefficient of 0.7 mimics the se-
ries of probabilities in high-frequency (above 80 vehicles per hour) busways in urban
conditions. In fact, empirical observation of busways with full BRT characteristics do
tend to saturate at around 80 vehicles per hour, and for a busway 0.4 is considered
the beginning point of station saturation, so service planners will avoid designing
services with frequencies where x > 0.4. In any case, queuing time per vehicle can be
expressed (as a portion of an hour by):

Eq. 6.30a

0.7%22 1

Ta= F
— % [Iinside

Where:
e T,: One vehicle queueing time at each station;
o z: Saturation of the station;
e Fiside: Number of buses per hour inside the busway;

Since empirical observation shows that this phenomenon is just as well captured
by the much simpler formula above, it is not necessary to use the theoretical formula.
It may also be interesting to note that this equation can also be written as a function
of dwell time and saturation, or only as a function of dwell time and frequency inside
the busway, as the three are related by Equation 6.25:

Eq. 6.25

x =Ty * Finsige < Td = =

Finside
Where:
e Ty: Dwell time per bus;
o x: Saturation of the station;

e Fiside: Number of buses per hour inside the busway;

Eq. 6.30b
Tq:0.7*332 1 :0.7*:1: x :0.7*x*Td
1—2 Fiside 1 — 2 Finside 11—z
Ty = 0.7 (Td * Finsicle)2 1 _ 0.7 * Tg * Finside
=

1 — (Tq * Finside) Finside S 1- (T4 * Finside)
Where:



e T,: One vehicle queueing time at each station;
o z: Saturation of the station;
e Fiside: Number of buses per hour inside the busway;
Going back to Equation 6.24c
Travel time inside the corridor can be expressed as function of the frequency
inside the corridor:

Eq. 6.24c
2
L. L orri 0.7+T 7 % Fips;
TT . = corridor +T sk Ngati TT iy, = corridor d *Tinside
inside Vinside-no-congestion a stations inside Vinside-no»congestion 1—(Tq*Finsige)
Nitations
Where:

e TTiside: Travel time per bus inside the busway;

e Leormidor: Length of the corridor;

* Vinside-no-congestion: Velocity inside the busway if there is no queueing at
stations;

e T4: Dwell time per bus at each station (equal for all buses in all stations
in this scenario);

e Fiside: Number of buses per hour inside the busway;

e Ngtations: Number of stations along the busway.

Because it is assumed in this case that all stations will saturate equally (because
the boarding and alighting customer volumes and frequencies are assumed to be con-
stant), one can simply add the free-flow speed (Wﬁzm) to the queue delay
at each station and multiply it by the number of stations (Ngtions)- Later, it will be
necessary to calculate the queue delay at each station and sum it across stations.

On the BRT corridor, if our sample frequency of 80 vehicles inside the corridor
is tried, the travel time per vehicle inside the corridor is:

0.7%0.42

1-0.4
( ( )

TTinside (Finside = 80) = 0.2 + *10) = 0.2233hours

By fixing the other values in Equation 6.17 as proposed for our scenario (Lcorridor =
5km, Vipgide-no-congestion = 25km/hour, Ty = 18seconds (or 0.005 hour) and Nytation =
10), one can calculate the travel time per bus inside the corridor (7'T}siqe Shown in
the graphic on Figure 6.35), as a function of the bus frequency inside the corridor, up
to the maximum Fiy, = 200. By considering that Fsige = 200—Fjpsige and using
equations 6.16 and 6.17a, one may also calculate total aggregate time as a function
of frequency inside as shown in Table 6.18.

On the figure, the orange line, 7T yside, Femains constant at 0.5 hours, as de-
scribed earlier, regardless of the frequency of buses outside the corridor. The blue
line, however, increases as a function of bus frequency, from a minimum of 0.2 hours
to a maximum reaching toward infinity (i.e., the vehicles are not moving at all) if all
200 vehicles are included in the BRT corridor.

*
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Figure 6.35. Scenario | travel time inside the BRT corridor (blue line) and outside the BRT corridor (orange line) as a
function of bus frequency brought inside the corridor. Elebeta.

Figure 6.35 shows that the travel time within the bus lane reaches the travel
time outside of the bus lane at approximately Fns4e = 179. Thus, if 179 vehicles
were included inside the corridor, there would be no benefit at all. Above 179 vehicles
inside the busway, the travel time would be slower than the mixed traffic.

One should keep in mind that the travel times will affect all vehicles and that it
is not actually the per bus travel times we are interested in but rather the aggregate
travel times inside and outside the corridor (AT Tjnsiqe and AT Tysige)- More pre-
cisely, we are most interested in the aggregate travel times for customers inside and
outside the corridor. However, in this simplified case, where customer volumes are
the same from one bus to another, we leave customer volumes out of the equation
with no consequence.

Aggregate travel times give the full picture of the overall benefit to all customers
inside and outside the corridor each time a vehicle is added to the corridor. By opti-
mizing the aggregate travel times inside and outside of the corridor so that the total
aggregate travel time is minimized, we find the best Fj;4 for the corridor.

Continuing the example, one can now calculate the aggregate travel times both
inside and outside the corridor, assuming that one will include 179 vehicles in the
BRT corridor. The average travel time per vehicle when there are 179 vehicles in the
corridor is 0.5 hours. So using Equation 6.23, one should multiply the per vehicle
travel time inside the BRT corridor at a frequency of 179 vehicles by 179, to get the
aggregate travel time for 178 vehicles inside the corridor. That is:

AT Tinside(Finsige = 179) = 0.5hours * 179 = 89.5hours

If one includes 179 vehicles inside the BRT corridor, then 21 are left out. The travel
time per bus outside of the BRT corridor (7' Tyusige) is fixed at 0.5 hours (again, equal
to T'Tisige ONly in this case). So one should multiply the per bus travel time out-
side the BRT corridor by 21 to get the aggregate travel time for 21 buses outside the
corridor. That is:

AT Toyside(Finside = 179) = 0.5hours = 21 = 10.5hours

Thus,

AT Troral(Finsidze = 179) = 89.5 + 10.5 = 100hours

Exploring visually the properties of Equation 6.16, Figure 6.36 shows the aggregate
travel times both inside and outside the BRT corridor when 179 vehicles are included
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inside the corridor (Fj,siqe = 178). Aggregate travel times are indicated by the blue
(T'Tipsige) @and orange (T'Tyyside) Shaded areas. Note that the shaded areas are rect-
angular in shape. This is because every bus in either category (Finsige OF Foutside) €X-
periences a travel time equal to every other bus in its category.

1.0 . N .
Travel time per bus in Scenario 1(as function of F ,4,)
08 and Aggregated Travel Time for 179 buses/hour inside the busway
0.8
ATToursige =
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Figure 6.36. Scenario | aggregated travel times, obtained by multiplying by the fixed travel time for all buses (0.5)
by the number of buses inside the busway (179, represented by the blue shading) and outside the busway (21, rep-

resented by the orange shading), one should get AT Tjngide (Finside = 179) = 89.5hours and AT Ty ysige (Finside =

179) = 10.5hours, respectively. Elebeta.

One can already tell that Fjs4. = 179 is not the optimal frequency for this
corridor, since one knows that total area (an AT Tyy, of 100 hours) is not the lowest
aggregate travel time that is achievable in this example and can be diminished. Figure
6.37 shows an example of a reduced area for Fj,sq. = 150 totaling 70.75 hours, i.e.,
AT Tioral (Finside = 150) = 70.75hours.

o Travel time per bus in Scenario 1(as function of F ,q.)
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Figure 6.37. Scenario | aggregated travel times, obtained by multiplying by the fixed travel time for all buses inside
the busway (0.305 hour) by the number of buses inside the busway (150, represented by the blue shading) added
with the travel time outside th