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SUMMARY

BRT Bus Rapid Transit (BRT) is a relatively new reaslith a wide range of applications
that are still not well understood. Its explosivewth in developing and developed countries has
increased its exposure but has led to mostly exygarial implementation with mixed results.
Therefore, better understanding about the reasehindd BRT implementation success and
shortcomings is needed. The objective of this thesito evaluate the state of BRT planning
under different contexts by assessing how backgrdbeory and practical implementation of
BRT systems compare. The main analysis methodscemprised of a critical literature review
and a case study approach.

The thesis begins with a literature review of tharacteristics of BRT systems and how
these relate to performance in terms of operationst, and sustainability, as well as some
findings about its implementation. Chapter 3 thewiaws the major planning guidelines for the
US and for developing countries, compares themnd ¢ommon ground, and contrasts their
scope and methods. These guidelines were found #gorbajor step forward in planning but still
suffer from regional bias and the lack of a sourtdeoretical framework.

Before initiating the case studies, an overviewths#f state of the mode worldwide as
compared to rail transit was performed in ordept things into perspective. This overview
looked at the number of systems in the world, a agetheir extent and ridership. BRT was
found to be a rapidly growing mode, especially mtih America and Asia, but the levels of
ridership were much lower for developed countressexpected. From all these systems, a pool
of 20 that represent the most well known, establisand arguably successful systems was
chosen. This included systems in Western Europst Esia, Australia, and the Americas in

developed and developed countries alike. Finalg, ltst was narrowed down 13 case studies



using a BRT scoring framework and selection citeleveloped by the author that is based on
the review of Chapter 2. This list represents sgysten United States, Canada, Australia,
Mexico, Brazil, Colombia, and Ecuador, and was ehdsr an in-depth analysis and evaluation.

This evaluation was first performed through a gatie perspective. This approach
classifies BRT systems by characteristics and asseshe relationship between their
implementation and performance using the criteg@ingd in the literature. This analysis found
profound differences in the conception, applicatimmd performance of BRT, which are related
to historic, economic, and institutional reasonewidver, the common denominator was strong
ridership with respect to previous modes and coitiypetcosts (except Boston), on the
“positive” side, and rushed, incomplete implemdntaton the “negative”. Aside from system
elements, which have a large effect on performatioe, most significant aspects affecting
performance were the service pattern and integrasivategies. This analysis did not find
particularly difference in benefits between thefedént fare and subsidy structures used,
although it is well known that all systems have upesior scheme to that of unregulated
transport, and that over-subsidization leads tcegsing inefficiencies.

Quantitative methods build upon the previous asialyo more precisely assess their
performance from both the users' and the transiwigers' perspectives through application of
traditional and novel key performance indicator® (K This method allowed comparing systems
more directly and finding enormous differences jpem@tional and cost performance. However,
some of these differences do not appear to ar@e & particular context, but rather from a

different application of BRT components.



CHAPTER 1. INTRODUCTION.

Developing sustainable transportation strategissdeaome a major focus of many cities around
the world. Such strategies can range from impropedestrian and bicycle infrastructure to
investing in metropolitan rail systems. In majotied, where longer distance, high capacity
services are necessary, city officials often debi@emerits and costs of rail systems versus bus
services. Each has its own advantages given speaifitext, with rail systems usually providing
higher capacity, higher speed service, but oftenwath higher costs. Over the past two decades,
bus rapid transit (BRT) has emerged as a majomaltiwe to a rail versus bus debate. Although
BRT systems are found in cities throughout the @jotheir greatest success has occurred in
developing countries, where people demand a higlitguransit system without having to pay
the high price of heavy rail, a lifelong dream foany developing countries unable to afford
large scale infrastructure development. For thebarucenters, BRT has become, in roughly 10
years, the alternative choice for mass, yet affoleland quick-to-implement, transit. It portrays
a different picture of the role that buses can jphagublic transportation, an echelon above what

regular bus service offers, entering a realm tiawaktly reserved for rail-based transit.

The purpose of this thesis is to examine the sgcees failure of BRT systems around the
world, to identify what is necessary to make BR$tegns an important component of an urban

area’s multimodal transportation system.



1.1. Context

Bus Rapid Transit is a relatively new concept th@t suffers from ambiguous definitions.
Before the turn of the century, only isolated casash as Curitiba (Brazil), Ottawa (Canada)
and later Adelaide (Australia), among a few otheresented early forms of a distinctive, bus
based-system that exhibited a higher degree ddhiéty and versatility than that of express
buses in urban corridors. However, it was in the 1290’s, that a new wave of systems in Quito
(Ecuador) and Bogota (Colombia), which based ttiesign on Curitiba’s system, came to form
what is known as the Latin American BRT model, hgva set of common technical, financial
and institutional characteristics. This model hasrbemulated recently in developing countries
like China and India, and also in the United Sta&sen the different cultural, economic, and
political contexts of these countries, new experemas been gained on the potential and
flexibility of BRT, and also on its shortcomingsegbpite its taxonomical ambiguity, BRT is now

recognized worldwide as a separate mode of trategpmr with unique characteristics.

BRT has often been misunderstood because it hasrheapplied. Even if only elements of a
fully featured BRT have been implemented, its ‘@scname is almost always used not only
due to taxonomical confusion, but for its higherrketability compared its “inferior cousins” (
“busways” or “bus improvements”). Such misunderdiags trouble academics and practitioners
alike, and can give the wrong impression to theeganpublic. Most people do not know the
characteristics of BRT and generally underestinthte system’s ability to transport high
passenger demand with a reliable and comfortaloleécee A first step in this study is to provide

an adequate definition for Bus Rapid Transit, ancktate existing systems to this definition.



The relatively recent development of BRT systenet thmost of the academic literature and
planning guidance has been written during the dastade. Most studies have investigated the
characteristics of BRT and how it compares with eotmodes in terms of cost and
implementation. Examples include documents from #ederal Transit Administration
(Levinson et al, 2003), the Transportation Resedolrd (Levinson et al., 2007) and the
Institute for Transportation and Development Polig¥right and Hook, 2007) that have
examined costs, transit oriented development (T@ipacts, service characteristics, planning,
and implementation. Agencies in the US have seaeased incentives to develop BRT lines via
the FTA New Starts and Small Starts funding prograout the overall future for BRT systems
is still unclear. Close monitoring of continuingpexience with BRT is crucial to understand the
boundaries and applicability of BRT systems. Redeaeeds to move on beyond the early case
studies and focus on the maturing of older systemAustralia, the United States and Latin
America, the early experience of newer systemshm&; India, and Africa. Special emphasis

needs to be put on how BRT affects its users amththader community it serves.

BRT is still a relatively new mode, giving rise ttany policy questions. Most importantly, will

BRT grow to become a more important mode in underidped and developed countries alike,
or, will it primarily be limited to a niche market@ many ways, it may be too early to answer
this question, as few BRT systems have come of agen true lifecycle costs can be
determined. Nonetheless, there is preliminary perémce and financial data that show the

current state of the mode and at provide somehhsanp its future.

If BRTs evolve to emulate rail transit in perforncarand appearance, and provide an advantage
in costs, public perception could become very falste. Such parameters could affect ridership
and system design. Having this in mind, this thegit examine the full spectrum of BRT

3



services using the state of the art in researchpamfbrmance (international case studies), in
order to determine the reasons behind BRT sucaedsfaalure This goal translates into the

following tasks, no particular order:

1. Describe the characteristics of BRT systems, etalddferent definitions of BRT and
determine the characteristics that make up theS§aitdms. This is based on both a
literature review of reports such as Charactegstt Bus Rapid Transit for Decision
Making (CBRT: Diaz et al., 2009), and the TCRP Repa Bus Rapid Transit, vols. 1
and 2, (TCRP report 100: Levinson et al., 2003)el as other research that focused on
the same objective. Characteristics are also obdahrough a case study approach, since

they are also important to describe findings new/jmusly observed in the literature.

2. Assess the relative importance of these charatbtsriand determine their interactions
and implications. While basic characteristics carebsily determined and do not change
rapidly, the role that each one plays independentig the positive and negative
synergies are still not completely understood. Angasystem that helps categorize
different BRT systems should be developed. Impoérpangress has been made in the
literature in this aspect since 2004, but is hasbeen sufficient. To achieve this goal, a
study of recent systems is undertaken, as mantdrgéeaching us different ways of
designing and implementing BRT systems; some paifgg as expected, some even
more successful, and others underperforming. Radoce will be assessed using both

the transit agency and user perspectives.

3. Develop recommendations for planning, design amal@mentation, focusing on the key

elements to stress under specific situations. Tils be done not merely from an



engineering perspective, but taking into accouatfthancial and social environment in
which the BRT service will operate. The TCRP BugiRalransit Practitioner’ Guide
(TCRP 118: Levinson et al., 2007), the CBRT (Ditalg 2009) and the BRT Planning
Guide (Wright and Hook, 2007) offer many recommeiats, but a synthesis combined
with innovative analyses, could prove highly usefohe main outcome expected from
this step is to come up with a way to evaluatereet system and suggest improvements
that do not rely only on expertise. In a similasHen, using the same principles to
suggest the best design alternatives based onxtomtelld maximize BRTs’ potential

and drastically reduce inappropriate applications.

As part of this research, some specific questiores addressed in qualitative and

guantitative ways:

* How can success be measured? Performance measuds, as capacity,
coverage, productivity, dwell times, headways? (@estefit? What about service
quality, ridership, equity, popularity, image? What the time span for its

measurement and assessment?

* Why are BRTs more successful in some places thearsR

* For this level of success, how much can be atedbuto design? To
implementation? Political, community and governrakistructure involvement?
Ownership structure? Wealth and socio-economictira (e.g. value of time)?
Culture? How do these vary across the world? Alttrage lines, which reasons

for success or failure can be described as systenticcumstantial?



What is the relationship between cost and succdss?here a variable
relationship? Is it possible to estimate margireaiddit with respect to investment

(e.g. adding a new feature)?

BRT is touted as the best transit solution for dmveag countries. What about
developed countries? Aside from operating costbfiitials, institutional aspects
are important factors. For example, how effectiaes lthe federal initiative to
promote and support BRTs in the US been? How deetliary in other countries

as well?

Will BRT be able to gain widespread recognition astdtus as a serious
alternative/complement to both heavy rail transiR{T) and light rail transit
(LRT) services? What lessons do cities like Ch@itend Bogota have in this

regard?

With respect to the recent proliferation of BRTEa@ler the world, how of this
phenomenon can be attributed to ‘success’ (costpanfdrmance), its promoters
(consultants, academia, INGOs), governmental ecansuopport, or just being
‘new’? Is there any evidence of massive ‘copy/padesigns and inappropriate
implementation in developing countries? What irrapée damage could that
cause to the future inclusion of BRTs in other digm@g and developed countries

when this initial success and marketing wave ig®ve

For cities planned mostly for cars, such as Miadayston and Atlanta, how can
BRTs work more effectively? How much investment Wiobave to be made to

make the current infrastructure more accessibléransit and BRT-friendly?



Feeder services are crucial for high speed BRTsv Hould the feeder system

work in such cities?

* What about the cultural aspects of buses as arydasetransit option? Are they
seen as being much inferior to rail by prospectisers? Would a large publicity
campaign be needed to change people’s minds wgardeto this, or should

performance speak for itself?

 Does BRT, compared to other systems, have advantagejust in performance
vs. cost of investment, but with ownership struetaompared to other systems,
e.g., being more conductive to public/private ficiag? What added complexities
would there be in cities with previous HRT systdi®ao Paulo, Mexico, Boston)

compared to cities with no previous rapid masssitdBogotd, Curitiba)?

Not all of these questions will be completely andenor will all answers be considered
satisfactory. But the goal of this study is to gaimuch better understanding of BRT
applications worldwide. The challenge really shootd be about modes, as they tend to
converge with advances in technology. It is abandifg flexible ways to implement

sustainable transportation that makes sense ftcyplar urban contexts.

1.2. Thesis Organization

The next Chapter describes the characteristicsRT Bs examined in the current literature,
while Chapter 3 explores current best practice8®T planning. Chapter 4 analyses the state of
the practice in BRT implementation through varidasses, relates it to best practices, and

concludes about the current state of the system.



CHAPTER 2. CHARACTERISTICS OF BUS RAPID TRANSIT

2.1. Definition

TCRP Report 118: Bus Rapid Transit Practitionerigsd® (Levinson et al., 2007) defines BRT
as “...an integrated system of features, services, amenities that improves the speed,
reliability, and identity of bus transit”. Alongéhsame lines, Levinson et al. (2003) define it as
“A flexible, high performance rapid transit modetltombines a variety of physical, operating
and system elements into a permanently integraystere with a quality image and unique
identity”. The Bus Rapid Transit Planning Guide (@t and Hook, 2007) defines BRT as a
“high-quality bus-based transit system that defviast, comfortable, and cost-effective urban
mobility through the provision of segregated rigiftway infrastructure, rapid and frequent
operation, and excellence in marketing and custoseevice”. Of these definitions, the most
satisfactory (and most recent in print) is the @nevided by the TCRP Report 118, since it
specifies BRT as being bus-based and relates sechiaracteristics to performance. The other
definitions either do not mention buses or aredobjective. While the mentioning of buses as
part of the BRT definition might seem nitpicky,ist still needed to specify the type of vehicle
used and the operating characteristics that dyreetate to its attractiveness as a transportation
mode. And while cost-effectiveness is one of the@nmadvantages of most BRT systems,
especially in the developing world, it is not aidafg characteristic per se; similarly, excellence

in marketing and customer service should applynoteansit mode, not just to BRT.



The literature has also offered various charadtesisof the BRT system (Wright, 2004),
especially after the Transmilenio system in Bodmidke some paradigms and set new trends.
The main elements that make up a BRT system atgning ways, stations, vehicles, fare
collection, ITS, service and operations plan, arahiing elements (FTA, 2009). The degree of
advancement in each element and the way they degrated determine the bus transit
performance levels achieved. In Bogota, for examiplsways were implemented prior to the
Transmilenio system and the results were betteratipas in a mixed traffic environment, but
did not come close to Transmilenio’s numbers andliju A novel to approach to system
characterization was offered by Hoffman and Cab0@), who, instead of trying to define BRT
as a single mode meeting some specific charactstisubdivided the system into “Quickways”
(e.g. in Bogot4, Ottawa, and Brisbane), and “Liglaiil Lite” (Los Angeles, Miami). Defining
these major ‘submodes’ of BRT was important becatideelped understand the prevailing
differences in philosophy and application of thegstems between the United States and the rest
of the world, and the impacts the different systemight have in future application and
ridership. In practice, however, it may become easingly difficult to characterize a new BRT
system of being of one or another type. In lightro$, the ITDP Planning Guide (2007) clearly
distinguishes between BRT (e.g. MetroBuahd fully featured BRT (e.g. Transmilenio), and
puts both in a bus transit continuum. Providingeaiof characteristics with different levels of

BRT implies a qualitative continuum helpful to gectitioner.

The literature also lacks a systematic definitibBRT that includes a quantitative component.

While there will always be a ‘gray area’ when defgha mode, it is important for decision-

! This document was printed when Metrobus had recently opened, had only one line (Insurgentes), and lacked
many features (Hidalgo, 2008). Now, only an echelon behind Transmilenio in terms of throughput (no overtaking
lanes at stations), in could be included among the exclusive group of fully featured BRTs.

9



making purposes to establish quantifiable meastin@$ relate system characteristics to
performance, even if the latter is context dependgrlassification method for BRT in Chapter

4 will attempt to bridge that gap.

2.2. Performance

2.2.1. Cost

The major advantage BRT systems have over othesitralternatives designed to serve the
same market is its higher cost-effectiveness. Deshe arguments made by advocacy groups
such as lighrailnow.org, which claim the cost adages are not real even in the short term, the
literature generally agrees that there is a bifeihce in capital cost with respect to light rail
transit (LRT) and an order of magnitude cost savingth respect to heavy rail transit (HRT),
which also has higher operations and maintenan&j@osts on average (Zhang, 2009). GAO
(2001) found capital cost advantages compared itp biat mixed results when comparing
operational costs. This study only considered UStesys (many of which could not be
considered ‘true’ BRT by a strict definition) andedated newer, more BRT-like projects.
However, there is no new evidence that suggesiffeaaht trend, despite outliers such as the
Boston Silver Line-Waterfront (this one in terms a#pital cost), a case study in this thesis.
Bruun (2005), using parametric cost functions, &la$s et al. (2005), segmenting BRT by 3

types, both suggest slightly higher operating céstsBRT when compared to rail service as

10



capacity increases past a threshohiit operating costs are consistently lower thaguliar bus
service, due to greater efficiency in service.

It is important to point out that these and otherilar studies are based on US-specific values
coming from the national transit database (NTD)icwistill does not consider BRT as a distinct
mode. Consequently, the costs tend to reflect ihabnsidered “Bus Improvementsivhile
basing higher-end options on hypothetical valuBsese are the same values used by consultants
and transit agencies nationwide, so a practitisheuld be cautious when using reference values
even in a pre-feasibility planning phase. It wobkl more appropriate to use component values
such as those suggested by Wright and Hook (200d)aajust them based on local market
conditions.

However, most recently, researchers have beenirageaiore sophisticated spatial models that
remove modal bias and take into account a more cEimepsive economic framework, while
using unbiased parameter estimates. Daganzo (2008glled a typical city’s network and
treated public transport a logistics problem. Heinfb that high quality BRT was more
competitive than the car unless density and demagerd too low, and always more competitive
than other modes as long as there is enough raamk $p fit it. The results are being applied to
Barcelona. Hensher (2010) applied data from Ausatasystembto a user and agency cost
theoretical model and showed that BRT outperfordmagl modes unless speed differentials were
significant. To showcase cost advantages beyonddjation-specific boundaries, Hidalgo

(2005), using an adjusted international averagewsl a present value cost favoring BRT

* This study uses a robust methodology but bases LRT’s benefits on variable size trains to accommodate higher
capacities with lower labor costs. However, this scenario does not consider user costs or network characteristics
present in real life transportation systems.

* This submodal denomination applies to traditional bus service with marginal improved operations, such as TSP or
GPS tracking.

* This data includes higher crew cost per vehicle for LRT.

11



investments for high capacities. This study wasigant because it attempted to normalize
performance across modes and performed a lifecpgdecomparison. However, since the origin
of these costs is not reported, it is difficult determine if any system, especially in the
developed world, would be represented by this @yeekalue. In the most comprehensive study
of BRT characteristics relating to performance tied Hensher and Golob (2008) took 44
systems (creating dummies for ultra-expensive systigke Boston’s) and developed a statistical
analysis, identifying key variables related to asfiructure cost performance. Infrastructure costs
were found to be most dependent on traffic sigmalripy (TSP) improvements and number of
terminals, with no significant influence on locatior level of economic development. In this
case, then Light Rail Lite type systems could b&tlmy than “Quickways” like Transmileno, or
at least much less cost-effective than those istne. It is important to note that recently
planned systems in the US are higher investmeridethan previous ones on average and that
the FTA is supporting this trend (Cain et al, 2006)

However, operational costs were not part of thedystuBecause the difference between
operational costs in developed versus developingntces could help explain the varying
success across the globe, there is a need to peaf@omparative study of all types of costs for
all regions. The major hurdle in developing thigeyof research is the availability and reliability
of data, especially in developing countries. Alde lag between data collection by the agency
and publication of results during a fast paced enmntation may render results obsolete
especially since much innovation is going on tecalhy and financially. A universal, ‘real-time’
database would not erase these shortcomings, aipenithe short term, but would be a step

forward in transit research.

12



Another topic mentioned in the literature cost etifeeness of both network expansion and
technical improvements. TCRP Report 118 (Levinsbrale 2007) showed a positive linear
relationship between investment and performancel provided for cost effectiveness of
different elements. This study is the only one tsf kind and helps practitioners follow a
procedure for determining what they should inclunldgheir design. However, its results are
based on regression using average values so it doegake into account the order of

implementation or other structural characterisaiffecting component performance.

2.2.2. Service

Transmilenio (Bogota) has shown that BRT can evepass LRT systems in capacity, and rival
most HRTs around the world as wellThe main reason behind this unforeseen performéoc

a pre-BRT reference, read Vuchic (1992)) was th@duction of passing lanes in the vicinity of
all stations, allowing for different types of rostéhat optimize passenger throughput. This
configuration exponentially increases capacity @aanuch easier to implement than its rail
counterpart. If combined with higher capacity buased optimized station design, the theoretical
limit for BRT capacity could extend beyond 50.00tr/dir without compromising reliability
(SDG, 2007), a value usually achievable only byhhigvestment moving block HRT systems.
With this type of design, BRT can also achieve hogimmercial speeds with greater station
density and shorter headways. Even if typical spéede been found to be in a range lower than
LRT and HRT, the difference is less due to tecHnit@riority (especially when compared to

LRT), than the tradeoff between speed and accéssithiook and Wright, 2007). For example,

’Hook and Wright, 2007.ITDP Planning Guide Appendix. Volume = 45.000 pax/dir-hr
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the O-Bahn in Adelaide has speeds that rival maistsystems but also higher average station

spacing than any other BRT in the world.

A third performance characteristic commonly mergimn the literature is route flexibility and
network connectivity. Hensher (2007), mentions meknsize and service coverage as the main
reason for the mode’s potential. This is why, ewath high station density, travel time remains
competitive with faster systems, as transfers adeiced (FTA, 2009). In terms of comfort, no
definitive study has been made that quantifies¢heracteristic for high-speed BRT systems for

a similar level of throughput.

2.2.3. Sustainability

BRT is widely considered to have considerably fastglementation times (Levinson, 2003;
Ardila, 2004), and this reduces investment risknan component in economic sustainability.
Hensher (2007) finds BRT aligned with sustainapiind value of money principles after
reviewing successful cases in the Americas andralist If relative high performance comes at
a fraction of the cost of comparable rail systemd with a possibility of no direct operational
subsidy, then the system has the potential of beimaye economically sustainable than
otherwise. This is an argument that the World Banéd NGOs like EMBARQ and ITDP use to
justify the implementation of BRT systems, espégi@ developing countri€sMajor efforts are

focused on innovative finance using PPPs in oml@ush BRT projects closer towards financial

feasibility. While the upfront costs have been sddexhaustively, the only complete economic

°A noteworthy case in the US was EMBARQs response to the governor of Maryland’s modal decision on the Purple
Line based on the alternatives analysis submitted to the FTA.

14



evaluation of these systems that has been publigieeit not in an international peer reviewed
journal) is a study by Echeverry et al. (2004) whanalyses Transmilenio in terms of its overall
impact in the city of Bogota. While Pefalosa (2086) Ardila (2007) found inconsistencies in
this evaluation, it serves as an example of the tyfpevaluation should be attempted for many
systems in a mature stage of operations. The mgsbriant contribution of this study was to
look at the effects on Transmilenio on the cityaag/hole and not just the corridor it ran on.
Since it displaced old routes to other corridorg] ¢he old buses were not retired, the overall
congestion and pollution benefits obtained were mdower than expected. The high

infrastructure costs of subsequent phases mustedsme the B/C ratio significantly.

The environmental aspect is seen as a weaker poBRT systems since the average American
system sees higher emissions than similarly agddparforming LRT (Puchalsky, 2006). The
main reason behind this result is that most syst&tiisuse high sulfur diesel, which usually,
emits more than electricity in SO2 and PSince these are mobile, urban emissions, not only
could they affect a greater part of the populatiwore directly, but are perceived as worst even
when their levels are lower than those in eledtrigeneration plants. Despite the industry
having shown major improvements in efficiency atehner fuels in the last decade, only until
recently have the larger systems in developing t@mexperimented with hybrid-electric buses
and low-sulfur diesel. This step is significantcgresearch done by (Vincent and Walsh, 2003;
Vincent and Callahan, 2007) determines the poteotiBRT to be effectively cleaner than ralil
technologies once cleaner fuels and hybrid teclyiedoare generally adopted. When part of this
debate, researchers must remember that BRT dodmweta set fuel type behind it; the obvious

technologies it could use in the future, such alrdyen, have already been tested. Perhaps, even

15



fully electrical vehicles could be used when thehtelogy permits and the electricity generation
becomes cleaner. This could virtually erase the igayehicle emissions it has with LRT, its

main ‘rival’.

Systems in developing countries vary greatly iimterof fuel quality and emissions but are
generally dirtier per mile travelled than in deyed countries. Sepulveda (2007) explores this
when noting that an expanded Transmilenio (TM) fbeest with the current diesel quality would
increase pollution significantly. However, sinceotighput is much higher, the impact per capita
is not as high as in most American systems. Alse, 1 the positive impacts of systems like
Transmilenio and MetrobUs (which uses LS Dieséiythave received millions of dollars for
carbon reduction through Clean Development MechafGDM) programs, which are available
for developing countries. These findings show tihat evaluation of transit systems still lacks
comprehensiveness. No article in print has donenaparison in terms of sustainabilityeither
within or across modes, so many questions arauteihswered. Would investing in potentially
high cost cleaner technologies limit some of itstadvantages? This is difficult to determine
with certainty, as it is difficult to estimate tl®sts of the new technology when first being
implemented. Also, in countries with private seevprovision, how the implementation of newer
technologies would come into play with private @ters would work is something to wait and
see. Nonetheless, it is probable that these bugkguickly equate in price and reliability to
petroleum based buses. Overall, while bus systeithscwrrent mainstream technology can have
a disadvantage with respect to rail depending erwthere electricity is produced, there is no big

enough advantage that warrants a modal supremdbisiarea.

’ For a first step in an evaluation in terms of sustainability for bus systems under similar contexts, refer to Campo
(available Jan 2011).
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2.2.4. Implementation

Implementation greatly differs between the Unitddt&s, Latin America, and Asia. The most
successful BRT implementation model so far has kbenLatin American model (Hidalgo,
2008) due to the strategies taken to overcome teeaping bus system and the relative ease
with which a strong government can act (Ardila, £00Regulated competition for the market’,
a concept that describes a PPP with a few bus gunamd operating companies, a public agency
overseeing operations and setting the rules, adeépendent fare collection and revenue
distribution, has been replicated in many countiredatin America and has been relatively
successful at least in the short term (Ardila, 900his organizational structure worked in
Bogota and other cities mostly because it was desigo legally displace the old bus and
inefficient service from the BRT corridors (Hidalgmmd Sandoval, 2003) through restricted
negotiation, as the bigger unregulated bus compamée invited to join the bid process. This
selective contracting approach proved to be a smave to get the Transmilenio going quickly,
but it also could be a reason why scrapping olébimas not been that successful (Ardila, 2007).
Mexico City with its newer system, Metrobus, hagist slightly different structure in that the
public agency also operates buses, but has beem moie successful in removing the displaced
buses from the city streets (CTS, 2009). No thoncaugalysis has been made on the topic.

Due to similar prevailing service provisions, inuiteast Asia and India similar strategies have
been tried but they have not been as successfalibedhe political and cultural climate there is
different (Hidalgo, 2008). Implementation in thasmuntries, especially in India, has been rushed
and many systems could not be considered BRT duheg first years of operations. The

tendency, however, is that through increased iate@mnal cooperation and feedback from past
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failures, newer systems will correct some of thplamentation mistakes (Hidalgo, 2008b). The
results are yet to be seen and it would take aleafpyears for new findings to be published.

In the United States, the situation is differenthat much transit is publicly owned and operated.
Here, the FTA (with its motto ‘Think Rail, Do Bushas been investigating and supporting
different BRT experiments in the country, fundirganprojects under the New Starts and Small
Starts programs. The efforts have produced systendifferent as the Boston Silver Line and
the LA Orange Line. Private organizations such ees National Bus Rapid Transit Institute
(NBRTI) and GoBRT, affiliated with research univiées, have collaborated in understanding
and advocating for quick implementation.

Results from this collaboration has produced stullie that of Cain et al. (2008), which looked
at the possibilities of implementing a Transmilestgle system in the United States. This
research acknowledges the prevalence of the LREteaginn the United States and identifies the
barriers and opportunities of implementing a trueTBsystem instead of just a simple route
along a line. In this study, it was found that whilus transit in the US suffers from lack of non-
captive ridership, unattractiveness to private stees, and little understanding among decision
makers when compared to Latin America, it coula dsnefit from growing support for more
cost-effective options and more rigorous technstadlies.

As suggested by these articles, the institutioraméwork is the main barrier to replicate a
successful model from overseas, but it does natgotehigh quality and successful systems to be
implemented. The second aspect to be studied regarthplementation success is the
relationship of BRT network and land use. A handfiustudies, of which Rodriguez and Mojica

(2009) is the most recent, look at BRT impactsamdlvalues. They suggest significant property
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appreciation benefitting from increased connegtidie to system expansion. However, the

relationship between these benefits and equitaniece quality has yet to be established.

2.3. Concluding remarks

Previous research about characteristics of BRTesystand their relationship to performance has
shown that BRT is indeed a distinct mode with urigamponent characteristics and service that
can make it valuable and successful in many casitiThe literature reviewed describes the
service, environmental, and implementation charettes of BRT system that make it unique
and appealing. However, research specifically lacks better understanding of how
implementation plays a role in the relationshipwssn characteristics and performance. This
thesis will build upon this relatively unexploreélationship regarding BRT systems planning.
Chapter 3 completes this literature review by tgkan look at the existing BRT planning

guidance.
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CHAPTER 3. PLANNING BUS RAPID TRANSIT — STATE OF TH E ART

3.1. Overview

As discussed in the previous chapter, the charatitsr of Bus Rapid Transit have been widely
studied. Yet it has been only recently that pobeiented research was done and planning
guidelines were developed for this mode. These meats are a first attempt to link the
observed aspects of BRT to best practices in sydiemrelopment. Application of their
recommendations is supposed to improve the way By@iems are planned and implemented.
Decision-making based on guidelines is importantesiso many systems around the world are
currently in planning and phased implementatione Thore that BRT systems learn from
previous experience, the better their use of saasmurces and the credibility of the mode.

This chapter looks in depth at the most importasearch on BRT planning, and makes the case
for a synthesis of information that can be usednbwer systems, incorporating state-of-the-
practice analysis approaches. For congruency withapor theme of this thesis, | stress the

importance of considering context within plannimglamplementation.

3. 2. Practice Guidelines

3.2.1 Planning
The literature (Wright and Hook, 2007; Levinson at.2007) makes it clear that practitioners
must first understand the constituent parts of Bi§tems and keep them in mind throughout the

project. Although not openly stating it, expertsesgthat the more BRT differentiates itself from
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regular bus service (RBS), the higher the chané¢dmplementation success. This “growing
apart” from standard incremental bus service imgno@nts in planning is considered one of the
main characteristics that differentiate highly sssful projects (e.g., RIT (Curitiba, Brazil),
Transmilenio (Bogotd, Colombia) from less succdssines (e.g.TransJakarta (Jakarta,
Indonesia). However, knowing the basic BRT distirctelements and their relationship to
performance is not enough to plan appropriately. tFansit planners to achieve this level of
success without making the mistake of replicatigygtems seen elsewhere, planning should
generally follow a systematic approach. The ITDRAdéusummarizes the following planning
steps, which will be used in this thesis, complet@@nvith other sources.
First, project preparation would include:
» Initiation: Look for local political leadership.
* Modal technology:Pick a desired technology based on cost-effectisen ease of
implementation, and overall impacts.
* Project setup:
o Select an interdisciplinary project team based wped consultants and local
government officials.
o0 Select the funding sources and design financinghar@sms.
0 Set the scope of the project large enough to stdh financially sustainable

ridership but not too large as to compromise effedmplementation.

Demand AnalysisDepending on the data availability and the budgeg, either a quick

assessment method or a full transportation netwaéel.

Corridor selection:
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o Chose an alignment based on demand, physical tiong network advantages,
costs, implementation, politics, and social equity.
o Do not be limited by spatial constraints. One @ thain strengths of BRT is that
it can adapt to a variety of conditions.
* Communications:

o Perform an inclusive stakeholder analysis.

o Initiate a public participation process.
This first step is standard for any type of trarginning. The authors include the modal
technology sections possibly to avoid portraying@dal bias, yet a BRT guide must assume that
the bus alternative has been chosen over its aaihterpart. This discussion then helps to
approach the cost and capacity advantages of BREF other modes. The comparison is
valuable, but since it only provides ranges forrage costs and capacity, readers could be
mislead into overestimating BRT's relative benefRscapacity-over-capital cost ratio should be
provided so that practitioners can understand Wehal of investment is required to achieve a
certain level of capacity and speed. The TCRP Refd8: BRT Practitioners’ Guide (Levinson
et al.,, 2007) does not do exactly this, but it udgls a relationship between performance
(ridership and travel time savings) and cost (congmb and total). It also mentions that despite
BRT in the US usually costing less than comparaé investments, it should be studied for
funding in the same way as rail alternatives ([8).Z-unding programs in the US range from
“Bus Corridor Improvements” to “New Starts”, alttghua true BRT system usually needs more
than the $25 million dollar limit for the formern Ithe rest of the world, financing varies
significantly (usually is a mix of international widopment bank loans, and a combination of

national and local capital),so capital funding dstare not discussed here.
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Regarding a demand analysis, Wright and Hook (200/8 examples of the four levels of

modeling used, but Levinson et al. (2007) do a mhaetker job at explaining a quick assessment

method by using ridership elasticities.

The next major step gperational design. Its main components are:

* Network and service design:

(0]

0]

Choose either a closed (restricted to a set ofabpesr under equal rules with
centralized supervision) or open (much more relagatty barriers in using
infrastructure) system.

Choose betweentaunk-feederor adirect servicesystem, based on accessibility
needs, overall travel times, and costs.

Take advantage of the high route permutation capatBRT systems.

» System capacity and speed:

(0]

Capacity has to be enough to cope with peak denzemd speed has to be
competitive with alternative modes.

Both depend on a range of factors but are greatgrohined by busway design
(one or more lanes, intersection design), vehiegh (size, multiple doorways,
boarding level), and station design (off-board faoflection, spacing, stopping

bays).

* Intersections and signal control:

o

o

Focus on turning restrictions, especially in depélig countries.
Chose an appropriate location for a BRT statiorti{gnmiddle of a road segment
or at an intersection; on the curbside or on theliam, based on passenger

accessibility, available space, and interactiom wibss traffic.
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» Customer service:
o Design the system based on customers’ needs artd.wan
o Do not neglect signage and other forms of custoniermation.
0 Be aware of aesthetics.

0 Make security and cleanliness a priority.

This chapter in the Guide is very detailed in theyw explains how operational decision-making
affects not only costs and revealed system perfocmabut also accessibility in its broadest
social context. This is an important observatiortsithe social implications of corridor selection
is an important topic explored in this thesis.

One element of this chapter in the Guide that ctweldetter developed is its treatment of transit
signal priority (TSP). While Wright and Hook(20Qaf. 313-314) talk about cases in which TSP
is desired and give a few application examples Rraticioner’s Guide (Levinson et al. 2007,
pp. 4.26-32) includes case study and model respilis, a decision-making framework for its
implementation. In general, TSP should be impleenwhere it achieves considerable time
benefits (such as on congested routes and wheorstare located on the far-side or mid-block
part of a road segment), but it is most widely usedeveloped countries since technology is
more available and cheaper, intersections tendetoldser together, reducing signal phases is
less common, and bottlenecks are observed mosttatibns (Lleras, 2007). Recent traffic
simulation software is expected to become a fundamhéool in operational design.

The next step is to make this operational desigsetlto reality by turning tphysical design.
The key decisions to be made in this regard are:

* Infrastructure:
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o0 Chose the right busway building materials. This nsagm trivial, and greatly
depends on market pressures, but it directly afféitécycle costs and station
design.

0 Since most BRT systems have surface stations,tacttial design must focus on
temperature and weather issues, and pedestridic-traéraction.

0 Most BRT systems require transfer terminals, cdmmeaters, large depot areas.

o Capital costs must be maintained within reasonadges for BRT, but never
compromise the basic elements that make it a distmode with respect to RBS.
The main reason for escalating costs is properuiaition, sometimes a result of
pressures to maintain auto capacity. Since BRTsiimrents are usually expended
simultaneously with other investments not directated to the project, direct
BRT costs must be separated from complementarysvork

* Technology:

o Bus technology decisions are made in terms ofaikpropulsion system. While
size is standard, propulsion technologies are goatisly evolving: clean diesel,
CNG, hybrid-electric, among others, are the mostroon.

o Fare collection range from smart cards to coin-afgel machines. This
technology does not affect system performance ashms other design aspects
(even though it may compromise versatility). Theref it should be chosen
mostly for budget limits and ease-of-use.

o Intelligent transportation systems (ITS), includinghicle control and passenger

information systems, should be examined carefully.
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One of the most important topics from the aboveidisthe high variation in capital costs due to
property acquisition (e.g., Bogotd’s Transmilenii Bhase costing approximately US$20
million/mile, a high price for a developing countryBRT advocates argue that funding is
unfairly compromised when these numbers escalate tu the inclusion of external
improvements into the BRT budget. Neverthelesgiilitcontinue to be an issue, since surface
systems cannot be expected to achieve high cagmaeitid continue to interact with other modes
without incurring such costs. This topic is disagss the next planning step.

Both major guides mention the advantages and disddges of technology in terms of costs and
user benefits, but none explicitly mention how teabgy choices can be analyzed in terms of

lifecycle costs and scalability.

The next major step for BRT planningimgegration. Its main components are:
* Modal integration:
0 Pedestrian access is the most important modalratieg aspect and should take
into account connectivity, accessibility, safetydaecurity.
o Integration with other modes, motorized and nonearinéd, can greatly increase
BRT system performance and help reduce direct cesise these modes can act
as feeders into the system.
» Transportation demand management (TDM) and land use
0 These measures, meant to discourage use of thenalite, should encourage
increased use of public transit.
o0 Land use policies should go hand in hand with BRVetbpment, which has

shown to be conducive to TOD.
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Much of this final step of the planning processoften rushed and overlooked, yet it is a
fundamental aspect of successful transit plannimy @/en more applicable to BRT, given its
typical integrated/segregated infrastructure. A$ide this guide, which is comprehensive in its
treatment of accessibility, a good set of guidainere developed by the World Bank (Rickert,
2007; Rickert, 2010) that focus on designing ademusccessibility to BRT systems and
evaluating key issues. These guidelines focus end#veloping world, where budget cuts are
biased towards pedestrian access infrastructuregrentpublic transportation is largely
unregulated, and where there is usually no legisiatr adequate enforcement that protects the
low income and disadvantaged people. The most itapbrontribution of these guidelines is
how the whole user experience, from leaving thesediw reaching a destination, is accounted
for in the case of a physically disadvantaged perswr example, even the fare collection
system should be designed in a way that makessy & everybody to use it. Although
developing nations are the target of World Bankestment, developed nations such as the US
have a lot to learn from these recommendationgmgitiat multimodal integration is a challenge
here as well. General accessibility guidelines tgped by federal and local governments are
useful, but a BRT-specific document would come amdhy for American practitioners. This is
missing from the Practitioners’ Guitjesurprisingly if you consider its effect on rideis, one of
the two main topics of the document.

Integration with modes such as taxis, pedicabs, hiogcles are in the early stages of
development. There is arguably no BRT system inntbdd as of yet that can be considered to
have high marks in this regard. Much of thislackmtégration has to do with limited resources

and cultural disregard for egalitarian safety aachfort, but also because most BRTs are called

8Throughout the document, classic BRT feature such as level boarding, amenities and image, land development,
and off board fare collection are mentioned, but there is no direct treatment of accessibility.
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“systems” while they are still only “lines”. Howewnesince the goal of many cities is to integrate
their BRT lines with other modes of transport, dhd transportation planning community has
shifted its values from mobility to sustainable essibility, multimodal integration will likely
receive further attention in the BRT literature gnwdctice. This topic could be tied to research
on BRT and TOD, discussed in the previous chapter.

Regarding land use, while both BRT guides focuspamned TOD policies in the US and
abroad, these take many decades to implement agveide scale through zoning and market
policies. On the other hand, BRT systems could cowest of the city in a faster time, especially
in developing countries. Since no other mass transide has this fast implementation time,
BRT could become the main tool to turn urban regiorto transit adaptive citiegCervero,
1999) by a more natural mechanism. Triggered byciefft transportation infrastructure,
standard zoning practices supporting TOD and “leadlbmmunities” concepts could advance
more effectively than otherwise.

Lastly, the literature makes clear that BRT shdwédplanned along with transportation demand
management (TDM) strategies, especially in coustti@t subsidize the internal and external
costs of auto transportation. Policy recommendatitmat look to “level the playing field”
between cars and transit are described compreleynsivased on the work of the Victoria
Transportation Policy Institute (Littman, 2010). tWglobally increasing motorization triggering
problems with cross street traffic at grade leestefr with TSP), BRT could lose its comparative
advantages over other modes in cost and integrééribility. Such a scenario could hinder the
successful development of BRT, sustainable traasd, all the positive land use and livability

benefits it could provide.
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After integrating the technical aspects of the g@ecojthe final step of the pre-implementation

planning phase is the development of a business plas plan, which is concerned mostly with

the way expenditures are managed, can make a wiffierence in the success or failure of the

system. Below | summarize the basic principlestdest practices of a BRBusiness planin

developing countries, according to Wright and H@®07, pgs. 547-686):

Business and institutional structure:

o Traditionally, neither a single public monopoly rer‘free” competitive market

with many providers has proven to be an efficiemywo operate with high
quality and minimum costs. Competitively-tendereshaessions for vehicle
ownership and operations with strong public ovdsigllow for enough
competitionfor the market but limited competitian the market (Ardila, 2008).
Transmilenio is a good example of this.

Under this scheme, operators are paid by kilomater not by passenger picked
up, and further awarded or penalized based on qpesitce.

In cases when it is helpful to bring change, theation of a new agency for the
BRT system is useful. It is important that this mgeoperates autonomously over
planning, infrastructure, and supervision.

Direct involvement by a public official (“politicathampion”) has shown to be a
catalyst for rapid and successful implementation BRT systems and is

recommended.

Operational costs and fares:
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The goal in the developing world is to operate withsubsidies. This means that
the public sector should not subsidize repaymentapital and operating costs
(fixed and variable).

If vehicles are included in the concession contrdetn they can be considered
operational costs; otherwise, they can be bundlgd the rest of the capital
investment.

Fares should be defined technically, based on tipae productivity.

It is recommended that an independent fare compaligct the revenues, thus

acting as a “trustee” to distribute revenues basedontractual agreements.

* Financing:

(0]

The relative low-cost characteristic of BRT makewithin reach of most cities
wishing to implement it, so even many developintiesi do not require large
amounts of resources from external sources (e.gld/Bank, IADB).

The local match generally comes from vehicle owmergees, gas taxes, value
capture, and parking fees. Infrastructure PPPalacean option, but they bring an

additional complexity and have not been as sucekasfexpected.

* Marketing:

(0]

The negative stigma associated to buses is a ogalleut also an opportunity for
BRT planners to sell change by using modern bransirategies, which start by
attractive names and logos.

The media should be used to the planner’s advantagget to the public,

highlighting BRT strengths and reminding them oé tlveaknesses of the old

30



system that BRT is replacing. Direct community eath is a complementary

mechanism as part of the communication strategy.

The structure of this step, as described abovwbgivase for the relatively successful (at least in
the short term) Latin American post-Transmileniodelo However, in recent years there have
been issues regarding the replication of this sirecin the developing world, which will be

explored later in this thesis. Also, many of theammendations do not apply that well to the US
and much of the developed world, despite the lestioese countries can learn from developing

nations.

The generalized ownership structure of public ttapsovision by single public agencies
operating over a jurisdiction is different arourt tworld. These agencies subcontract some
services but largely own and operate the fleet, thed main challenge is to overcome inter-
jurisdictional barriers when metro areas grow belyarpolitical entity. This configuration leads
to a monopolistic situation, which in theory istjtied by economies of scale, but at the same
time may lead to high inefficiencies. Operating §dles are very high due to many structural
reasons (not necessarily monopolistic inefficiersxythere is no realistic near term possibility of

eliminating them, just reducing them as much asiptes

Based on recent experience, BRT planners in Lativerdica are now reevaluating the strict rule
set by them for not allowing non-infrastructure sidies. The challenge is to design mechanisms
that avoid the negative incentives brought by diyesubsidizing operations. An option is to
allow subsidies for the high cost of capital thatng operators face, or to create externality
capture mechanisms that help fund operations wiotedirectly rewarding inefficiencies. The

possibilities are many, and there is no clear anssiace the debate is as political as it is
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academic. While traditionally, American economigisored optimal levels of infrastructure
subsidies and accepted operating subsidies on rihnds of social benefits (Karlaftis and
McCarthy, 1998), others (Obeng and Sakano, 2008g Haund strong inefficiencies in

productivity that leave no economic argument foy ype of subsidy in the presence of slight

diseconomies of scale.

In terms of private involvement in operations, wagylevels of successful competition for the
market in transit industries around the world malgifficult to obtain a consensus on whether
negotiation or competitive tendering is a betterywa grant contracts to private operators
(Wallis et al., 2010). Adelaide (a case study iis tinesis) has enjoyed more success through
negotiation than through competitive tendering, leidogota DC and México DF have been
successful through the latter. In México there ha@en experiments that include competition in
operations from the public agency itself, and niegjoin over a single operator for a new line
(little barriers of entry were placed for the fiyghase due to political reasons) as strategies to

lower costs.

The independent fare company and trustee handimgavenues was an invention of McKinsey
and Company for Transmilenio. It makes sense fer abjective of transparency, yet the
independence of fare collection from the overse@ggncy may become an unnecessary cost,
burdening the user where it brings no significadtiedd value. Regarding the fare structure,
paying strictly by kilometer has proven to be im@ént despite having the effect of de-
incentivizing the “War of the Cent”. This year Qibba implemented paying operators by
passenger as well using an undisclosed formulath&o strict recommendation should be

revaluated citing more thorough research and efun experience.
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Marketing BRT has always been important to difféisge it from RBS. In recent years, due to
the exponential growth of motorcycles in developicguntries and stiff competition from
cheaper, unregulated RBS in cities where BRT resainminority (as predicted by Lleras
(2003)), marketing needs to become a bigger pyithin it is now in BRT planning. In the US,
where having a good image applies to all transit mvarketing is much more developed, one
sees even more attractive names, logos, and Bmas, of which look very similar to LRT in an
effort to remove the negative bias toward bus ttafisCRP Report 111, 2006). In spite of
leading the world in this area, there is verydittlublic education on the characteristics of BRT
in the US. Legislators and the affected communieesl to be ignorant of what BRT means and
represents(the LRT choice by the governor of Mamyldor the Purple Line despite BRT
showing better cost efficiency ratings might be example of this, although political

considerations certainly played a role in this sieci (EMBARQ, 2009)).

3.2.2. Implementation

Successful implementation requires constant feédaad accountability, which in turn demands

a monitoring and evaluation plan Costs and impacts should be centered on the user
experience, but since not all performance can basored from stated feedback, a set of
measurable indicators and analysis methodologiedsn® be developed before the system is in

operation. The impacts to be evaluated are:

» Traffic: corridor benefits and tradeoff with other modes.
» Economic cost effectiveness and benefit-cost analysisdjcbon + employment).

* Environmentalair pollutants, GHG emissions, waste and noidacton.
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» Social expropriation, worker displacement, poverty abéon, crime reduction, safety,
and intangibles.

e Urban: urban form

These impact categories are standard for any toatadjpn project, yet estimating impacts for
BRT tends to be trickier than for other modes, estly when BRT is part of city-wide bus
route reorganization such as in Santiago (Chile).

Positive impacts need to be assessed with no wwder/estimating or double counting.
Currently, most project evaluation criteria separahvironmental assessment from economic
feasibility. Therefore, funding is not as dependemt certain non-economic impacts.
Nevertheless, when future projects are analyzadrins of more comprehensive sustainability
criteria that include both economic and environrakfdctors, BRT planners should be familiar
with how they are estimated.

Based on the methodologies developed for projegiuation, a monitoring and evaluation plan
based on key performance indicators across allsaskauld be developed according to the

Planning Guide. These can be grouped under:

» System performancenode share, travel time and speed, ridership,ngnuthers, fare,

comfort, among others.
* Economic:employment, time savings, property values, techyiodd production.

* Environmental:air pollutants, GHG emissions, and noise levelsedses; number of

retired buses.

» Urban: property developments along corridor, quality oblpzispace surveys.
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» Political: supporting officials and their reelection success.
While the development of political indicators coldé meaningless in practice, some of the
indicators mentioned above are very useful, yetlyacalculated, monitored, and reported. In
this area, agencies that have heavy rail as a made typically do a much better job than BRT
agencies. Furthermore, the rail industry has strbegchmarking programs based on key
performance indicators (KPIs) such as the COMETesys headquartered at the University
College of London (UCL). Given it is a new mode, BRdvocates have just started to catch up
and recently launched SIBRT, a benchmarking orgaioia for Latin American BRT agencies
headed by NGOs, and VRef, a Volvo initiative commg several universities in Chile,
Australia, and the UK, as well as NGOs. The Natiofransit Database (NTD) still does not
identify BRT as a distinct mode, but that could g soon. Continuous monitoring and
benchmarking is important not only to a BRT agenoy its users, but for the future of BRT
worldwide. Evolution of BRT as a mode goes fastéhwenchmarking because it provides its
practitioners and researchers opportunities to cehgnd and innovate. Actually, this thesis
makes use of key system performance indicatorsatigatiseful to assess the state of the practice
of successful BRT systems. If such benchmarkingbesh in place at the time of this research,
analysis could have been much more comprehensive.
After the evaluation framework is in place, theuatimplementation plan can be executed.
This plan is similar to the business plan but ceverore ground and is more detailed and
practical. Its major elements for developing cowstraccording to the Planning Guide are the
following:

» Choosing and preparing the implementing agency
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It is generally recommended for the planning agdibeyit new or old) to be the
same as the operating agency. If not, whichevem@gdas in charge of
implementation must be prepared for the requireidiaes.

Responsibility for implementation is divided betweeconstruction and
operational aspects. Usually construction is hahdlg an experienced agency
(e.g. public works) while operational aspects agaltdwith by the BRT agency,
and coordination is performed by somebody with digccess to the Mayor or
Governor. The decision should be made based on tectinical and political
criteria.

The organizational structure should have, at ammum, departments of planning,

operations, finance, and administration.

» Operating contracts

(0]

(0]

These should be completed well before the launcthefsystem, giving enough
time for operators to buy the vehicles.

Fare system contracting should ensure no conflietsveen the technology
provider and the operator, and if these are theessampany (e.g. through a lump

sum contract type), then the agency should malemsts do not escalate.

« Construction

o

o

Includes the four basic construction steps, fromaitel design to maintenance.
Includes construction of: busways, stations, teaisirand depots, control center
buildings, pedestrian access infrastructure, pagrigarages, bike lanes, among

others.
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o0 The contracting structure should ensure: minimioyeghment's costs, risk,

o

(0]

financing cost, delays and transaction costs, c¢oation problems, and

substandard construction. The number of contrdaisld not be too many or too
few, based on local circumstances.

It is important to note that the construction ofsgstem not only affects its

technical performance but also its image. Therefirenust be as organized as
transparent as possible.

All stakeholders affected by the construction sHolle given appropriate

participation in the process and mitigation stregegshould be in place before
construction begins.

Quality and speed should be higher than for stahdsad projects.

*« Maintenance

(0]

(0]

Vehicle maintenance is the responsibility of thermpors in most cases, but strict
contractual standards and supervision comes franotlerseeing agency. The
case is similar for ITS equipment.

BRT stations, especially their turnstiles, shouddfbinctioning at all times, since

they are small compared to underground transitiosimtbut carry as many

passengers.

Infrastructure maintenance depends on whether thagea PPP with contractors

and what longer term quality contracts demand fcomtractors.

The implementation plan for developing nations’ BRIanning includes many elements

applicable to all sorts of public transportatioojpcts in developed countries as well. However,

some aspects are particular for BRT under any dpweent context. An important factor to take
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into account in BRT implementation is that condiiaut differs from that of rail transit projects
(highly specialized, fewer interactions with as mamban streets) but also from road projects
(lower precision, usually not though as part ofstam).

In the US, notable BRT projects have been implegtenhder the umbrella of an existing transit
agency. They continue to be publicly owned and ateer and are integrated with RBS and
HRT/LRT, so many of the “agency creation” and “cawstual agreements” mentioned here are

irrelevant under the current institutional framekuor

3.3. BRT planning literature assessment

In this chapter, two major planning guides were samzed and reviewed, along with other
relevant literature. One (ITDP Planning Guide 20&7)more general and comprehensive in
nature, touching almost every aspect of BRT plagpaossible, yet most of its content is more
applicable to developing countries. A strong poaft this guide is the contribution of
international consultants who actually participatedhe design and implementation of many
successful systems, and thus bring unique inseyidsdetailed case studies into the mix. Before
this edition, the only existing version was one aeped by the Sustainable Urban
Transportation Project (SUTP) of the German CodpmraAgency (GTZ), which had some
good technical information, but was not nearly emgrehensive and practical as the current
guide. A weakness of this guide is that it is rmhpact enough for a practitioner to easily grasp
the many iterative factors that affect BRT planning

The other (TCRP Report 118 Practitioner’'s Guideyege more as a quick reference guide, and is
much more US-based. It misses many topics suchpkementation and evaluation guidelines

and impacts, but does a much better job at focusmdghe characteristics of BRT and their
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relationship to performance and to decision-makihgees BRT under a much narrower focus:
as a packaging of features that enhance currerddomice, decreasing travel time and increasing
ridership. Its methodologies are built on caseistiffom previous TCRP Reports 90, vols. 1:
Case studies and 2: Implementation Guidelines (ison et al. 2003) and the Characteristics of
BRT for Decision Making (2004, FTA), which at thene were good sources of reference but
were weak in terms of implementation and decisi@kimg. Thus, aside from papers giving
recommendations for successful BRT planning (Lexins2003; Darrido, 2003), there were
virtually no useful guides before 2007. Therefdheir publication was a major leap forward in
BRT planning literature and so far nothing of r@lege has been produced after. There has been
no published feedback and their recent publicatiakes it is difficult to assess how useful they

could be in practice.

Since many of the case studies are either gettihgaiod becoming less relevant in a modern
BRT context, or reaching new stages of maturitgnping guidelines could benefit from newer
case studies and a fresher look at their assesshntranscends basic metrics such as simple
travel time savings benefits and busway local co$tsis analysis approach would help
determine clearly when a BRT system is successafudit are its strengths and weaknesses, and
how to plan for optimum performance. The rest af thesis uses a case study approach to get

closer to this objective.
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CHAPTER 4. IMPLEMENTING BUS RAPID TRANSIT — STATE O F THE
PRACTICE

4.1. Introduction

The previous chapter looked at implementation flmplanning standpoint, while this chapter
focuses on the successes and problems of implemgediiferent forms of BRT in different

countries. The conclusions are based on an ovaaa# study evaluation, using qualitative and
guantitative comparisons. Issues are identified esdted to the recommendations given in

Chapter 3.

4.2. State of Development

As mentioned in Chapter 2, BRT gets implemented egrickly relative to other modes. This
characteristic explains the rapid expansion of itgtustry around the world, especially in
developing countries. Figure 1 shows a map of tireeat rapid transit systems (bus and rail-
based) operating fully and their magnitude in teohdaily transported passengers. Notice that
rail systems (HRT, LRT, monorail) are still a méajprin number but that BRT has a strong
presence in the Americas, Asia, and Australia. Tiegp also shows the countries within

geocultural regions, since their characteristiaausthinfluence modal distribution.
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Figure 2. Bus Rapid Transit Systems by Ridership
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Figure 2 shows the most relevant BRT systems innibuéd in terms of ridership and countries
by level of human development using United Natiengeria. Even without normalizing for
length and population, or modal share, the resldéigrly show that the utilization level of BRT
systems in Latin America is consistently severaleos or magnitude above the other regions.
The only noticeable systems in terms of ridershiphie developed world are in Nagoya (Japan)
and Ottawa (Canada). Pittsburgh (USA) and Brisl@asstralia) are still worth mentioning as
high ridership systems, but their service qualitgd @apacity would have the potential or much
higher patronage. This contrasts with systems I[lkansJakarta (Indonesia), which is a
moderate-low quality BRT system but carries 10 s§rae many daily passengers as the O-Bahn
(Adelaide), which has 5 times as much capacityis Thould not come as a surprise, since it is
well known that developing countries have a muaghér proportion of “captive riders”, but
helps but into perspective the different BRT plawgnprinciples | have mentioned throughout

this thesis.

Despite this contrast, developing countries havenbsuiffering from modal competition within
low income travelers in the last 10 years, duent@xponential growth in motorcycle use. While
that is not yet a direct problem with having suéfitt transit demand, it can affect a systems’ cost
effectiveness. In those with no significant sub=sdilower productivity could lead to higher
fares, which would create a vicious cycle of insieg motorization. Therefore, the faster
systems get implemented without compromising qualthe better chances of continued

expansion these could have.
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In this regard, Figure 3 shows that BRT has beallyra phenomenon of the last 10-15 years,
since the Curitiba model evolved and was replicaRall based transit, on the other hand, has
kept a linear growth since the late 1960's. Whatdhaph does not show is that within rail as a
supra mode, LRT has been gaining more ground o¥F Fbr two main reasons. First, most
cities need to fill the gap between their high cilyalow coverage rail systems and their low
capacity, high coverage regular bus service, wisichost appropriate filled by a BRT-Lite or an
LRT ( Vuchic, 2007). Second, the prohibitive costsHRT has led to the popularization of
LRRT, which is achieves similar service but at avdo cost. New HRT systems are rare,
although they continue to be expanded for demaxddpailitical reasons, but a slow pace due to
the relative high costs. Figures 4 and 5 bettetagxphe real magnitude of rapid transit systems
by showing not only their sheer number but the tleraj their exclusive right of way (EROW)

and their patronage.
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Figure 4. Cumulative Exclusive Right of Way milesdr Rapid Transit Systems

Figure 5. Cumulative Daily Ridership for Rapid Transit Systems&

® These figures do not take into account all of fstesns shown in figure 3, only the ones for
which both length and ridership data was found. [é/tiata was available for actual length and
age of systems, it is not a time series, so real/thr cannot be calculated.
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Figure 4 shows that BRTs are catching up withmatl only in system quantity but in coverage
as well. One out of 10 exclusive right-of-way miles transit in the world are now used by
buses. This was unthinkable 10 years ago. Sincé sgsems until the mid 1990s were based on
busways, Figure 4 does not state but suggestshtbajrowth in EROW miles has not been as
fast as the growth in systems. This could be cordd by the many BRT systems that include a
significant portion of the trip in mixed lanes. ¥hirend is mostly due to significant
improvements in applying signal priority — most eoft seen in the US - , and phased
implementation of BRT elements within an existimgrador, which usually occurs under budget
constraints or political pressure. The greater ilfidigy of BRT with respect to LRT in
transitioning from exclusive to mixed right-of-w&yr many branches becomes a disadvantage
when implementers conform to a “bus improvementsicept. Another aspect of this trend is
that the exponential growth rate in new systemsielwshould continue, since more systems are
currently planned for the next decade than implasteimn the last — is not indicative of their
continued expansion. As it is observed later is thiapter, it seems easier to build new systems

than to expand them.

Figure 5 shows that BRT’s share of total ridergkigimilar to its share of total miles of Figure
4. This results supports the argument that (atdgiht differences in IVTT unfavorable to BRT),
BRT infrastructure carries just as many passengensils on a distance basis. This thesis will
not explore the productivity rates for different dles to dispel myths about their capacity, since

that has already done before (Mohan, 2008), big & finding worth mentioning. As a final
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observation, a slow system expansion could alsaffleeting the ridership-to-systems ratio. The

next section will explore the practical reasonsibelthis issue, using case studies.

4.3. Case study selection criteria

What follows from this point on is a deeper look tae characteristics, performance, and
implementation issues of related BRT systems. Rigrfurpose, only systems that represent the
higher part of a spectrum of BRT systems in terinsystem components will be considered. A
low threshold is set at the point where systemsateonsidered according to the definitions of
BRT in Chapter 2. This classification will be deténed by two metrics defined as the Bus
Rapid Transit Classification Score (BRTCLASS) ahd Coefficient of Variation of the Bus
Rapid Transit Element Classification Score Sharé {CBRTECSS), which are based on the
BRT elements framework of the CBRT document (FTAD®D. Their formulation is shown

below:

Nel
BRTCLASS- Z BRTECS

e=1

o(BRTECSS.BRTECSS,)
U(BRTECSS.BRTECSS,)

CV -BRTECSS

Where,

Nsqe)

BRTECS iZ:l:Subscore

BRTECSS= =
° MaxPosBRTECS > MaxPant,
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Where,

Subscore= %Metx MaxPaint,

The “percentage met” means how much of a certainil BlRbcomponent the system is

accomplishing, with each subcomponent having a mami score

of 100 points (the

“maxpoint”). Table 1 shows how both metrics arecakdted. Note that for grade separation and

TSP the points allocated vary. This variable sgpwas included because both components are

solutions to a similar problem. Table 2 shows hdwese translate into a meaningful

classification. This is the classification usedotighout this paper, since it is simple to define.

However, the “Quickway” and “LRL” concepts defindty Cain and Hoffman (2008) are

included for comparison purposes.

Table 1. BRT Classification Worksheet

Major elements

Subcomponent % met

Max Points

Subscore Max. element score Element score share

Running Way

% Exclusive
Grade separation
% Passing @ stations

17
5to 8
5

2 Subscore

27 to 30
Max. Element score

Stations

Level Boarding
Access & Quality
Off board payment
Auto Payment

10
5
3
2

20

Buses

Capacity Level
Ease of access

15

ITS

AVL w/Control
User info system
Guidance

TSP

15 to 18

System

Closed system
Multiple corridors
Multiple routes
Modally integrated

X X X X [X X X X |[IX X|X X X X|[X X X

20

BRTCLASS
CV - BRTECSS

o/
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Table 2. BRT Interpretation of Classification Metrics

Metric Name Range of Values BRT Range Description
0 to 30 RBS No noticeable improvements
BRTCLASS 30 to 60 Pre BRT Busways or Bus Improvements
60 to 80 Basic BRT BRT Lite or BST
80 to 100 Premium BRT High Level, true rapid transit
Range of Values Element Balance Description
CV - BRTECSS 0 to 0.2 High Higher element synergies
0.2 to 0.4 Medium Usually one major deficiency
0.4 to 1 Low High component disparities

The scoring methodology is not designed to be dopwaance evaluation metric (i.e.
performance based on needs, component synergsisan experience), but is reliable enough
to accurately classify BRT systems. It also serassan example to show the relationship
between characteristics and performance. Whildatter sometimes fails to reflect the former,
usually an evaluation of characteristics like tiisthod gives a good idea of how the system can
perform.

That is why performance is relaxed as a criterimnclassification purposes, since assessing it
based on actual implementation is precisely whdit vé done once the systems are chosen.
Other practical aspects about choosing a case siedgonsidered, such as data availability and
age of system. The summary of the checklist usezhtmse the BRT system cases is shown in

Table 3. All the criteria need to be met to be ader®d a valid case study prospect.
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Table 3. BRT Case Selection Checklist

No. BRT Case Study Selection Criteria Met?

1. BRT Score (BRTCLASS) above 60 1
BRTCLASS/CV-BRTECSS>100

2. In operation for ongear or more before data 1
acquisition date. (twgears if data is gathered from
second-hand source).

3. Reliable and sufficient systedata for a high-mid 1
level analysis.

4. Reliable and sufficient contegata for a high-mid 1
level analysis.

5. Is the case study unigemough in terms of
characteristic®r known impact®

Using this methodology, 20 of the most well knowBRT” systems were classified. Out of

these, 13 fulfilled the selection criteria (see [Eadh). Brisbane Busways, which is arguably a
premium BRT system, suffers from the limitationstloé method. Otherwise, the scores reflect
gualitative descriptions. The systems left out ¢ ttase study analyses are all Asian and
European systems. The Asian systems were left @xduse all but Beijing’s had a score lower
than 60. An exception could have been made forrtlkahich comes just short of making the

list, but is continuously improving and was thestfisystem (the latest is in Lagos, Nigeria) in
Asia that tried to make a lighter version of Trarlemo. TransJakarta’s implementation issues
were studied by Hidalgo (2008) and Wright and HdaR07) and make a good case study

because they show what “not to do” in BRT planni@tassic mistakes in design - small buses
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with few doors, small stations, and open were ntdeng the first phase. If the scoring method
used here had been applied to the system in 20@uid have scored much lower.

The challenge is that the data needed for the ¢f@malysis performed later in this chapter was
not able to be collected - as happened with the Bumpean systems - so no more than a
summary of a case study could have been providésb, Asince its problems are clearly
identifiable, it is no longer as relevant for peopiot familiar with BRT planning. More
interesting are systems that are arguably sucdedsft are facing challenges to maintain or
improve their success. Finally, to put things iatgeographic perspective, Table 5 shows that
most established BRT systems fit the “basic” desigm, and that all “premium” BRT systems
are located in Latin America----not surprising, canthis is where the concept was invented.
Figure 6 shows this on a map and, not surprisiaglyvell, shows that “premium” BRT systems

correlate well with the high ridership systems oted in Figure 2.

Table 4. BRT Scoring, Classification and Selection

Component

Name Metro Area  Region BRT Score BRT Range  Score varialiiy Balance Submode Main Observation
Transmilenio Bogota Latin America 90 Premium BRT 0.11 Hig "Quickway" Complete system
Ecovia/Trole/CN Quito Latin America 69 Basic BRT 0.40 Nieu Light Rail Lite Not Integrated

Sistema Integrado Curitiba Latin America 84 Premium BRT 0.21 Medium Hybrid Integrated, needs upgrade
Interligado Sao Paulo Latin America 77 Basic BRT 0.24 Med "Quickway" Low Tech (ITS)
Transantiago Santiago Latin America 76 Basic BRT 0.24 iMted "Quickway" Infrastructure Deficient
Metrobus Mexico D.F. Latin America 88 Premium BRT 0.16 ghli “T-Way" Limiting Infrastructure

TEOR Rouen Western Europe 68 Basic BRT 0.34 Medium Ligtik Rte Infrastructure Deficient
Zuidtangent Amsterdam Western Europe 76 Basic BRT 0.23 ditvie Light Rail Lite Infrastructure Deficient
Transitway Ottawa Anglo America 69 Basic BRT 0.37 Medium Quickway" Low Tech (ITS + Stations)
Silver Line Boston Anglo America 70 Basic BRT 0.16 High yhid Limiting Infrastructure
Busway Miami Anglo America 62 Basic BRT 0.37 Medium "Quicky" Very Low Tech (ITS + Stations)
South/West/MLK Pittsburgh Anglo America 63 Basic BRT 0.5 Low "Quickway" Extremely Low Tech (All)
Orange Line Los Angeles Anglo America 64 Basic BRT 0.31 edim "T-Way" (LRL) Stations: weakest element
O-bahn Adelaide Australia 76 Basic BRT 0.34 Medium "T-Way" Stations: weakest element
SE Busway Brisbane Australia 75 Basic BRT 0.33 Medium Rwiay" Stations: weakest element
Minquan BRT Taipei East Asia 49 Pre BRT 0.42 Low Light IR:dtie Station-weak, not a system
Median Bus Lanes Seoul East Asia 46 Pre BRT 0.40 Low LER#IL Lite Highly Infrastructure Deficient
Bus Improvements Beijing East Asia 76 Basic BRT 0.24 Medi Light Rail Lite User-experience deficiencies
Bus Lanes Kunming East Asia 37 Pre BRT 0.55 Low Light Raé Just a busway

Transjakarta Jakarta Southeast Asia 57 Pre BRT 0.34 vrediu "T-Way" Low Tech, Mediocre Design

Does not meet Criterion 1
Does not meet Criterion 4
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Table 5. Number of BRT systems evaluated

Region Premium BRT Basic BRT Pre BRT RBS All types
Latin America 3 3 0 0 6
Western Europe 0 2 0 0 2
Anglo America 0 5 0 0 5
Australia 0 2 0 0 2
East Asia 0 1 3 0 4
Southeast Asia 0 0 1 0 1
All Regions 3 13 4 0 20

Legend
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Figure 6. Case studies by BRT Class

4.4. Qualitative Evaluation

51



This section summarizes the implementation of ®esyistems by comparing key characteristics
and identifying current issues. In doing so, thgadlive is to understand the reasons behind the
systems characteristics and performance from atgtiia¢ perspective. By giving a context to

the systems, the subsequent quantitative analysidgbe easier to interpret.

4.4.1. Context

When a new transit mode emerges, a complex prohfees. Its continued success depends on
how it is perceived. Its image greatly dependstengerformance of the first few systems that
get implemented, and especially, their initial pariance. Yet this initial performance suffers
more compared to other, more established modese $inere is little experience to draw upon.
And if on top of that, the financial constraintsdamolitical pressure for rushed implementation
that are common in many developing countries ageddchances for success could be very
limited. If a major failure occurs, then the indy® modal momentum could be stymied for
decades. However, from a more optimistic perspegctivese constraints can be used positively
to come up with creative, more cost-effective sohg. Given low quality RBS preceding a BRT
system and high transit ridership captivity candlda more satisfied users. All of these
conditions presented themselves in South Ameri@mint in time a little more than a decade
ago and thus high capacity, fully-featured, premiBRT was born in Bogota. Before then,
notable examples of proto-BRT had been implementeebahn, in Adelaide, Australia;
Transitway, in Ottawa, Canada; and RIT, in CuritiBeazil. Quito had previously copied some
of Curitiba’s elements, but the system was quitomnplete at the beginning. So, while these
were systems that are now effectively BRT, at theetthey did not have all the elements

required to fit the modern definition; or if theiddthey were not considered a distinctive mode,
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since they evolved slowly over time, adapting tealoconditions. Upon Transmilenio’s success
in Bogotd, the Federal Transit Administration (FT#yed an important role in promoting this
combination of elements as characteristic of a memde, the first true rapid transit with rubber
tires running on concrete. After that, differedoeomic, spatial, institutional, and cultural
conditions have made the mode’s establishment aatiration perhaps more difficult than
expected, despite BRT’s popularity. More than diffi, these conditions created an unexpected
divergence in scope and quality. In scope, theteasnow the well known distinction between
“LRL” and “Quickway” and their “siblings”. In qualy, many systems around the world,
especially those in Asia, have copied successfutifSAmerican BRTs very poorly.

While the case studies are not representativeioititde range of systems since only the highest
performing were chosen, their history tells us mabbut the development of a new mode. Part
of their “incremental implementation” and "ease amked of implementation”, which can be
huge advantages, are also their Achilles heelgcgfy when past experience is not applied and

guality control is inadequate.

4.4.2. Assessment

Table 6 shows the many factors that affected th@amentation of the chosen case studies, how
decision-making took place, and how these trarglei® performance, evaluated from a broad,
gualitative perspectivel-unction refers to the place and structure of the systernk-bHaone,
which is basically a trunk-route oriented systenatths the major mass transit mode;
comprehensive, which means that different levels BRT cover the whole city; and

complementary, when BRT is secondary to anothesrmassit system.
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Table 6. Relationship between urban conditions, impmentation, and outcome.

System Urban Area Characteristics System Planning and Impleentation Approach Decision-Making Sustained Outcome
. . " . . Process Main Mode Expansior General Large scale

Name an Location Size Density ~ Econ. Dev. Scale Function Integration Bzfmn strategy Direction _choice reason  speed Performance _impacts (+ or -)

Transmilenio, Bogota Large High Medium Multiple Corridd Backbone Intramodal Incremental, Outward Top-Down siCo Slow Good Medium

MetrobUs-Q, Quito Medium  High Medium-Low  Corridor Backi® None Unclear Top-Down  Cost Moderate Fair Medium
Incremental,

RIT, Curitiba Medium  High Medium-High  City-wide Comprefgve Intramodal Bidirirectional Top-Down  Cost Moderate Excellent High
Incremental, Multimodal

Interligado, Sao Paulo Very Large Very High Medium-klig City-wide Complementary  Intermodal  Bidirirectional Top-Down integration Moderate Fair High

Multimodal

Transantiago, Santiago Large Very High Medium-High ~ Qifge Complementary ~ Total Simultaneous Bottom-Upntegration N/A Fair High

Metrobus, Mexico D.F. Very Large Very High Medium Mule Corridors Complementary ~ Total (P) Incremental,v@utl Bottom-Up  Cost Moderate  Very Good Low

Transitway, Ottawa Medium  Low High Single Corridor Baokle Intermodal Unclear Bottom-Up  Cost Slow Good Medium

Silver Line , Boston Large Medium  High Multiple Corrido  Complementary  Limited Incremental, Inward Bottom-Up os€ Slow Fair Low

SMD Busway -Mbus, Miami  Large Medium  High Single Comid ~ Complementary  Intramodal Unclear Bottom-Up  Cost Slow irFa Low

Busways, Pittsburgh Medium  Low High Multiple Corridors adkbone Total (P) Incremental, Outward Bottom-Up  Cost ows| Good Low

Orange Line, Los Angeles Very Large Low High Single i@tor Complementary  Intermodal Incremental, Inward BottUp Cost Slow Very Good Low

O-bahn, Adelaide Medium  Low High Single Corridor Comptertary  Intermodal (P)  Incremental Bottom-Up  Public @ieoi Slow Very Good Low
Incremental,

Busways, Brishane Medium  Low High Multiple Corridors  Quiementary  Intermodal  Bidirirectional Bottom-Up  Cost Moderate ~ Very Good Medium

Source. Latin American Systems (Hidalgo, 2008). Rest from FTA (2003), and reporting agencies.

Curitiba is unique in this sense given its gradaradl successful implementation that benefited
from a strong land-use connection. Other citiesehategrated the entire public transportation
system, including BRT (Santiago and Sao Paulo, hwinave a “city-wide”scale, but the
barriers between modes make them only complementamir scale of application makes them
different types of systems similar to Transmilemdnich in its vision for the future has higher
coverage, but in practice only covers a segmetitetity through multiple corridors.

A third dimension is callethtegration,which considers how well the system integrates Vikie
modes and other modes. Finally, the expansionegiyatells about the dynamics of the other
three variables. First, if the system expands mergally or results from a simultaneous, “big
bang” approach; second, if it displaces other mashescaptures the market (outward), or if it is

build by segments, complementing other modes (idyvdf expansion goes in both directions,
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which occurs only for well-integrated transportaticthen the strategy can be called bi-
directional.

This complex implementation approach, which depemdthe many characteristics of a city and
on the implementers, is carried on through differéecision-making processes, mainly top-
down or bottom-up. The first generally describepracess led by a strong major or other
political figure that expedites the implementatpocess by having a large degree of control and
little public involvement. The second describesracpss that can also start at a government
level, but is a more rational, pluralistic decisioraking process, or starts from the community
and builds a consensus over time. A top-down amraa more common and effective in
developing countries, especially in the short terrile a bottom-up approach may slow things
down at the beginning, but tends to work bettemiore developed democracies. The modal
choice, whether it is through a sophisticated afieves analysis or the personal preference of
the Mayor, usually ends up being made due to costlal bias, or in a more extensive network,
the need for it to bridge the gap between localdtrd-fast service.

Finally, the table relates the contextual, impletaBon and decision making characteristics of
the case studies to long term performance. Perfucenas expressed in terms of expansion
speed, which is very important for the city’s andde’s future; general performance, which is a
gualitative assessment of how well the system apefaom a user’s perspective; and large scale
impacts, such as the mitigation of city-wide corigesand emissions.

Putting everything together, it can be observedyeneral terms that higher scales and more
inclusive integration tend to have the largest iotpat moderate expansion speeds. City size,

density and economic development do not correlak with sustained outcomes. This result
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tentatively confirms the concept of the wide urbamaracter range under which BRT is
competitive.

Overall, all the systems are expanding at muchelaates than predicted. This affects all public
transportation modes and should not come as aiserpPerhaps then, one of the major
advantages indicated by the original BRT literatumplementation speed, should only be
interpreted as construction speed, because oveyallem implementation speed through
expansion, even with higher capital cost effecteg) is not that much higher than for rail.
Implementing BRT might be cheaper and easier ifitfrastructure is partially in place, but it is
still not simple. Looking at the origins of the $$stems analyzed explains it better. Table 7
shows how most systems failed to have their tedgyoin place when operations were supposed
to start. This could be attributed to political gsare and inexperience in some cases. The main
other reason was most likely underestimating thapiexity of the BRT's implementation due

to the “bus” nature of the system.

Not only was the advanced technology not readye(aftl the system ccould work without it),
but something as basic as the number and type sdésbwas wrongly provided. Again, this
happened for financial constraints in Santiago,itbuost cases usually occurred because of late
procurement. This situation occurred more in LafAmerican, not only because of a
“procrastinating culture,” but because of the npléi firms owning the buses. From a
geographical perspective, systems in the highlyelbped, Anglo-speaking countries tended to
perform better. Australia, in particular, implemestheir systems better from the beginning, and

still get some of the best press of all the syststudied.
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The implementation analysis now moves on to théscasd revenues structure under which the

BRT systems operated. This system breakdown is siowable 8.

Table 7. Initial system element conditions and eftis

Original System Characteristics Immediate Outcomes/Impacts on

Name and location s‘t(::er " Infrastructure Buses Stations - FC ITS -C. Control otnfation Ridership IVTT Acceptance
- 5 - . Sufficient and High (Moderate . High for users, low for
Transmilenio |, Bogota 2000  LQ, Incomplete Insuffidien Provisional FC Not ready effective Absolute growth) High decrease existing operators
Trolebus, Quito 1995  Poor Quality Insufficient Coin N/A caice Moderate growth Moderate decrease Average_ for users, low
for existing operators
Boqueirao, Curitiba 1974 OK Insufficient Coin N/A Suffégit High (Moderate Moderate decrease nghbamong users and
Absolute Growth) existing operators
Passa-Rapido, Sao Paulo 2003 OK Old-new mix Problems C.Nontrol fSufﬂuem but Small growth Small decrease Avergge for users and
ineffective existing operators
Transantiago, Santiago 2007  Incomplete Insufficient Ofmtrational Not ready Scarce ;\AD?\J/oernzz)crease Small decrease Major rejection
II;IT:trobus Insurgentes, Mexico 2005  Incomplete Arrived late Paper Not ready Scarce gzﬁ?e Absolute High decrease High for users
Transitway, Ottawa 1983  Good Small Manual -onboard N/A Moderate growth Moderate decrease High for users
gg\;z:"e Washington St, 2004 OK Insufficient Manual -onboard, OK Problems Sidfit High growth Moderate decrease High for users
SMD Busway, Miami 1997  Good condition Small Manual -oatd N/A High (moderate
absolute growth)
. High (Moderate "
South Busway, Pittsburgh 1983  Incomplete Small Manoabeard N/A Absolute Growth) High decrease
. " . - Outstanding growth
Orange Line, Los Angeles 2005  Low Quality Insufficient OK Ready Sufficient (high absolute growth) Small decrease
O-bahn, Adelaide 1986  Good condition Adequate Manuztheard N/A High (moderate High decrease High for users and
absolute growth) operators
N - - High ( moderate High for users and
SE Busway, Brishane 2001  Good condition Adequate Marmurddoard Ready Sufficient Moderate decrease
absolute growth) operators

Source. Latin American Systems (Hidalgo, 2008). Rest from FTA (2003), and reporting agencies.

Table 8. Revenue management structure and policy

System Operating Costs and Revenues Fare establishment mechanism Operating contracts aticture
Name and Location Operational Subsidy Level Formula d-hac Direct Negotiation C_?g:]%?:ﬂg
Transmilenio, Bogota None X X
Metrobus-Q, Quito Low X X

RIT, Curitiba None X

Interligado, Sao Paulo Low X

Transantiago, Santiago Low X X
Metrobus, Mexico D.F. Very Low X

Transitway, Ottawa Medium X N/A N/A
Silver Line , Boston High X N/A N/A
SMD Busway -Mbus, Miami High X N/A N/A
Busways, Pittsburgh Medium X N/A N/A
Orange Line, Los Angeles High X N/A N/A
O-bahn, Adelaide High X X
Busways, Brisbane Medium X X
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Operating costs tend to be high in developed castdue to high labor costs, leading to
subsidized operations. However, the level of sybsiaries. Australian and North American
systems tend to have high subsidies. Also, Ausatnaliare more willing to experiment with
contracting out services, a practice Americanselgrgabandoned or limited with purchased
transportation such as for paratransit.There are many types of contracting practices, but
competitive tendering and direct negotiation are thost common, and the success of each
depends more on local conditions. Yet competitaralering tends to work better when technical
fares are market-calibrated.

Fare structure varied in developing countries betweontractually provided usually through a
formula based on service effectiverfegmetric explored in the next section of this tegsir ad-
hoc, ranging from pure electoral to social polioy financial distress. Developed countries
mostly set their fares in an ad-hoc manner duanantial distress, but they maintain high
subsidy levels for social policy and transit patiga reasons. This is the ad-hoc setting of a fare,
due to financial trouble is what has happened enUls in the past year, when most agencies

raised their fares as one of the many measurdede their increased revenue gap in FY 2009.

Ideally, fares should be determined technicallyhwgome market freedom allowing for
innovation to at least cover operating costs, & d#ficult goal in practice. However, BRT as a

competitive mode in terms of costs and of promotemulated competition for the market shows

%1n the US, private involvement in public transportation in terms of funding and operating tends to be different in
southern States.

1 Currently, the Latin American model implements “pay-by-km” for operators. This has shown to be more
beneficial than the However, experience and theory has also shown that a combination of both is more
economically efficient and that is currently piloted in Curitiba.
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cities in countries of various levels of developmand market-friendliness that public transport

does not need to be an ever growing source of diglssi

Table 9. Success and Problems in BRT systems fofffdrent aspects

System Name and Design and Operational Costs/Financial Institutional User Perspective
Location Successes Problems Successes Problems Successes Problems Successes Problems
. Clear contractual Unfair intermodal
Transmilenio, Bogota High capacity Crowding at buses and Pays for itself No funds for agreements, independenbmpetition, weakened Faster and more High fares

Metrobus-Q, Quito Low emissions

RIT, Curitiba Transit hierarchy

Interligado, Sao Paulo Intermodal integration

Transantiago, Santiago High coverage

Metrobus, Mexico D.F. Efficient operations

Good capacity and

Transitway, Ottawa
coverage

Modern fleet and

Silver Line , Boston .
infrastructure

SMD Busway -Mbus, Miami Fast

Busways, Pittsburgh

Multiple routes

Good use of TSP

Orange Line, Los Angeles

O-bahn, Adelaide

Very fast, Guided

Busways, Brisbane Good integration, fast

stations

Not integrated, poor

feeder service

Inefficient operation

Lan@gions

Insufficierdtfle

Not enough capacity for
demand

Poor design downtown,
Bus bunching at peak

Low reliability

Design leads to crashes,
long headways

Inefficient optéyas

Not enough capacity for
demand, high crash rate,
pavement issues

Insufficient intatgpn

Generates profit

Pays for itself

Funding guaranteed

Strong funding support

Costs less than rail to
build.

Costs less than rail to
build.

Costs less than rail to
build.

Costs less than rail to
build and operate

Costs less than rail to
build and operate

maintenance

agency government support

No clear institutional
independenc

Strong authority

Unclear revenue
management Centralized decision

making, low pubic inpt

Atfirst, strict finances  Important involvement
compromised operations from central government

High degree of agency Unfair intermodal

Still needs subsidies . ™
independency competition

Costs more than rail to
operate.

Continued government
support
Politicians favoring LR

Expansion not approved Had strong support fronNo strong backing
for Federal Funding FTA for first two phasesoutside MBTA for
Phase Il

High operating costs
Politicians favoring LR

Implemented successful
operations contracting

Overcame state/local

High construction costs Ny
barriers

comfortable service

Low fares, faster IVT

Competitive with aut

Seamless integrati

Faster than befo

High transfer time

Crowding

Unreliable travel time

High transfer time

Much faster than auto in

corridor, good qualit

Good coverage, few
transfer.

Better than routes
displacer

Effective as feeder
service

Serves crucial
destination

Crowding

Not as good as subw

Its own feeders
problematir

Perceived by some as
unsafer and lower quaity
than rai

Very fast, great optiorNot enough integration at

for suburbar

Well connecte

stations

Problems with access at
stations, fare collectic

Finally, the qualitative evaluation ends with a soany of the

assessment of BRT

implementation through design and operations, castd finances, institutional and user

perspective lenses. The results are shown in Table
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Every system faces challenges, but Curitiba’s ansbBne’s systems seem a step above the rest.
Judging from previous discussions, it should nahe@s a surprise. For the other systems, the
most recurrent operational problem is crowdingegitht stations or buses. The lower the “value-
of-comfort”, the easier it is to maintain these disv without having a significant drop in
ridership, so the issue is often overlooked in gnexice for higher profits. There is also major
room for improvement in system integration and apenal productivity gains. In terms of
costs, funding, and finance, the cases show thdt BRRompetitive, but not at the same level
that was promoted 8 years ago. On the other 8ideg is another mismatch between the users’
perspective and costs. As discussed before, soties often sacrifice revenues for increased
user satisfaction, either for political or sociahkefit reasons.

In the end, institutional and political barriersoahd not be overlooked, since these could be one
important reason for BRT being less successful tagrected. Despite showing good impacts

and performance, political support for it is ofteaak as compared to rail transit.

Judging from this evaluation, BRT has become aifsigmt mode not only in terms of size, but
performance as well. Its main problem is that pgttiogether all of its characteristic elements in
a way that achieves high performance at minimunt lcas been proven to be more difficult than
thought. This is because the system, flexible &s rhust adapt to local conditions, and often this
is not done in the system optimal way. Yet the misdelatively new to have a large room for

improvement. So far, systems have been implememiestly on a trial-and-error basis, with
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several missing elements: limited overall assesgmenchmarking, and a theoretical foundation
for planning, design and operations. Hopefullys tthiesis has provided some guidance on how

these elements can be improved. The next stepsiso a quantitative assessment.

4.5. Quantitative Evaluation™

So far, BRT performance has been presented in teflwategories, since that approach makes it
easier to interpret complex data. Once such arsahgs been been able to pinpoint key issues, it
is important to complement it with quantitative Biseés. To meet this need, a series of key
performance indicators (KPI) were applied basedawgailable data. Data availability is poor
relative to other fields, so the analysis is somawimited in scope, detail and reliability, yet
offers substantial information regarding BRT penfance. Indicators are ordered by: operations,
cost, and access. Some of these tell us more abewupply side (i.e., the service provider
perspective) while others describe better the densate (i.e., user experience perspective). The
measures used in this analysis are not categosizeslich because the overall picture of system

performance is best shown with a set of relatetbpaance measures.

4.5.1 Operations

The first indicator shown is “peak load,” whichtlee maximum observed in-vehicle passenger
flow at a point along the route (i.e., a statioi)is is not to be confused with capacity, which is

the theoretical value of the maximum flow that fheility can hold. Figure 7 shows the values

2 Otherwise noted, data comes from: Hidalgo et al. (2008, 2008b, FTA, Transmilenio, Translink, Transantiago, CTS-
Mexico, OC Transpo, ITDP, TRB, and MBTA.
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for the 13 systems and what is striking is thealality. While the qualitative evaluation showed
the systems more evenly paired - a valid assessntbist figure shows how much they differ in

this important metric.

Peak Load (pax./hr-dir)

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
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Quito
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Brisbane

Figure 7. Peak load. Bogota show in red (or lightecolor)

Throughout the thesis, it has been mentioned thatod BRT’s main strengths is that it can carry
as many passengers as many of the highest ridergihipystems in the world. This claim is
mostly due to Transmilenio, since it broke all plgans of mode-capacity constraints by
utilizing 4 lanes at stations (and sometimes foigkr segments) providing various degrees of
limited stops along a line. Thus, this station catyais achieved due to the system’s service
flexibility, more than its vehicles’ speed and ceaipg as happens with heavy rail systems. While
the value means the same for the agency, it héareht implications on the type of service
provided and the user experience.

One aspect of user experience related to peak isadow crowded the bus is. While
Transmilenio’s famous 43.000 pax/veh-dir was meauwith buses in excess of 160

passengers, in the US a bus the same size cantibtrooe than 120. From the agency’s
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perspective, achieving such capacities is only gt if there is demand for it. Many of these
systems carry fewer passengers per day than TMpeak-hour in one direction. The absolute
number of vehicle capacity is important, but innterof service quality and efficiency, more

important is the relationship between peak loadaapicity.

Peak Load/ Theoretical Capacity (%)
0% 20% 40% 60% 80% 100% 120%
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Boston
Miami
Pittsburgh
LosAngeles
Adelaide

Brisbane

Figure 8. Ratio of Peak load to Estimated Capacitysystems at or near capacity in red).

Figure 8 shows this relationship through a rationMeported capacity was estimated by looking
at the station with the highest ridership potengiatl making assumptions on traffic saturation
rate. Aside from current station design, curreeetfiwas also considered. Passenger capacity was
calculated using maximum design levels for bus ciépdased on each country’s regulations.
That is why Metrobus presents higher load than a@apasince it probably was holding more
than 150 passengers per 18m bus. What is most tampdrom this figure is that all systems in
developing countries are operating at capacity @x8antiago, which is just recovering from its
implementation problems and could thus be consitlareoutlier. However, systems such as the

Boston’s Silver Line, Ottawa’s Transitway, and Base’s South Busway also present good
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ratios. On the other hand, a system like Adelagsub-utilizing its capacity, but as will be
shown later, at the expense of high speeds.
Next is a very important measure of cost effectegsn operational productivity. Figure 9 shows

this value for the 13 systems.

Operational Productivity (pax./veh-km)
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Figure 9. Operational Productivity. Data unavailablke for Santiago.

Operational productivity is a key measure becaudells how efficiently a transit system is
operating. It is easy to interpret because it ladlgianeans how many passenger boardings on
average occupy a bus per unit of distance travetedhe operating contracts in Bogota and
Santiago, it is one of the most important variald#scting the fare. The higher the value, the
better the system should be. However, from the’'sigerspective, a very high productivity
could be detrimental in the case of bus and statiowding, with passengers often missing their
trips. This low level of service is often not acssed and a larger focus is put on the agency’s

performance measures. Figure 9 shows that Transimiteas a low productivity with respect to
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the average, and the main reason is that it oesd#t@ost empty on parts of the route. This could
be easily improved with relatively inexpensive adtructure improvements.

One performance measure that directly affects usdre commercial speed of the service. This
represents the average speed, including stops,set af buses running through a corridor or

system.

Mean speed (mph)
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Figure 10. Commercial speed

Figure 10 compares this speed for the thirteeresyst All speeds in developing countries fall
within the 10 to 18 mph range, while developed ¢oes tend to show higher speeds.
Commercial speed depends on many factors, espethedl number of and distance between
stops along a route. In terms of BRT elements, drigipeeds result from highly segregated
infrastructure, including grade separation at sgetions. As developed countries usually have
grade separation (or at least traffic signal ptygrand long spacing between stations, their

speeds are on average higher than in developingtroes, where stations are closer together,
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lanes are often at grade, and no TSP is includedetlieless, in systems like Transmilenio, there
are express services in which speeds are muchritigdoe the average.

Dwell times also affect speed significantly. Dwethes for TM are 67% higher than in the
Transitway or the Orange Line, which shows a tréideetween speed and load. Finally, while
commercial speed is important, focusing on it I®elit is useless. The higher the access and
connectivity of a system, the less important itdyees. Adelaide is remarkable in that it achieves
speeds previously only displayed by rail systene, its design would not fit many other

contexts.

4.5.2 Costs

Another set of performance indicators relates prilynéo cost, and especially the cost efficiency
and effectiveness of a system. From the operajmispective, capital productivity is very
important since it tells how efficiently the bugdt is used. Figure 11 shows the values for the
case studies. Although from a service effectivenpssspective Bogota’'s system needs
improvement (Figure 9), in terms of how efficienthe fleet is utilized, it ranks high, along with
Mexico City. Systems in developed countries straggbre with making the most out of their
fleets, since they need to have a sufficient f&m¢ to provide a desired level of service. Peak-
off peak patterns could be affecting these valees $0 a dimensionless ratio of the average
hourly ridership on the busiest line to the maximbwurly ridership on a segment would
represent how intensively the fleet is being udedta was not sufficient for all systems to

calculate this value accurately.
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Capital Productivity (pax./veh-day)
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Figure 11. Capital productivity

Capital productivity considers fleet usage, but tied costs of operation or the cost of the
infrastructure. Another measure of capital cost@f¥eness is the annualized cost per passenger,
which can be interpreted as a subsidy. It is thie & the annualized payments of the system’s
infrastructure costs in PV (2008) to the numberpafssenger boardings per year. If the
annualized operating costs are added and the anediabvenues per passenger are subtracted
from this value, the annualized subsidy resultscdloulate the annualized capital cost, a 20 year
life was assumed, since the durability and permemefh BRT is still debated, and the discount
rate assumed 5% for US systems and applied amskipm for the rest. Ridership was assumed
constant for the built infrastructure. The resalte shown in Figure 12, which shows that the
variability between annualized costs per passeisgextremely high. Also notice that there is a
noticeable difference between developed and undelolged countries, although Sao Paulo and

Adelaide are very similar, and Ottawa is very samib Bogota.
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Annualized cost per pax ($/pax-yr)
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Figure 12. Annualized capital cost per passenger

Figure 12 shows that the variability between anzedl costs per passenger is extremely high.
Also notice that there is a noticeable differencgween developed and underdeveloped
countries, although Sao Paulo and Adelaide are samylar, and Ottawa is very similar to
Bogota. Ottawa is special because it has the hightesship of all developed countries, and its
costs could be underestimated given it was builbyngears ago and many of the costs could
have been misrepresented in current dollars. Boatwh Miami represent situations where
systems are not cheap, even when they are portragesuch. Boston made an enormous
investment in its Waterfront line for only minimigvels of ridership, and it is doubtful that its
benefits will ever justify this investment. Perhdpis result has contributed to putting Phase |lI
on hold. Miami had a high cost because a buswaybudsalmost from scratch to serve a low
number of passengers. These results are impobacdause they show that BRT per se is not an
inexpensive mode. It is competitive when the rightway is available for use, but when
extensive new grade separation investments andférafacilities are needed, and unless the
system carries very high volumes, BRT loses itspamative advantage in terms of capital costs

per rider.
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Values for operating cost effectiveness are noflabda for most systems, so a comparative
graph is not presented, but the available data shibat BRT is indeed competitive in terms of
operational cost even when service effectivenesgI(€ 9) is not very high. Since RBS is much
less efficient, the numbers favor BRT. While the MBreports a 40% farebox recovery ratio

(NTD, 2008), the number is closer to 70% for thve3iLine, as the average trip costs only
$1.25. Pittsburgh, which also has a light rail lineports $2.73 per trip for its West Busway,
higher than for its LRT, and a $1.02 average ferHast Busway, lower than its LRT (FTA,

2009; NTD, 2008). In Adelaide, costs are much highat an average busway trip is subsidized
by 2.9 AUD compared to 8.8 AUD for the rail systénirhis lower subsidy compared to rail

could in fact be affected by the competitive tempiprocess that took place when contracting
bus operations.

Finally, Latin American systems are known to h#we capability to “break even”, since their

labor costs are much lower even in more develop@esdike Curitiba and Santiago, and the
ridership is so high. Bogota has relatively highstcmperations due to its low service
effectiveness, while Mexico City and Quito take aatage of their high effectiveness to lower

their fares. These services are subsidized, bugigoificantly.

Regarding fares, it is important to illustrate thérom the users’ perspective. Since income
levels vary largely across the cities studied, dasbould be normalized by median income in

order to determine their impact on users. Figuretd®vs the share of fare—to-income.

B Source: Wikipedia. Retrieved October 6, 2010.
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Fare/Income (%)

0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00% 3.50% 4.00% 4.50% 5.00%

Bogota I
Quito
Curitiba
Sao Paulo
Santiago
Mexico D.F.
Ottawa
Boston
Miami
Pittsburgh
Los Angeles
Adelaide

Brisbane

Figure 13. Fare impacts on user budget. (Low devgdent cities in dark green)

From this perspective, values are not as diffeffemin region to region, although North
American systems tend to have lower shares duectordination of heavy subsidies and high
incomes. Although people do not perceive the mdhey pay in taxes the same as they would
pay with a token, most are aware of the subsidyitiBa shows the highest value, yet it remains
competitive because of the high level of integmatd its system. The fare is relatively high, but
the system generates profits that go to reinvegtraed its impacts on urban form and quality of
life are so noticeable, and contrasts so much thghcongested streets, that people are willing to

pay the fare.

Figure 14 looks at fares from a different perspectthe purchasing power and how it compares

to the travel time cost, since passengers base tthgel decision on the combination of both.

This comparison allows us to put into perspecthesfare across cities.
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Figure 14. Fare and travel time cost for 5 mi trip,normalized by purchasing power.

Travel time cost was estimated for a 5 mile trighwio transfers, and a quarter-mile walking
distance to a station. This cost is seen to befgignt, similar to the fare or exceeding it in os

cities, except in Bogota, Quito, Adelaide and Baisk. Fares can be inelastic even for non-
captive riders with increasing congestion. Thisldamake it attractive for transit agencies to
raise fares, if income equity is not consideredestment in fully featured BRT systems could

bring large benefits, and fares could be increésedasonable levels if social benefits occur.

4.5.3 Access

Access is a complex concept that considers vagadleh as coverage, connectivity, and equity.
A first approach in understanding the BRT systeimgacts on the cities they serve is to look at

how many people they effectively serve. Figure Aéves the share of daily trips to population.
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This is not equivalent to the share of populati@ng transit since people make a different
number of trips every ddy. Yet it gives an order of magnitude estimate of Hawge and
effective is the system. The results are not ssirgyi given what has been discussed in this
chapter. The top performing systems have a relgtivigh share, which also depends on the
function of the system described earlier in theptdia Ottawa stands out within North American
systems, since BRT is the main mass transit mott@srsmall, low density city. Mexico DF has

a great system, but by 2009 only had two linesewhie subway had eleven.

Daily Trips/Population (%)
0% 5% 10% 15% 20% 25% 30% 35%

Bogota
Quito
Curitiba
Sao Paulo
Santiago
MexicoD.F.
Ottawa
Boston
Miami
Pittsburgh
LosAngeles
Adelaide

\m

Brisbane

Figure 15. System coverage by population

Another way to look at coverage is from a spateispective. If we assume a transit supportive
area and a BRT service area based on TCQSM (20@8jia; we can come up with a ratio
called THEMP (Theoretical Market Penetration). Feg@6 shows the results of calculating this

new metric.

14 . . . . .
The increased use of smartcards allow for a clearer distinction between trips and riders.
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BRT THEMP (%)
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Figure 16. System coverage by theoretical serviceea

The figure shows that systems where BRT is the nmogbrtant mode of mass transit already
cover a significant amount of the metropolitan aaed, in theory, the population. Using both
Figures 15 and 16 one sees that Transmilenio densisonly 52 of the proposed 242 miles
(21%), and covers 30% of the theoretical transppsutive area. It is expected that with

increased expansion, the marginal coverage willedese, but connectivity will increase.

To better understand how coverage interacts withuladion and space, another metric was
developed, called the CIll (Coverage Intensity Indéhis index is the ratio of the share of
transit trips made on BRT to the THEMP. It is baBicthe ratio of the real versus theoretical
modal share. A value of one would represent eqtilciiveness of BRT with respect to other
modes. The index has its limitations, especiallyemwlthe transit network is intermodally well

connected (as in Sao Paulo, Santiago, Mexico), swould be interpreted with caution.
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Figure 17. System coverage by BRT intensiveness

Ceteris paribus, Figure 17 suggests that systeatssttifer from competition in the market with

other bus systems (e.g. Bogota, Quito, Mexico) fass well than others who are either the
dominant mode (e.g. Curitiba, Ottawa), or well graed with other modes. The results are
surprising for Adelaide and Brisbane, and couldphekplain the high user ratings for those

systems.

4.6. Conclusions

This review, performed from both qualitative ancantitative perspectives, has largely agreed
with previous literature in that it shows bus rapa@hsit as a relevant mode in a universal context
that has not yet fulfilled its potential. Yet thstudy complements that literature by looking at
some of the most representative BRT systems invttll and assessing them through objective

and comprehensive criteria. From this review, tilWing conclusions can be extracted:
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Bus Rapid Transit is in fact a distinctive mod&. popular opinion within a large

community including practitioners is that the naim¢ust a rebranding used by the FTA
and transit lobbyists to describe minor improverseint bus transit. That opinion is
wrong; BRT describes a bundle of characteristies thake it fundamentally different to
the still important local bus service (RBS in thiesis). These characteristics come in
two forms: elements and interaction between therfocis on just the elements does not
necessarily constitute BRT. Despite BRT being p&ra quasi-continuous range of bus
transit, the discontinuity takes place when relipbiand speed are significantly

improved, and flexibility and direct access arengigantly reduced.

Bus Rapid Transit is cost-competitive, even in higteveloped economies.

Due to its service pattern, BRT can compensatéaiier cost disadvantage with high
productivities that allow it to be competitive und@ost economic and network size

conditions.

Bus Rapid Transit implementation is more comples asually slower than originally

thought. According to the special characteristics of BRT, drder to make it cost
efficient, effective, and rapid, important decisom terms of element design and
implementation strategies need to be well defingd @nough time. Otherwise, problems

that even successful systems had will be repeated.
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