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Summary

Bus Rapid Transit (BRT) can be defined as “a bus-based mass transit system that delivers fast,
comfortable, and cost-effective urban mobility”. It offers the opportunity to create a high-quality
mass transit system at affordable costs, which is particularly important for developing countries,
since the majority of the population in those countries is highly reliant on public transport. Nev-
ertheless, the service of public transportation in those countries in general can be characterised
as deteriorating, slow, unsafe and uncomfortable. There are many BRT systems implemented in
various cities in the developing world. However, no scientific evaluation of these systems on
their successfulness was performed so far.

The main goal of this research was to gain insight in BRT system functioning in large Asian cit-
ies and identify how knowledge from these system operation can be applied on future BRT sys-
tem planning/implementation processes with the intension to make BRT systems more success-
ful. In order to perform an evaluation of the selected BRT systems on their successfulness, a
new evaluation methodology was developed in this research, since no methodology applicable
for such an evaluation existed. According to the developed methodology, a BRT system was
considered successful when it showed a high contribution to the sustainable development of the
selected city. This contribution was evaluated using nine indicators on three sustainability di-
mensions: environment, society and economics.

This research consisted of four main blocks, respectively, ‘definition’, ‘description of the case
studies’, ‘evaluation of each case study’ and ‘result analysis’. In the first block, behavioural
theories for analysis of transport behaviour of people were studied. Next, a theoretical frame-
work was selected and the new methodology for BRT system evaluation was developed. In the
following blocks, based on the literature study, the selected BRT case studies were described
and later evaluated by applying the new developed methodology. During the evaluation, the
main factors which impeded/facilitated the success of each BRT system were determined. In the
last block, results obtained within each case study were analysed. Each BRT case study in this
research was conducted separately.

The general findings of this research are the following. Integration of BRT systems in Jakarta,
Delhi and Beijing was an important step towards more sustainable transport in those cities. In
general, the new BRT systems improved the functioning of the transport system, ensuring a
faster transfer of a majority of inhabitants and reducing the environmental impacts of the trans-
port sector. Based on the results from BRT system evaluation, two out of three systems, i.e.
TransJakarta and Beijing BRT were defined as successful. All three evaluated BRT systems im-
proved traffic speed for bus transit, reduced travel time for bus commuters and increased road
safety on BRT corridors. However, all these systems have a common problem, respectively, the
lack of system capacity. A major barrier of this research was data availability on the selected
BRT systems, leading to low certainty of the evaluation results. The main success factors of
BRT systems were also determined, respectively, BRT support from government and interna-
tional organisations, scrutinised planning stage of a new BRT system and the implementation of
BRT systems together with other policies. Last, but not least, the new developed methodology
was valid to measure the success of BRT systems in Asia. It was applicable for the evaluation of
the selected BRT cases and can be also applied in the future for the evaluation of other BRT
systems.
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1. Introduction

In order to keep climate change at stabilised level (below 2°C), IPCC (2007) states that by the
year 2050, developing countries will have to reduce their greenhouse gas (GHG) emissions up
to 50% while the reduction of over 80% will be required in developed countries. These goals
represent a particular challenge for transport sector which is one of the largest sectors responsi-
ble for GHG emissions. Currently it accounts for 13 percent of globally emitted GHG, which
can be translated into 18 percent of global CO, emissions (IPCC, 2007; IEA, 2006). Besides
significant contribution to climate change, the transport sector, especially in developing coun-
tries, usually causes local and national problems such as congestion, atmospheric pollution, en-
dangered safety of inhabitants, and others, in this way affecting the overall quality of life, health
and sustainable development of the country and its society.

Transport sector in developing countries, particular in Asian countries, such as India, China and
Indonesia, can be characterised with rapid motorisation, constantly increasing private car own-
ership and deteriorating public transit systems (Ernst, 2009; Soehodo, 2010). However, the ma-
jor part of population of these countries, especially its poor part, still travel by the use of public
transport, NMT (non-motorised transport, i.e. cycling and walking) and motorcycles (IEA,
2009). This indicates that in these countries more attention has to be put on the improvement of
public transport sector and infrastructure for NMT transport, rather than on construction of new
roads and flyovers to accommodate the increasing amount of cars (Bhatia & Jain, 2009). One of
the options for the improvement of public transport system functioning and the quality of this
service is so-called Bus Rapid Transit (BRT), which is usually integrated into transportation
system of the city together with several support measures, such as new (renovated) infrastruc-
ture for NMT transport (IEA, 2009; Wright & Fulton, 2005).

BRT offers the opportunity for developing cities to create a high-quality mass transit system at
affordable costs (Wright, 2005). BRT can be defined as “a bus-based mass transit system that
delivers fast, comfortable, and cost-effective urban mobility” (Wright, 2005). At present, ac-
cording to VTPI (2010), BRT systems are also considered as a more affordable alternative to a
rail-based system, such as metro or light rail. In the core of BRT operation are the segregated
bus lanes that set a priority for a rapid movement of buses. BRT can be seen as a system that
incorporates the infrastructure (bus lanes, station, terminals, and buses) with its organised opera-
tion in order to provide a higher quality service than traditional bus system and attract travellers
who would otherwise drive personal cars on congested urban roads (Caldes et al., 2007). Con-
sequently, the reduction of the amount of cars on the roads would result in general decrease of
congestion level in the city centre together with the decrease of GHG gases and local pollutants.

Despite the growing popularity of BRT systems in developing countries, there is a relative lack
of detailed research on the successfulness of these systems that would reveal at which circum-
stances BRT systems show high performance and at which circumstances these systems has to
be improved/changed in order to ensure their better functioning. BRT systems, which is one par-
ticular type of transport policy, can be potentially evaluated on their successfulness by using so-
called ex-post evaluation method. The main objective of ex-post evaluation is learning. Lessons
from the past considering implementation of such a system could potentially improve the qual-
ity of future decision making process, effecting the evaluation and planning of current/future
BRT projects (Berveling et al., 2009). Besides this, ex-post evaluation of BRT systems on their
successfulness, particularly in largest cities of Asia, could also fill a significant gap as in sci-
ence.
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2. Research methodology

The overall aim of this research is to:

Gain insight in BRT system functioning in large Asian cities and identify how the
knowledge from these system operation can be applied on the current/future BRT sys-
tem planning/implementation process with an intension to make these BRT systems
more successful from environmental, social and economic perspectives.

The main research question to be answered in this research is:

Under which conditions BRT systems could be successfully applied in large Asian cit-
ies in the 21" century?

The term ‘success’ can be defined as an achievement of something desired planned or attempted
(The FD, 2010). However, it is rather difficult to measure a success in the objective science as
there is no uniform and commonly accepted method existing for the evaluation of success. In
this research, therefore, it is important to define first what is a successful transport policy, par-
ticularly a successful BRT system, which was chosen for the evaluation from a variety of exist-
ing transport polices.

In this research, a BRT system will be considered successful, when it shows a high contribution
to the sustainable development of a selected city. This contribution will be evaluated on three
main sustainability dimensions, respectively, environment, society and economics. The applica-
tion of these sustainability dimensions for a policy evaluation is reported in Campos et al.,
(2009); Joumard, R. & Nicolas, (2010); Vickerman, (2000); Neij & Astrand, (2006). These sus-
tainability dimensions are also known as a ‘triple bottom line’' (Wayne & MacDonald, 2003;
UNEP, 2009). More specific definition and guidelines on how and when the BRT system will
be evaluated as ‘successful’ is given in Paragraph 4.2.

There were three BRT systems selected for the evaluation in this research, respectively,
TransJakarta BRT, Delhi BRT and Beijing BRT. The reasons for a selection of particularly
these systems are discussed in Chapter 5.

Policy evaluation is an important step for an enhanced understanding of policy performance.
Identification, understanding and learning of changes and effects made by certain policy imple-
mentation are essential for an improvement of future policy making process (Neij & Astrand,
2006). Evaluation of implemented policy with the main objective of learning can be performed
by using ex post evaluation. This method mainly involves the evaluation of policy outcomes af-
ter the policy implementation, assessing to which extent policy objectives were reached
(Berveling et al., 2009)*.

This research will be focused on ex post evaluation of several BRT systems on its successful-
ness, and it is going to be performed according to the methodology as shown in Figure 2.1.

“The triple bottom line, also known as ‘people, planet, profit’ or ‘the three pillars’ is an attempt to describe the
social and environmental impact of an activity, in a measurable way, to its economic performance in order to show
improvement or to make evaluation more in-depth” (Wayne & MacDonald, 2003; UNEP, 2009).

The other possible policy evaluation method is so-called ex ante. Ex ante evaluation is usually applied in policy
design and implementation stage. This evaluation is aiming at improving the quality of the policy and to foresee
(in terms of several scenarios) the outcomes from the policy implementation (Crabbé & Leroy, 2008).
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Figure 2.1 shows that the current research consists of four main blocks, respectively, ‘defini-
tion’, ‘description of the case studies’, ‘evaluation of each case study’ and ‘result analysis’.

Before a short description of each block, it has to be mentioned that the evaluation of each BRT
system selected within this research is going to be performed by a separated case study (see
more discussion in Section 4.1). Therefore two out of four blocks contain an expression ‘case
study’.

The ‘definition’ block of the research is going to be used as a base for the performance and
evaluation of BRT case studies. In this block, three main elements are going to be defined: ‘be-
havioural theories’, ‘framework and methodology for BRT system evaluation’ and ‘target coun-
tries for BRT evaluation’.

First, behavioural theories for transport system analysis are going to be described and analysed
(see Chapter 2). These theories will give an explanation why people travel and why a particular
way/mode of transportation is chosen in particular circumstances. These theories are going to be
applied in ‘result analysis’ block for the explanation of BRT system evaluation results.

Second, a theoretical framework for transport policy evaluation needs to be defined. The evalua-
tion of each BRT case study is going to be performed within this defined framework (Section
4.1 and 4.3). Next to this, for the evaluation of transport policy on its successfulness, a new
evaluation methodology needs to be developed, since no methodology applicable for this study
exists. In Section 4.2, a uniform methodology for transport policy evaluation on policy success-
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fulness is going to be developed and this methodology will be identically applied particularly
for BRT policy evaluation.

Third, the selection of BRT case studies will be described. In this step, the main characteristics
(common/different issues) of the target countries will be discussed, as well as the main insight
in general transport system characteristics of these countries will be provided (Chapter 5).This
will be used as a contextual information for the BRT case studies. Based on this information, it
will be decided to what extent the evaluation results of each BRT case study can be compared
with each other.

In the ‘case study description’ and ‘case study evaluation’ blocks, the selected BRT case studies
will be conducted (Chapter 6,7 and 8). Each case study will be conducted separately from each
other (see Paragraph 4.1.1 for explanation). The main steps, which will be undertaken within
these blocks, are described in details in Section 4.3.

In the last ‘result analysis’ block, the results of each BRT case study evaluation will be analysed
and compared’, taking into consideration the main characteristics of each transportation system
evaluated. The conclusions and recommendations for the further research will be given.

This research (master thesis) is performed at ECN, Policy Study department in Amsterdam un-
der the supervision of Stefan Bakker. The research is a part of the project ‘Comparative interna-
tional review of third country measures to reduce the climate impact of transport’ which ECN is
performing for DG-environment of the European Commission, led by the Transport Research
Laboratory in collaboration with four other research institutions from Europe, Latin America
and Asia.

Boundary setting

This research is performed based on a broad literature study. Information in scientific publica-
tions is given a highest priority. No site-visits or stakeholder’s interviews are planned to be per-
formed due to time and financial constraints.

This research is focused on the evaluation of bus rapid transit systems, which is one type of
transport policies. This means that no other transport policies are evaluated in this.

The results of the evaluation represent a general ‘picture’ of the BRT systems performance from
the moment of system’s opening until present. No predictions or scenarios for these BRT sys-
tems’ performances in the future are conducted in this research.

3 To what extent these results can be compared with each other will be defined in the third step of the ‘definition

block’.
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3. Behavioural theories

3.1 Transport system analysis. Transportation and social organisation

The design of a built environment and the organisation of a social system can be outlined by its
three fundamental structures, which are often viewed as interrelated systems. These systems are:
a production system, a societal system and an infrastructure service system (Figure 3.1),
(Michaels, 1981).

A production system, according to Michaels (1981), is viewed as a set of functional units, pro-
ducing socially useful and desirable goods from raw materials through the use of machines and
people (e.g. factories).

A societal system consists of institutions that provide goods and services to customers (e.g. su-
permarkets, hospitals, schools).

The third, the infrastructure service system, can be viewed as a linkage between production and
societal systems, providing the basic resources that both systems need to function. These
sources can be, for example, energy, water, raw materials, etcetera. However, the central ele-
ment of this system is transportation itself, involving the transportation of basic resources and
the transportation of people.

Societal
system

Production
system

Infrastructure service
system

Social system organisation

Figure 3.1 Fundamental structure of social system organisation (adapted from Michaels, 1981)

The integration between these three systems (Figure 3.1) determine the general wealth, the qual-
ity of life of society and the design of its built environment. Industrial cities, for example, were
mainly developed around the production system. The primary focus of these cities has been on
providing technologies, labour and infrastructure to satisfy the requirement of the production
system (Michaels, 1981). For this reason, the infrastructure service system in these cities, in
which transportation played a major role, was developed and organised by the production sys-
tem’s requirements. For public transportation, mass transfer systems (e.g. metro, bus and tram
systems) were designed and heavy infrastructure systems for raw material transportation were
developed (railways, highways, etc.). The way in which these cities were developed and organ-
ised has determined the demand and importance of the transportation sector.

The understanding the driving forces behind city/country development can be applied for the
analysis of the transport system design in a particular city/country. In this research, the descrip-
tion and analysis of the transportation system of a particular country is conducted under the ‘de-
scription block’ (see Figure 2.1).

Personal transportation within the societal system organisation is considered as a part of the in-
frastructure service system (mentioned above). According to Michaels (1981), the term ‘travel’
can be defined as follows: “mediating activity between the needs of the individuals and the
sources of their satisfaction, which are distributed in the space”. This definition clarifies that
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travel and personal transportation are the linkages between people’s needs and satisfiers of these
needs, which can be found in the societal system. A need, for instance, can be to remedy a tooth
ache; a satisfier in this case would be a tooth cure by a doctor (in the hospital). In order to sat-
isfy this need, a person has to travel from one destination to another.

In order to understand transportation demand, i.e. why people travel and choose a particular
transportation mode, destination and time, it is important to analyse people’s behaviour and
their motivation and decision-making process with regard to transportation issues. A general
model that can be deployed for understanding what drives people’s motivation and behaviour,
the so-called ‘needs-opportunities-abilities (NOA) model’, is discussed in the following section.

3.2 Behaviour theories: The Needs-Opportunities-Abilities (NOA) model
of people behaviour analysis

The NOA model was developed at the end of the 1990’s as a conceptual framework for describ-
ing and understanding the motivations behind customer consumption patterns and customer be-
haviour (OECD, 2002; Schenk et al., 2007). In the NOA model, according to OECD (2002),
“consumer motivation to act in a specific way results from certain consumer needs and opportu-
nities and abilities to fulfil those needs.” According to this model, people buy goods and travel
for satisfaction of their needs and not for the process itself. The schematic overview of NOA
model is represented in Figure 3.2.

Needs of people in NOA model are often referred to “a set of objectives that an individual
wants/pursues to achieve in order to maintain and improve his/her quality of life and well-
being” (OECD, 2002; Schenk et al., 2007). This set of objectives can be education, work,
money, social status, etcetera (see Figure 3.2). However, all needs, which are indicated in the
‘need box’ in Figure 3.2, are primary created as a combination of a person’s physiological,
safety, belongingness, esteem and self-actualisation needs, as described by Maslow (1943). Un-
derstanding these primary human needs is a basic step for the analysis of people behaviour (see
Section 3.3).

Opportunities are often described as a set of conditions that can influence people’s decisions on
how, where and when they are going to satisfy their needs. In general, the opportunities can be,
for instance, the availability of goods and services, their accessibility and diversity (e.g. differ-
ent transportation modes), prices, relevant available information, etcetera.

Abilities, on the other hand, are the limitation factors in people’s needs satisfaction. These limi-
tations include financial (income level), spatial (distance to travel from one destination to an-
other), temporal (free time availability, e.g. to go on holiday), cognitive and physical skills (cul-
ture, education, favourite destinations, health, permits, etc.).

ECN-0--11-013 11
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Figure 3.2 Need-opportunity-ability (NOA) model of consumer behaviour
Source: OECD, 2002; Schenk et al., 2007

The schematic representation of the NOA model in Figure 3.2 shows that on the one hand,

needs and opportunities together comprise the motivation of people ‘to do things’. For example,

hunger, which creates a person’s need for food, and availability of a supermarket in the

neighbourhood both create a person’s motivation to go to that particular supermarket and buy

food. On the other hand, a person’s financial situation and the location of the supermarket can

significantly influence a person’s decision to choose for this location or an alternative location

to buy food. In the NOA model, this influence is defined as the behaviour control, which com-

prises both opportunities and abilities (see Figure 3.2). From this analysis it can be concluded

that, in principle, consumer behaviour (how, where and when they buy food) is guided by per-

sonal needs and behaviour control to satisfy these needs. However, Figure 3.2 also shows that,

in addition to the needs-opportunities-abilities model, there are five external factors that can also

influence consumer behaviour, which, according to OECD, (2002), Schenk et al., (2007) and

EEA, (2008), are:

e FEconomic: e.g. level of income, taxes, GDP, prices for goods and services, subsidies, etc.

e Socio-demographic/spatial: e.g. household size, age distribution, ethnicity, migration, popu-
lation density, land use, etc.

o [nstitutional: refers to permissions, governmental regime, etc.

e Cultural: e.g. attitudes, lifestyle and values, etc.

e Technological: e.g. development in information technologies, etc.

The interaction of these factors and their influence on customer needs, opportunities and abili-
ties is important when analysing people’s transportation behaviour.

3.3 Maslow’s hierarchy of human needs

In the previous section, the needs of customers were briefly introduced. It is rather important
though to get a deeper insight in basic human needs to understand what motivates people to act
in a certain way. Based on this knowledge, the analysis of a person’s behaviour (involving
transportation issues), can be performed.
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The hierarchy of needs, developed by the American psychologist Abraham Maslow in 1943, is
considered as a fundamental theory for understanding the basic human needs that motivate a
person for a particular action and for personality development (Maslow, 1943). The hierarchy of
needs is usually presented as a pyramid, depicting the levels (in total five basic levels) of human
psychological and physical needs. The theory behind this hierarchy is that a person does not feel
a second (higher) need until the first, most basic need is satisfied (Maslow, 1943). The same
way, the third level of needs emerges only when the needs of the second level are satisfied and
SO on.

According to Maslow (1943), the five basic levels of human needs are as follows:

e Physiological needs. These are the most basics needs for survival, such as the need for water
and food, located at the lowest (basic) level of the hierarchy. The physiological needs are
ones that have to be satisfied first. All other needs become less important until the physio-
logical level of needs is satisfied.

e Security needs are placed on the second hierarchical level. Security needs are also important
for survival. However, these needs are not emerging before physiological needs. Examples
of security needs can be a need for a good house, health insurance, steady employment, a
safe neighbourhood, etc.

e Social needs. This level includes needs for belonging, love and affection, involving both giv-
ing and receiving these needs. Relationships such as family, friends and romantic attachment
are usually fulfilling social needs.

o [FEsteem (Ego) needs. After satisfaction of the first three levels of needs, esteem becomes im-
portant. This level includes a need for things that reflect on esteem (personal and received
from others), personal worth, social recognition, etc. When these needs are satisfied, a person
becomes self-confident as opposed to frustrated, weak and helpless.

e Self- actualisation needs. This is the last level of needs hierarchy. Self-actualisation is a need
of a person to be ‘what he can be’. For a musician it is making music; for an artist it is paint-
ing. These needs can drive a person to “become everything that one is capable of becom-
ing” and fulfil their potential. One individual can experience self-actualisation as a need to
become an ideal mother; others may want to express themselves in painting, inventions, etc.

From the description of the five basic levels of human needs it can be seen that transportation as
such is not included in these needs. This can be seen as the main conclusion of this section. Ac-
cording to the NOA model (see Section 3.2), people travel to satisfy their needs (e.g. going to
shops for buying food and clothes, going to work and schools) and not for the travelling process
itself. However, it is important to realise that the places people travel/go to and the things people
do are unconsciously guided by basic human needs, as described by Maslow. For example, peo-
ple travelling to work, applying Maslow’s hierarchy of needs, can be explained as satisfaction of
their basic security and social levels of needs. In other words, people’s need to go to work
emerges from the necessity of e.g.: (1) having financial security and (2) feeling a social belong-
ing.

Considering travel to be a connection between human needs and their satisfiers, the NOA
model, which was initially designed for understanding customer behaviour, can also be applied
for the analysis of human transportation behaviour. This NOA application is discussed in the
next section.

3.4 Application of NOA model for human transportation behaviour
analysis

As discussed in the previous section, there is always a need behind personal transportation. In
order to satisfy the five levels of needs, people go shopping for food and cloths (basic physio-
logical needs), they travel to hospitals for medical care, ensuring their security needs. Moreover,
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people get education and work (security and social needs satisfaction), as a result of which they
have to travel as well, in order to reach these establishments. In terms of social needs, people go
on holiday and visit friends. These examples reflect the important role of transportation as a
mean for needs satisfaction in a person’s everyday life.

According to EEA (2008), people’s needs satisfiers can be found in several ‘sectors’, i.e. do-
mestic/housing, education, health (hospital), industry, retail shopping, business and lei-
sure/tourism (see Figure 3.3). The distribution of these sectors’ establishments (e.g. shops, hos-
pitals, schools, etc) in the city mainly determines the opportunities and abilities of people to sat-
isfy their needs. For example, if the city hospital is located far away from a person who needs
medical care, the abilities of this person to reach the hospital can be limited by travel distance
and other factors (e.g. availability of a car, financial situation, time, etc).

However, the needs, opportunities and abilities of people are often influenced by different ex-
ternal factors, such as economic, socio-demographical, institutional, cultural and technological
factors (as discussed in Section 3.2). The complex interactions of sectors and factors discussed
determine the demand for transportation (see Figure 3.3), transport model choice, the distance
travelled, etc.

Economic Domestic/ Mode
housing ,
Socio- b
demographical / \ Distance
Institutions I::> \ I::>
Cultural Shopping Distribution
Technological
TRANSPORT
FACTORS SECTORS DEMAND

Application of NOA model

Figure 3.3 Application of NOA model for transport demand analysis (adapted from EEA, 2008)

The discussion above generally represented the integration of the NOA model into the analysis
of human transportation behaviour, which results in a particular transportation demand. It was
shown that, in order to understand the demand for transportation and issues related to that, it is
first important to understand people’s needs, existing opportunities and abilities.

For a better understanding of Figure 3.3, it will be practically analysed in a specific example. A
person’s travelling for leisure purposes is chosen for this particular analysis. As shown in Figure
3.3, the leisure sector is one of the components determining a person’s needs, resulting in
his/her motivation and choice for transportation. The practical application of the NOA model to
the travel for leisure (holiday) example is shown in Figure 3.4.
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Factors

Technology (tourism infrastructure, transport modes); Economy (integration, globalisation, etc); Policy
(regulations, information, visa); Demographics (retirement age, employment, family structure); Culture
(destination choice, leisure-time spending choice)

4
Leisure sector
Needs Opportunities Abilities
Entertainment, relaxation Tourism travel prices Per capita income
and variety Tourism products and services Working time and paid leave
Advertising and information Vocation time availability
v

Transport demand

Transportation mode, destinations and frequency of travel

Figure 3.4 NOA model application to leisure travel example (adapted from OECD, 2002)

A person’s needs for leisure travel (holidays) can find its motivation in seeking for e.g. relaxa-
tion, recreation, comfort (sunny and warm weather), distraction from the working environment,
etc. On the global travel market, plenty of holiday opportunities are offered by travel agencies,
depending on personal preferences. The abilities of how when and where a person goes on holi-
days can be determined by several factors, such as preferred destinations and type of holiday
(depending on the lifestyle of a traveller). For instance, whether a person has more interests in
nature (sunny weather, attractive beaches, sky-high mountains) or in culture (historical cities,
interesting architecture, unique local culture). Besides type of holiday, factors such as availabil-
ity of money and time to be spent on holiday, as well as family and work situation (has impact
on the frequency and duration of holiday) also are major determinants.

As discussed above, several external factors can also influence the holiday travel choice. These
could be, e.g. the culture of a traveller, possibilities to get to a particular destination (e.g., visa
permit), and many other factors. The final choice for a holiday destination, transportation mode
and consequently the environmental impacts from tourism travel will depend on the interaction
of needs-opportunities-abilities and the external factors (OECD, 2002; Sauermann, 2005).

The holiday travel example discussed above gave a short overview of how the NOA model can
be applied to transportation behaviour analysis. However, besides all factors mentioned, there is
one important factor that needs to be analysed in more detail: a person’s cognitive perception,
which can have a significant influence on a person’s motivation, transportation behaviour,
transportation demand and transportation mode choice.

3.5 Psychological factors influencing the choice and demand for
transportation

The discussion in the previous sections indicated that the demand for transportation can be es-
tablished depending on a person’s needs, opportunities and abilities, influenced by interaction of
different external factors. However, the final decision of where and how to travel usually also
depends on a person’s psychological factors.

Because satisfiers’ locations of people’s needs are geographically scattered (in societal system),

according to Michaels (1981), individuals have to develop a so-called ‘cognitive understanding’
of their environment.
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Michaels (1981) indicates that “the distribution of a trip in the space is a consequence of the in-
teraction between cognitive organisation and the means of access of the space”. For example,
people who are willing to buy new cloths, would select stores which they are aware of. The se-
lection of these stores, according to Michaels (1981), is usually made from a subset of different
possibilities that are determined by a person’s knowledge (where to buy a particular piece of
clothing) and their ability to locate alternatives (different stores) in the space. This selected sub-
set of different options is further reduced by accessibility, which can be determined by the
transportation system itself (e.g. availability of routes by which the desired location can be
reached, possibility of reaching the selected location by public transport vs. by passenger car,
etc).

To summarise the discussion above, the final set of possibilities for a person’s need satisfaction
can be reduced because of: (1) individual cognitive perception of the alternatives and (2) by the
transportation issues of how the chosen alternatives can be reached.

Considering the second issue (transportation), factors such as travel time, costs and comfort are
the most important ones to be considered. According to Michaels (1981), there are also other
factors to take into consideration, which can determine the overall decision to travel and the
choice of a particular transportation mode. These factors are: trip frequency, trip reliability, trip
length and trip urgency. However, in general, people tend to choose for the shortest, least ex-
pensive and most comfortable way of transportation (Michaels, 1981). The significance of these
three factors and their influence on a traveller’s decision (e.g. student vs. retired person’s trans-
portation behaviour) depends on a person’s needs, opportunities and abilities (NOA model).

Besides individual cognitive perception, another important factor has to be considered when
discussing people transportation behaviour. The selection of alternatives by a person is based
not only on a person’s rational considerations (such as costs and time), but also on individual
preferences, values and attitudes (Michaels, 1981; Sauermann, 2005). These qualitative and
emotional dimensions are also very significant (together with individual cognitive factors) in
determining where, when and how people will travel for their need satisfaction. For example, if
a person possesses a ‘luxurious’ car, other people may have a perception that this person has a
high social status® (Pucher, 1995; Hook, 1999; White, 1979).

This section gave an overview of two important psychological factors, which, besides needs-
opportunities and abilities, can significantly influence individual transportation behaviour.
However, on top of all the factors discussed, the motivation and behaviour of people, determin-
ing how, when and where they are going to travel in order to satisfy their needs, can also be in-
fluenced and controlled by various regulations. A theory that is commonly applied as a base for
these regulations (e.g. policies) for people behavioural control is so-called reinforcement theory,
which is discussed in the following section.

3.6 Reinforcement theory

Reinforcement theory, as reported by Everett (1981), was developed with the purpose of shap-
ing people’s behaviour by controlling the consequences of their behaviour. This theory had been
successfully applied (tested) for modification of people’s behaviour in clinical, educational and
correctional institutions. Since the 1980s, the application of this theory is also found in changing

Personal auto became an important symbol of freedom and social status in eastern Europe after the World War II.
Demand in automobiles in Eastern Europe (Poland, Hungary, etc), far exceeded “what is actually necessary to
meet mobility. The very possession of a western automobile has become so important for displaying one’s social
and economic status that is also could be called auto-mania”. In eastern Europe people with modest income have
purchased cars even though they couldn’t really afford them, because it was essential to show that one doesn’t be-
long to lower class of society (Pucher,1995).
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people’s behaviour related to energy consumption, environmental pollution and transportation
patterns.

There are two central concepts in reinforcement theory, i.e. reinforcement and punishment. This
theory suggests that the consequences of a particular behaviour influence and/or determine the
probability and frequency of such behaviour to occur in the future (Everett, 1981; Barnett,
2010). If the consequences of a person’s behaviour increase the probability of such behaviour to
occur again, it refers to reinforcement concept of the theory (reinforcement of desired behav-
iour). For example, if an individual completes a piece of work, such as a painting, and receives a
large amount of money for this painting, the person would be motivated to paint more; as a re-
sult the probability and frequency of this behaviour (painting) would also increase.

The second concept of the theory is punishment, which, opposite to the reinforcement concept,
tries to decrease the frequency and probability of a particular behaviour to occur. In other
words, punishment is applied to eliminate undesirable behaviour. A good example of punish-
ment concept application in practice (by means of regulations) could be e.g. tickets for speed-
ing. According to Everett (1981) and Barnett (2010), punishment is the most commonly used
concept of reinforcement theory, but, in principle it should be used only if the reinforcement
concept cannot be applied.

The stronger effects of reinforcement incentives were proven by E.L. Thorndike back in 1911,
known as the ‘law of effects’. This law basically states that “while all other things remain equal,
responses to stimuli that are followed by satisfaction will be strengthened and responses that are
followed by discomfort - weakened” (Barnett, 2010). The research of Everett (1981) and Bar-
nett (2010) suggests that, in principle, reinforcement/punishment occurring directly after a par-
ticular behaviour has a much stronger impact on strengthening/weakening of this behaviour in
comparison to when reinforcement/punishment is delayed (e.g. when a person receives a speed
ticket by post at home a couple of month after the speeding incident).

The application of the reinforcement theory in the NOA model offers the most optimal possibili-
ties for behaviour control in the ‘opportunity’ part of the model. The needs of people are deter-
mined by the people themselves and therefore cannot be entirely controlled by external factors
and regulations. The ability of people to satisfy their needs is also determined by their circum-
stances, attitude and social level (income level, health (e.g. handicapped people have less abili-
ties than healthy people), time availability, etcetera), which are rather complicated to control by
means of regulations. The ‘opportunity’ part of the model defines existing options for people to
travel from one destination to another.

Applying reinforcement theory in this part of the model, transportation behaviour and the choice
of a particular mode can be controlled. For example, ‘reinforcement’ for car driving (what moti-
vates person to choose for this transportation mode) could be: short travel times, prestige, arri-
val/departure flexibilities, privacy, route selection possibility, etc (Everett, 1981); ‘punishers’
for the car driving (demotivates a person for the use of personal car) could be i.e. congestion,
fuel and car maintenance costs, parking, etc. Making these ‘punishers’ stronger than ‘reinforce-
ments’ (or vice versa), by means of regulation, in general can guide person to a particular trans-
portation mode choice. This is, regulations in the transportation sector, such as bans of cars in
the city centres, introduction of the road pricing systems, fuel taxation, speed tickets, etcetera,
are all oriented towards ‘opportunities’ and are applied for making car driving ‘punishers’
stronger. The reduction of personal car use can be expected as a possible outcome of these regu-
lations, leading to a switch from this transportation mode towards other alternatives, such as
public transit.

However, in this example, in order to perform a successful transportation mode switch from

personal cars to the use of public transit modes (i.e. a bus), the ‘punishers’ for a car driving have
to be stronger in comparison to the ‘punishers’ for the use a bus. The ‘punishers’ for the use of
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buses (that can be influenced by various policies) can be: discomfort, noise, dirt, exposure to
weather, danger of crime (at the stops), crowdedness, unpredictability, long travel times, low
prestige, limited route selection, waiting times (schedules), etc (Everett, 1981). For the promo-
tion of public transportation modes it is also important to pay attention and emphasise its rein-
forcements, i.e. freedom from: (1) a car ownership, (2) driving responsibility and (3)
search/costs for a parking place.

The description of the reinforcement theory, which was presented in this section, is important
for understanding of why the regulations (i.e. transport policies) are applied, and in which par-
ticular part of NOA model its application is the most optimal. The discussion of this section
mainly provides a base for a further analysis of transport policies and successfulness of their
implementation.
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4.  Transport policy evaluation

4.1 Theoretical framework

In this research, a general transport policy evaluation framework needs to be developed, which
can be identically applicable for the evaluation of the selected transport polices. From various
transport policies existing in developing countries, in this research BRT systems in Asia region
were selected and therefore the new developed framework is going to be applied for the evalua-
tion of the selected BRT systems.

There are several different approaches existing for policy evaluation (Crabbé & Leroy, 2008).
Within this research, eleven different approaches for environmental policy evaluation, reported
by Crabbé & Leroy, (2008), were analysed and evaluated on their applicability to be used for
the transport policy evaluation. These approaches are: needs analysis; program theory evalua-
tion; case study evaluation: case study research; experiment and quasi-experiment; forma-
tive/developmental evaluation; goal-free evaluation; impact assessment; cost-effectiveness
analysis and cost-benefit analysis; logframe method/logical framework approach; multi-criteria
analysis and realistic evaluation.

All approaches mentioned could be applied to greater or lesser extent for transport policy
evaluation. However, when particularly ex post assessment is considered, several approaches
(e.g. needs analysis) become non-practical, as being used mainly ex ante (Crabbé & Leroy,
2008). From all eleven approaches analysed I found out that ex post transport policy evaluation,
particularly BRT system evaluation on its successfulness’ in the developing Asian countries,
can contain elements of three different evaluation approaches, which are: case study evaluation,
goal-free evaluation and multi-criteria analysis. All selected approaches are going to be shortly
described as follows.

4.1.1 Case study evaluation

Case study evaluation (CSE) is a general research method, which can be applied for the evalua-
tion purposes. According to Crabbé & Leroy (2008) CSE application can explain how and why
a certain policy has worked. “By scrutinising policy, within the boundaries of a case, the evalua-
tor acquires insight into how policy is functioning and why”. On the basis of these findings, the
evaluator then can assess the policy.

Case study evaluation can be applied as an in-depth research, which allows a performance of a
separate study on a specific subject® within its context (Crabbé & Leroy, 2008). There are four
main steps in case study evaluation, which are: 1) design of the case study; 2) data collection; 3)
analysis of the collected data and 4) report on findings. These four steps of CSE provide a suit-
able framework for BRT systems’ evaluation, as each BRT system selected, respectively,
TransJakarta BRT, Beijing BRT and Delhi BRT, can be assessed as an independent case. There-
fore, the performance of the selected BRT systems will be studied partly based on the ‘case-
study evaluation’ approach.

4 1.2 Goal-free evaluation

According to Crabbé & Leroy (2008), goal-free evaluation approach can be applied for an as-
sessment of policy effects. It aims to evaluate “what the policy actually does rather what it is

5> Definition of success was given in the introduction.
6 In this case these are selected BRT systems.
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expected to do”, therefore for goal-free evaluation is not important to know the goal/objectives
of the policy’. The evaluation of policy effects has to be based on several evaluation criteria and
it is required to keep a broad evaluation scope (Crabbé & Leroy, 2008) in order to cover direct
and indirect effects® of the policy. Therefore, as mentioned in Chapter 2, BRT systems are going
to be evaluated on three sustainability dimensions: environment, society and economics. The
application of these sustainability dimensions for policy evaluation is reported in Campos et al.
(2009), Vickerman (2000) and Neij & Astrand (2006).

Goal-free evaluation approach includes four main steps. First, it includes a description of data
collection and analysis techniques (a way in which data are going to be collected and analysed).
The second step involves selection of the evaluator, a person to perform the evaluation. The
third step is an actual study or evaluation and the forth step is a formulation of recommendations
(based on the evaluation outcomes) (Crabbé & Leroy, 2008). It can be seen, that these steps are
rather similar to ‘case study evaluation’ (see Section 4.1.1) and therefore this evaluation ap-
proach fits into the selected framework. Goal-free evaluation makes this framework more spe-
cific; during the data search/collection stage, there is no need to define objectives of the BRT
policy implemented.

As mentioned before, goal-free evaluation suggests using different evaluation criteria, which
can represent the outcome of the policy. However, there is no uniform set of criteria existing for
transport policy evaluation, especially for BRT system. Applying the goal-free evaluation ap-
proach, the evaluator is allowed to independently make a selection of criteria for the evaluation
(see Section 4.2). This step involves elements of ‘multi-criteria analysis’, as described below.

4.1.3 Multi-criteria analysis

Multi-criteria analysis (MCA) is a method which is mostly used for a comparison of various
policy alternatives. The general idea of this evaluation method is the assessment of various pol-
icy actions against selected criteria in order to determine the best alternative. Usually, each cri-
terion in this evaluation is given a score, allowing further comparison of the alternatives. As a
result of this analysis, a ranking of alternatives takes place, revealing the best option (Crabbé &
Leroy, 2008).

Multi-criteria analysis is mainly applied ex ante in policy planning phase. However, there is an
element of this method that is applicable for this research, which is the selection of indicators
for the evaluation of one particular criterion.

In this stage it is important to distinguish the difference between criterion and indicator:

e C(iriteria represent the outcome of the policy and can be evaluated by the use of indicators.

e Indicators are usually values that can be measured’. For instance, indicators can be: CO,
emission reduction (gCOy/km), speed of motorised vehicles (km/h), time saving for transpor-
tation (min/day), etc. Based on the values of selected indicators, the evaluation of a particular
criterion can be made (see Section 4.2).

In this research, the evaluation of a particular criterion'® is going to be based on a set of indica-
tors. The selection of the evaluation criteria as well as of these indicators is going to be per-

In goal-free evaluation it is not required to identify and evaluate policy objectives (to which extent the objectives
of the policy were reached), instead, more attention should be paid to the evaluation of policy (side)effects
(Crabbé & Leroy, 2008).

Direct effect form BRT policy implementation can be, for instance, congestion reduction. The reduction of con-
gestion level in the city, as the result of BRT policy, can lead to the improvement of local air quality. In this case,
the improvement of local air quality is indirect effect of the BRT policy implementation.

There are quantitative and qualitative indicators existing (see paragraph 4.2.2).

There are several criteria to be selected in this research for the evaluation of BRT systems on their successfulness
(see Paragraph 4.2.3).
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formed based on the elements of ‘goal free evaluation’ and ‘multi-criteria analysis’ approaches,
as discussed above. However, the general evaluation of BRT system performance is going to be
performed within the broader framework of ‘case-study’ evaluation.

4.2 Transport policy evaluation methodology

In this section, the methodology for BRT systems evaluation on its successfulness is going to be
developed. This methodology only concerns the evaluation step itself and is it going to be
equally applied for the evaluation of each selected BRT system (see Figure 2.1). In order to un-
derstand how the evaluation of transport policy can be performed and which types of indicators
should be selected for the evaluation, it is important to get a general insight on policy imple-
mentation cycle.

4.2.1 Policy implementation cycle

The policy implementation cycle'" involves five main steps, which are ‘objective’, ‘input’, ‘out-
put’, ‘outcome’ and ‘impact’ (see Figure 4.1). Depending on the goal of the evaluation, each of
these steps can be evaluated by the use of appropriate indicators.

1
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Figure 4.1 (Transport) policy implementation cycle (adapted from Neij & Astrand, 2006)

From Figure 4.1 can be seen that in general, policy implementation is occurring on two different
levels, respectively, societal level (involving society and environment) and policy making level,
where the policy is mainly been designed.

The reasons for a new policy design and implementation are found in the societal level. The
functioning of a system (in this case transport system) can cause several problems and create
additional needs in the society. These problems and needs indicate the desired changes in the
system, and these are the main reasons for a new policy development (Segnestam, 2002; Boker,
2005). Defining the objectives of the new policy is the first step in the cycle (see Figure 4.1).

In goal-free policy evaluation it is less important to know the objectives of the policy (see Sec-
tion 4.1.2). However, it is still essential to have a description of the transportation system before

1" Transport policy implementation complies with the general policy implementation cycle (concluded by the author
of the research based on the literature study).
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the policy implementation, since it can be used as a reference point for the analysis of the
changes in the system caused by the implementation of the new policy'”.

The second step is policy input (Segnestam, 2002; Boker, 2005). Inputs are the resources that
are invested in policy implementation (e.g. investment, equipment, labour, etc). Considering
transport policy, this can be a level of funding spent on construction of new roads and stations,
etc. For monitoring this step, input indicators are used.

The third step is defined as policy outputs. After policy implementation there are quantitative
direct results, e.g. number of installed air quality measure station, number of new busses, km of
new sidewalks, etc. In order to measure these results output indicators are used'’. These indica-
tors, though, give an insight only in system improvement but still not on its’ functioning
(Segnestam, 2002; Boker, 2005), since this step is taking place in policy making level'. There-
fore these indicators can be seen as contextual factors or technical data of the evaluated system.
The literature study performed shows that these indicators are easy to define and measure, and
therefore they can be applied as a supplement to the outcome indicators.

The fourth step is known as policy outcomes, indicating what the policy outputs led to. The out-
comes of the policy emerge on the societal level. For instance, introduction of new buses can
lead to a reduction of congestion level on the roads, reduction of the personal car use, etc.
(Segnestam, 2002; Boker, 2005). In this example the reduction of road congestion and a modal
shift are the outcomes of the policy, which can be measured by the outcome indicators. In trans-
port policy case these indicators can be e.g. congestion level, travel speed, travel time, number
of accidents, etc. Monitoring of these indicators together with the output indicators can give an
insight in how a transport system performance has changed since the implementation of the new
policy.

The fifth step of the cycle is policy effect/impact. These are effects/impacts that are created by
policy implementation also on the societal level (Segnestam, 2002; Boker, 2005). In general,
these are long terms policy results, such as air quality improvement, social acceptance, users
satisfaction with a new system etc. Impact indicators are used to monitor these results. In some
cases outcome and impact indicators are merged (Neij & Astrand, 2006).

Since the goal of this research is to evaluate the successfulness of a new policy implementation,
from the description of the policy implementation steps it is apparent that the main focus has to
be put on the evaluation of ‘output’, ‘outcome’ and ‘impact’ steps by applying suitable indica-
tors. The selection of these indicators is discussed in the following section.

4.2.2 Factors for indicator selection

According to Castillo & Pietfield (2009), an indicator can be defined as a quantifiable measure
used to monitor the objective and/or impacts of implemented policy. Indicators provide infor-
mation that can summarise the characteristics of the system, and give an insight in system per-
formance. Segnestam, (2002) reports that there is no universal set of indicators existing that
would be equally applicable for any policy (transport policy in this case) evaluation. Therefore,
for the evaluation of a particular policy it is important to make a selection of suitable indicators,
depending on the goal of evaluation.

Only the determination and analysis of the results of a particular policy implementation will not give an indication
whether this policy was successful or not (Neij & Astrand, 2006). According to Neij & Astrand (2006), the results
obtained have to be compared to so-called reference values, which can be established before implementation of
the new policy. A comparison of system’s functioning before and after policy implementation can reveal whether
a new policy led to improvement of transport system performance (have been successful), whether it failed.

These indicators are used to measure, for instance, number of new busses, km of improved sidewalks, etc.

The effects of the policy functioning can be seen only on the societal level (see the description of the steps four
and five).
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In order to select the most appropriate and representative indicators for policy evaluation, it is
suggested by Castillo & Pietfield, (2009) and Carriker, (1995) to consider several factors. The
main factors to be considered, according to these authors, are the following:

e Measurability: it should be possible to perform quantitative and/or qualitative evaluation of a
particular indicator.

e Accessibility: it should be relatively easy to collect reliable data on a particular indicator or
calculate the value of the indicator using existing accepted methods.

e Understandability: an indicator should represent clear information that is easy to understand
and use for the further policy evaluation. These indicators should be clear not only for policy
makers and policy evaluators, but also for other audience, e.g. stakeholders.

e Comparability: it should be possible to compare the estimated values of indicators after pol-
icy implementation with the past conditions (reference values).

e Reliability: an estimated value of a particular indicator should be identical regardless who
performs data collection and in case when the data collection is repeated.

e Relevance: when evaluating the impacts of policy implementation, indicators have to be se-
lected in such a way, insuring that they are appropriate (relevant) to characterise selected
policy evaluation criteria'.

e Cost effectiveness: before indicator selection it has to be estimated whether information
(data) on this indicator is available and can be obtained with reasonable costs and efforts.

Considering ‘measurability’ factor, selected indicators can be quantitative and/or qualitative.
The quantitative indicators, such as e.g. noise level, number of accidents, are directly measur-
able, obtaining numerical value (e.g. percentage, ratio, number) based on the statistical or/and
reported data in the literature.

Qualitative indicators, on the other hand, are introduced when it is not possible to perform a
quantitative evaluation of policy (e.g., when a level of public satisfaction with the results of new
implemented policy needs to be evaluated). These indicators cannot be directly measured, but
have to be evaluated using a particular scale.'®

Knowing which factors have to be taken into consideration as well as which types of indicators
need to be selected for the evaluation of policy outcomes and impacts, the indicator’ selection
process can be initiated. However, prior to this, it is essential to define the main evaluation crite-
ria'’, which are going to be used for the final evaluation of the transport policy. For the evalua-
tion of one criterion, a set of indicators might need to be selected.

In the following section, first, the selection of the main evaluation criteria for BRT system
evaluation on its successfulness is performed. After the selection of these criteria, a selection of
suitable indicators is performed and discussed.

4.2.3 Selection of main criteria for BRT system evaluation

In order to keep a broad scope of evaluation, which is required under ‘goal-free evaluation’ ap-
proach (see Section 4.1.2), the evaluation of the selected BRT systems is going to be performed
on three main sustainability dimensions (later in the text ‘blocks’), which are environment, soci-
ety and economics (see Table 4.1). The selection of these blocks was made based on literature

See discussion of evaluation criteria in the following section.

Qualitative evaluation, according to Vickerman, (2009) can be performed using a quantitative base of evaluation,
for instance, evaluating large negative and large positive effects of a policy/program/project implemented. This
can be done for instance, by introducing 10 point scale, where 1 represents large negative effects and 10, respec-
tively, large positive effects.

As defined in Paragraph 4.1.2 a particular criterion represent the outcome of the policy and can be evaluated by
the use of a set of indicators.
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study'®. As defined in the introduction of the research, the evaluation of the performance of
BRT system within these blocks'® will reveal, whether BRT system is successful or not. How-
ever, in order to be able to perform this BRT system evaluation on its successfulness, the main
evaluation criteria within each block have to be selected.

These criteria were selected based on an extensive literature study®, and the results of the selec-
tion are represented in Table 4.1.

Table 4.1 Main criteria for the evaluation of BRT system performance/successfulness

Main Main evaluation criteria
blocks

Reduction of local pollution (NOx, PM, CO, SO,)
Reduction of noise level in urban areas
Contribution to CO; reduction
Increased road safety
Equity
Travel convenience
Revenues/costs ratio
Congestion reduction
Creation of new job market

i<

As shown in Table 4.1 each sustainability block contains three main evaluation criteria. BRT
performance within the ‘environmental block’ is going to be evaluated by the use of ‘reduction
of local pollution (NOx, PM, CO, SO,)’, ‘reduction of noise level in urban areas’ and ‘contribu-
tion to CO; reduction’ criteria. The evaluation of these criteria will give the main insight on the
effects of BRT implementation on the environment.

There are several indicators on which the evaluation of each selected criteria is going to be
based. These indicators were selected based on the ‘goal-free evaluation’ approach, taking into
consideration the main factors for indicator selection (see Paragraph 4.2.2) and policy imple-
mentation cycle (Paragraph 4.2.1), which defined the type of indicators to be selected for the
evaluation of policy results®. In a similar way, the selection of all indicators in this research was
performed®. The set of indicators that is going to be applied for evaluation of the main criteria
under environmental block is given in Annex D.

The contribution of the new BRT system to societal benefits is evaluated using the following
main criteria: ‘increased road safety’, ‘equity’ and ‘travel convenience’. These criteria are more
abstract in comparison to criteria under ‘environmental block’ and therefore need to be ex-
plained.

The evaluation of policy on these three dimensions is referred in Campos et al., (2009); Vickerman, (2000) and

Neij & Astrand, (2006).

Whether there are environmental, social and economical benefits from the implementation of the new BRT system

in the city.

0 F arrington, et al.,1993; Talvitis, 2000; The EC, 2007; The EC, 2009; DoT, 2005; Button, 1992; Bouwman & Moll,
2002; Boonekamp, 2005; The EEC, 2004; Bongardt, et al., 2009; Bakker & Huizenga, 2009; Boker, 2005; Vas-
concellos, 2996; Farrington & Ryder, 1993; Linden et al., 2005; The ERF, 2004; Joumard & Nicolas, 2010; Mo-
beroela, 2009; Neij & Astrand, 2006; VTPI, 2010; WBCSD, 2001; and other sources of information which were
not included in the literature list (chapter 13) due to its extensity.

2l The selection of suitable indicators is based on NZMT, (2009) and VTPI, (2010).

2 TIndicators for the evaluation of main criteria under each sustainability block.

24 ECN-0--11-013



‘Road safety’ criterion will be evaluated as: “whether the transportation of city’s inhabitants
became safer in comparison to the situation before the BRT system integration”. There are
two main indicators which are going to be used for the evaluation of this criterion:

— ‘reduction of the amount of road accidents’ (quantitative indicator);

— ‘improvement of travelling conditions for NMT commuters®”. This indicator is qualita-
tive and can be assessed based on the technical data on BRT system™ (e.g. integration of
segregated lane for NMT, construction of new overpasses for pedestrians, etc). This indi-
cator is also applicable for the evaluation of ‘equity’ issue®. The full set of indicators
used for the evaluation of this criterion, as well as for the evaluation of other criteria un-
der this block is included in Annex D.

‘Equity’ criterion is going to be evaluated as: “whether travelling possibilities for low-

income people and disabled people were improved after the BRT system integration in a

transportation system of the city”, by using indicators such as ‘travel costs’ and ‘improve-

ment of travelling conditions for NMT commuters and physically disabled people’ (see An-

nex D).

‘Travel convenience’ criterion is going to be evaluated as: “whether travelling with the new

BRT system became more convenient for commuters, in comparison to a bus service before

BRT integration”. The following main indicators will be used for this evaluation: ‘accessibil-

ity and reliability of the public transport service’, ‘travel comfort’””, ‘reduction of travel

time’ and ‘modal shift’. The full list of indicators applied for the evaluation of ‘travel con-

venience’ criterion is shown in Annex D.

BRT performance within the ‘economical block’ is going to be evaluated by the use of three
main evaluation criteria: ‘revenue/cost ratio’, ‘congestion reduction’ and ‘creation of a new job
market’.

‘Revenue/cost ratio’ is a criterion which will be determined as: “undiscounted annual reve-
nues from system performance divided by the total investment costs”. Operational costs will
not be taken into consideration in this calculation. As a final result, the pay-back time of the
BRT system will be determined, which later will be compared to the pay-back times of the
other public transport modes in the city (e.g. metro) and among all BRT systems evaluated in
this research.

‘Congestion reduction’ criterion evaluation will be based on the main quantitative indicator,
respectively, ‘traffic speed™ . However, indicators such as ‘modal shift’ and ‘travel time sav-
ing for bus commuters’, which are used for the evaluation of other criteria (see ‘travel con-
venience’), are also going to be taken into consideration while the evaluation of ‘congestion

23

24

25

26

27

28

This definition for ‘road safety’ evaluation as well as for the evaluation of the following criteria was given by the
author of this research. Here it has to be mentioned that safety improvement will be assessed only on the new BRT
corridor and not in the entire city.

According to the literature study performed, NMT commuters are the most vulnerable group, which in general
accounts for the highest percentage of road accidents in comparison to commuters who use the other mode of
transportation (Badami, 2007). Therefore, high attention has to be paid to NMT commuters (concluded by the au-
thor of the research).

The scale for the assessment of most selected qualitative indicator is given in Annex D. In case the scale is not
indicated, ‘improved / no changes / deteriorated’ scale is applied.

Even though ‘road safety’ and ‘equity’ are different evaluation criteria, improvement of road conditions for NMT
transportation is contributing to both of these criteria. However, it is not the only indicator that is going to be taken
into consideration while the evaluation. Therefore it is expected that the overlap between ‘road safety’ and ‘eq-
uity’ evaluation will be minimal. This also concerns other criteria, which evaluation involves the use of one par-
ticular indicator.

‘Accessibility and reliability of the public transport service’, and ‘travel comfort’ are one of the main indicators
which also can be applied for the evaluation of ‘public acceptance’ with the service. Therefore, by the use of these
indicators, ‘public acceptance’ will be indirectly evaluated under the ‘travel convenience’ criterion. The indicators
mentioned have a qualitative nature, however they can be assessed by the use of technical data on BRT system
performance. The scale as shown in Annex D is applied for the evaluation of these indicators.

This indicator consists mainly out of two parts, respectively ‘speed of public bus transit’ and ‘speed for private
motorized vehicles’. Considering the fact, that in developing Asian countries public transit is used by the majority
of the population (see Chapter 5), more attention will be paid specifically to ‘public transit speed’ change after
BRT integration, rather than to the speed change of private vehicles.
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reduction’. In order to determine factors that facilitated/impeded congestion reduction on
BRT corridors, the analysis of technical data® on BRT system will be performed.

Potentially, congestion reduction, which leads to travel time savings, can be expressed in a
monetary unit. This was one of the main reasons to include this criterion under the ‘eco-
nomical block’. However, in this research this conversion to the monetary unit will not be
performed, since it requires the application of different policy valuation approach, namely,
‘cost-benefit analysis’. This approach, though, was not selected for the performance of this
research.

e ‘Creation of a new job market’. Based on the literature study performed, it was decided to
include this criterion into the general BRT system evaluation. Creation of new job market, as
one of the outcomes of the BRT policy implementation, can potentially increases the level of
employment in the country, in this way contributing to the countries’ economical develop-
ment. The number of new job places created will be used as an indicator for the evaluation of
this criterion.

‘Policy transferability potential’ was selected as the last criterion for BRT evaluation. This cri-
terion could not be included under the main sustainability blocks (see Table 4.1), as it provides
different type of information. As reported in Macario and Marques (2008), “the successful im-
plementation of a transportation measure or of a package of measures at a given city should
provide grounds for potential transfer to other cities, if the right conditions are met”. That is
why this criterion is not used for the evaluation of how successful was a particular policy, but
for the evaluation of how easy is it to transfer a particular policy from one country to another,
ensuring similar results.

Within this research, the potential of BRT policy transfer will be determined. Base on the fact
that an extensive study on transport policy transferability was performed by Macario and
Marques (2008), the results of his study will be used and applied within the current research.

According to Macario and Marques (2008), BRT systems are placed under those measures that:
“can typically be undertaken under current common circumstances, but still need careful atten-
tion in terms of adequate local conditions, and still require particular attention to supportive
packaging”. Based on this, ‘policy transferability potential’ for BRT system is assessed as
‘moderate’*' and this result is applicable for all BRT systems evaluated in this research®.

As mentioned before, in order to evaluate changes in the transportation system caused by the
integration of the new BRT policy, it is important to define technical data/characteristics of gen-
eral transport system performance before BRT policy implementation®. For this, several indica-
tors, so-called ‘contextual factors,” for data collection are going to be used. These data will be
used as a reference point a comparison of system’s functioning after BRT policy implementa-
tion. The set of these ‘contextual factors’, which is going to be used for the data collection, is
given in Annex D.

® The use of similar indicators for the evaluation of different criteria cannot be prevented, as the selected indicators

sometimes are strongly interconnected.

For instance, location and distance of the stations, width of the bus lane and ‘mixed traffic lane’, functioning of the
traffic light system, etc.

The explanation and discussion on the evaluation scale applied is presented in the following paragraph 4.2.4.

BRT systems were introduced in all Asian cities evaluated in this research, which already indicates on the possi-
bility of this policy transferability, however the success of the performance of BRT systems depended to a large
extent on the local circumstances, planning and support from government and international organisations (dis-
cussed in Chapter 9).

For instance, data on transport modal share, average speed on city’s main roads, etc.
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Technical data on BRT system itself is also useful information, which can be used for explana-
tion of transport system’s functioning after the BRT system integration in it**. The set of indica-
tors, which will be used for a collection of technical data on BRT system, is shown in Annex D.

4.2.4 Evaluation performance of the selected criteria

The evaluation of policy effects on social, economical and environmental blocks has to be per-
formed separately and independently from each other (Vickerman, 2000). The reason for this is
to prevent the compensation of negative policy effects in one block with positive effects from
the other block. In this way, a transparent policy evaluation can be ensured (Vickerman, 2010).
Based on this, in this research the evaluation of BRT system performance within each sustain-
ability blocks is going to be performed independently. In order to ensure even more transparent
evaluation, the evaluation results of the main criteria under one particular block are going to be
discussed separately™. Applying this approach, a general “picture’ of BRT performance within
each sustainability block will be created.

Evaluation of all selected criteria is going to be performed, applying a qualitative evaluation
scale: ‘high-moderate-low’. In order to increase readability, ‘high-moderate-low’ scale will also
be given three colours, respectively, green, yellow and red.

¢ In case the evaluation of a particular criterion (based on the selected indicator set) will indi-
cate a significant improvement, as a result of a new BRT operation, this criterion will be
evaluated as ‘high>**. Whether this contribution is significant is assessed based on data from
literature analysis. Next to it, the indication of the certainty of this evaluation result is going
to be given.

e When the evaluation of a particular criterion reveals small positive changes in the system
caused by the BRT system operation, this particular criterion will be evaluated as ‘moder-
ate’. This would mean that BRT system performance showed a ‘moderate’ contribution to
benefits in this particular evaluation field. Whether the changes in the transport system func-
tioning after BRT implementation are small will be assessed based on data from literature
analysis. The certainty of this evaluation will also be indicated.

e If the evaluation of BRT system on a particular criterion shows that there were no changes
made in the performance of the entire transportation system due to the implementation of the
new BRT system, or this performance has worsened, the evaluation mark ‘low’ will be ap-
plied for this particular criterion.

In case no data on the selected indicators can be found in the literature while performing evalua-
tion of a particular criterion and/or no judgment can be made”’, this criterion has to be left un-
evaluated (marked as ‘n/a’ and white colour). This limitation is applicable for all selected
evaluation criteria.

The BRT system will be considered successful, when no ‘low/red’ evaluation mark is applied to
any of the evaluation criteria and when more than 50% of the criteria are evaluated as ‘high™**.

In order to make the results of evaluation more robust, the certainty of evaluation will be indi-
cated. The certainty of the evaluation will depend on two main factors: 1) data availability,

3* For example, congestion level on the roads where BRT system was integrated could have increased in comparison

to the congestion level before BRT integration. This phenomenon can be explained only if knowing that there was
no road space widening when construction of a segregated bus lane on BRT corridor, meaning that currently there
is less road space available for the mixed traffic than before.

This way of result’s representation will give an option to track back the evaluation of each particular criterion to
its information sources, ensuring a high level of transparency.

‘High’ - meaning a high contribution of BRT system to this particular field of evaluation, e.g. reduction of the lo-
cal air pollution.

For instance, which evaluation mark is applicable for a particular criterion?

At least five criteria out of nine have to receive ‘high’ evaluation mark.
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which can be high or low, and 2) whether the agreement of these data® is high/low. This evalua-

tion is going to be integrated in the overall BRT system performance evaluation table and the

‘level of certainty’ is going to be indicated next to the final evaluation result:

e [f data primarily required for the evaluation of a particular criterion is available in three or
more literature sources, it will be evaluated as ‘high data availability’ (HD), otherwise - ‘low
data availability’ (LD).

o If the information is consistent in 70% of the sources where it is found (at least in two
sources), this will be considered as ‘high agreement’ (HA), otherwise - ‘low agreement’
(LA).

The limitation of three information sources was selected considering general poor data availabil-
ity™ on BRT systems in Asia, as concluded from the literature study performed*'.

The evaluation of each BRT system on its successfulness is going to be carried out within the
theoretical framework defined in Section 4.1 and applying a new evaluation methodology, as
discussed in the Section 4.3. This following section of the report gives an overview of the main
steps for the conduction of each BRT case studies.

% Whether the authors of several information sources agree upon each other’s data.
4 For instance, case studies, evaluation report, monitoring data, etc.
41 As it will be discussed later, data availability is the main concern and obstacle of this research.
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4.3 The basic steps in BRT case study conduction

In Chapter 2, the general
methodology of the re-
search was presented,
which gave the main in-
sight in how the entire
research is going to be
conducted. This section,
on the other hand, gives
more detailed explana-
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_________________________________________________________

Figure 4.2 The basic steps in BRT case study conduction

As the first step, the transportation system of the selected city is described (applying the set of
contextual factors as discussed in Paragraph 4.2.3) and the main reasons for the integration of
BRT system are defined. Then, the main characteristics of the new BRT system are given,
which will be used in the ‘evaluation & analysis’ part for explanation of the evaluation results.
Within this step, special attention is paid to the characteristics of the 1* BRT corridor. The posi-
tive and negative aspects of 1 BRT corridor operation are identified. The identification of these
aspects is an important step in this research for two reasons. First, knowledge of strengths and
weaknesses of the 1 BRT corridor operation is useful when evaluating the performance of the
entire BRT system, as it can be seen which lessons were learned from the 1* corridor operation
(what was changed/improved or kept identical when constructing the next BRT corridors). Sec-
ond, the initial implementation stage of i.e. Beijing’s BRT system (operation of the 1* corridor)
can be compared to the initial stage of implementation of the other BRT systems, revealing the
best practices and main constraints of these systems, in this way drawing lessons for planning
and implementation of BRT in the future. The comparison of three Asian BRT systems men-
tioned is going to be made and discussed in Chapter 9 of the research.
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Evaluation of the currently operating BRT system is going to be performed applying the new
developed evaluation methodology, as discussed in Paragraphs 4.2.3 and 4.2.4. Each of the
evaluation results will be discussed directly after the evaluation. Therefore, these two steps are
going to be merged. The behavioural theories (see Chapter 3) together with BRT system’s tech-
nical data are going to be applied for the result analysis. As the last step in BRT case study per-
formance, the ‘success factors’ which facilitated a successful operation of BRT system are go-
ing to be determined. In case the performance of the BRT system was not successful, the factors
that impeded the ‘success’ are going to be defined. These factors will be summarised from the
literatures study.
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Total passenger travel [bil plm)

5. Selection of the case studies

This research is focused on the evaluation of transport policies, particularly BRT, in Asia. Most
of Asian countries can be characterised as ‘developing’ and, therefore, they have some common
characteristics (wiki, 2010). In this chapter, first, a general insight in transport sector in develop-
ing courtiers will be given. This information will be used as a base for the further analysis of
transportation patterns in each of the selected countries, as well as for the conduction of the se-
lected BRT case studies.

Next, the concept of BRT system will be introduced in this chapter and a selection of the BRT
case studies will be described.

5.1 Main characteristics of transportation in developing countries

Reliable access to roads, lack of transport services in rural areas, road safety, urban road conges-
tion, poor air quality and a high level of GHG emissions are major problems related to the
transport sector in developing countries (The WBG, 2008). In general, developing countries do
not possess enough resources (time and money) to cope with high motorisation rates, e.g. to im-
prove/build new infrastructure in order to accommodate a fast growing amount of motorised ve-
hicles. According to WBCSB (2001), “the developing cities house and transport too many peo-
ple on insufficient numbers of poor maintained roads and rails, and generally lack the money
and institutional vigour to fix the problems”. The private car ownership is constantly rising in
the developing countries, highly contributing to such problems as congestion and air pollution,
while public transportation services are deteriorating. This increase in private vehicle owner-
ship, according to Wright & Fulton (2005), has also a strong correlation with per-capita income
(the higher the income, the more affordable it becomes to have a car), however, social status is
also an important issue to consider (see discussion in Chapter 3). It is predicted, that by the year
2050, the absolute number of private vehicles and the level of their use in the developing world
will surpass these indicators in OECD region (Organisation for Economic Co-operation and De-
velopment), see Figure 5.1. On the other hand, the car ownership per capita as well as the
amount of travel (in general) per capita in developing countries will still be much lower than in
OECD countries (see Figure 5.2).
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Figure 5.1 Total passenger travel in OECD and Non-OECD
countries with projection for 2050 (IEA, 2009).
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According to IEA, (2009), two-wheelers and three-wheelers are still the dominant modes of
transportation in such developing countries as China, India and Indonesia*.

An older vehicle fleet in the combination with a low vehicle’s maintenance level and a limited
vehicle technical control, which are common issues in the developing countries, indicate that the
impacts of motorisation in developing world are worse in comparison to a developed world
(Wright & Futon, 2005). Besides the increase in the local emission level, transport-related car-
bon dioxide emissions are also rapidly increasing in a developing world and it is predicted that
in about a decade it will surpass transportation related CO; emissions in the developed coun-
tries, if the present motorisation trend continues. Considering motorisation and urbanisation of
developing countries, road safety is also an important issue to mention. According to WBCSD
(2001), “deaths and injuries from transport-related accident in developing countries occur at
substantially higher rates than in the developed world”.

While the use of private vehicles in the developing countries is growing, the use of public transit
in the world, in general, is steadily decreasing (Wright & Fulton, 2005). General dissatisfaction
with the quality of public transport services in the developing countries, which usually is slow,
unsafe, uncomfortable, etc., have contributed to a steady decline and loss of public transit mode
share (see Table 5.1).

Table 5.1 Changes in modal share of public transport in selected cities

FPublic transport as FPublic transportas

a percentage of a percentage of
City Earlier year motorized trips Later year motorized trips
Bangkok 1570 53 1990 34
Buenos Aires 1993 40 1999 33
Kuala Lumpur 1985 34 1997 19
Mexico City 1984 80 1994 72
Moscow 1990 &7 1997 83
Sao Paulo 1977 4r 1997 33
Seoul 1970 &7 1992 61
Tokyo 1970 &5 1990 45
Shanghai 1986 2 1995 15
Warsaw 1987 a0 1998 53

Source: Wright & Fulton, 2005.

From this table can be seen that over about 20 years, since 1970, the public transport mode
share in the selected cities has significantly declined. However, even if this decline is observed
around the world, in developing countries the majority of people with low income cannot afford
private cars, and therefore the use of public transportation remains their primary motorised mo-
bility. From this perspective, even though the loss of public transport mode share is observed, in
developing countries public transportation remains one of the most important transportation
mode, which is struggling to keep up with a growing demand (WBCSD, 2001).

Besides the deterioration of public transport, the NMT (cycling and walking) infrastructure in
the developing countries is generally of the poor quality. Walking and cycling is dominant in
poor parts of the developing world. According to WBCSD (2001), walking is the major way
transportation among the poorest city residents in Africa, Asia and Latin America. Even though
the ownership of private cars in general is rising, a majority of poor citizens cannot afford mo-
torised transport (even to public transport).

42 The evaluation of BRT system was selected in these countries (see section 5.4) and, therefore, this fact an impor-
tant factor to consider.
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Notwithstanding the rapid growth of personal vehicle ownership, most developing countries still
have the basis for a more sustainable future (Wright & Fulton, 2005). As it was discussed be-
fore, public transport and NMT remains a dominant share of travel, especially in the poor re-
gions. However, the quality of these modes is often poor, regarding the aspects of security,
comport, convenience and prestige. Difficult conditions for walking and cycling with the com-
bination of unreliable and inadequate public transportation could be a strong motivation for de-
veloping-city citizens to move towards the use of private motorised vehicle, as soon as it is be-
comes economically viable. Therefore, the main focus for more efficient and sustainable trans-
port future in developing countries has to be on a preservation and improvement of existing
public transport and NMT services (Wright & Fulton, 2005). One of the options for this im-
provement can be an introduction of ‘innovative high-quality bus systems’, so-called Bus Rapid
Transit (BRT), in combination with several support measures, including e.g. new (renovated)
infrastructure for NMT transport and car-restriction measures (IEA, 2009; Wright & Fulton,
2005). The use of BRT in developing countries is discussed in the following section.

5.2 General description of BRT system

Promotion of the use of public transportation is one of the core measures for improvement and
structuring the urban mobility, as well as for reduction of the local and global pollutants (Caldes
et al.,, 2007). In the vast majority of developing counties, according to Wright (2005), public
transit is “the only practical means to access employment, education and public services”, espe-
cially when these services are located beyond walking distance.

Bus Rapid Transit system is a concept of public transportation, which offers the opportunity for
developing cities to create a high-quality mass transit system at an affordable costs (Wright,
2005). Bus Rapid Transit (BRT), is “a bus-based mass transit system that delivers fast, comfort-
able, and cost-effective urban mobility” (Wright, 2005). In the core of its operation are the seg-
regated bus lanes™® that set a priority for a rapid movement of buses over other types of vehicles.
BRT can be seen as a system that incorporates the infrastructure (bus lanes, station, terminals,
and buses) with its organised operation, in order to provide a higher quality service than a tradi-
tional bus system and to attract travellers, who would otherwise drive personal cars on con-
gested urban roads (Caldes, et al., 2007). At present, according to VTPI (2010), BRT systems
are also considered as a more affordable alternative to a rail-based system, such as metro or
light rail (discussed later in this section).

With regards to the core components of a BRT, Wright (2005) states that the most important
ones are:

e Exclusive right-of-way lanes.

e Rapid boarding.

e Enclosed stations that are safe and comfortable.

e (lean vehicle technologies (rubber-tired vehicles that are easy to board and comfortable to
ride).

Excellence in marketing and customer service (high-frequency, all-day service, shorter wait-
ing times).

Pre-board fare collection and fare verification, ensuring faster service.

Clear route maps, signage, and real-time information displays.

Automatic vehicle location technology to manage vehicle movements.

Free transfers between lines.

4 Citation from Wright (2005): “Bus lanes are street surfaces reserved primarily for public transport vehicles on a

permanent basis or specific hourly schedule. Bus lanes are not physically segregated from other lanes. While the
lanes may be painted, demarcated, and sign-posted, changing lanes is still feasible. In some cases, bus lanes may
be shared with high-occupancy vehicles, taxis, and/or mom-motorised vehicles. Bus lanes may also be open to
private vehicle usage near turning points”.
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The extent to which the above mentioned characteristics are actually utilised within the system
will determine the local circumstances, where BRT is integrated. In small and medium-sized cit-
ies, according to Wright (2005), it might be the case that not all of these features are feasible to
achieve due to costs and capacity constraints.

Compared to other public transfer alternatives, such as light rail/metro, the most attractive fea-

tures of BRT are:

e Low infrastructure costs, high operational capacity and compatible operational speed (see
Table 5.2).

e Ability to be implemented within a short time period (1-3 years after conception).

e Flexible and scalable nature of BRT infrastructure, meaning that the system can be cost-
effectively adapted to a range of city conditions (Caldes at al., 2007). BRT system can also
be implemented as a supplement to a rail system (light rail/heavy rail) and function as a
feeder service, or, it can also be a first stage for an eventual rail transit line (Wright, 2005;
Zheng & Jiaqing, 2007).

Table 5.2 Comparison of mass transit options

BRT LRT * Metro®
15-30 (at grade)
Initial costs (million$/km) 1-8 10-30 30-75 (elevated)
60-180 (underground)
Operational capacity (passen- 15,000-35,000  10,000-20,000 up to 60,000
gers/hour/direction)
Speed (km/h) 15-25 15-25 30-40

Source: IEA, 2000.

Since the integration of BRT system in the city requires the restructuring of road’s geometry,
reserving a segregated lane specifically for bus transit, this simultaneously provides an opportu-
nity to improve the infrastructure for NMT transportation. Segregated lanes for bicycles and pe-
destrian sidewalks on BRT corridors can significantly enlarge transportation opportunities for
low-income population or people who travel for short distances, ensuring that all-income groups
have rights and access for transportation*® (DIMTS, 2008).

Beside these features, when properly designed and implemented, a successful BRT system con-
tributes to the following objectives (Caldes at el., 2007):

e Decrease passenger’s trip length.

Decrease traffic congestion.

Decrease local pollution.

Optimise the existing transport modes in the area (e.g. metro).

Improve life quality of the society.

However, the exact characteristics of each BRT strongly depend on the local conditions and
limitations, availability of resources and environment where the system is been operated
(Wright, 2005; Caldes et al., 2007). On one hand, it might seem that large buses with high occu-
pancy can displace a high number of small vehicles (e.g. for every day commuting), potentially
reducing both congestion and local emissions. However, on the other hand, if buses are strongly
polluting and/or are under-occupied, then the impact on emissions or congestion or both could

“ Citation: “Light rail or light rail transit (LRT) is a form of urban rail public transportation that generally has a
lower capacity and lower speed than heavy rail and metro systems, but higher capacity and higher speed than tra-
ditional street-running tram systems” (wiki, 2010).

4 Metros include subway and heavy rail transit (elevated and at grade). At grade’ means ‘at the ground level. (IEA,
2010).

4 In this research, integration of a special NMT infrastructure (or its improvement) on BRT corridors will be consid-
ered as a contribution to social ‘equity’ (see sections 4.2, 6.3, 7.3 and 8.3).
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even be negative. Therefore, the achievement of a clean, efficient, attractive and affordable pub-
lic transportation system can only rely on the implementation of a proper integrated transporta-
tion policy (Caldes et al., 2007). This may require a change in transportation planning and
roadway management practices, for example, giving busses a priority in the traffic, as well as a
change in transit regulations and urban design, e.g. increase of city’s development near BRT
routes (VTPI, 2010).

5.3 History of BRT

The history of BRT comprises the variety of previous efforts to improve the transit conditions
and experience for the customer. The first wide-scale development of the BRT concept occurred
with the development of the ‘surface subway’ system in Curitiba (Brazil) in 1974 (Wright,
2005). The city initially planned to construct a rail-based metro system; however, a lack of suf-
ficient funding finally resulted in the implementation of a more creative approach. That time
Curitiba began a process of developing busway corridor originating from the city centre, instead
of metro lines. Today the modernistic Curitiba’s busway system with ‘tubed’ stations and 270-
passenger bi-articulated buses® represent a world example of BRT (see Figure 5.3), (Wright,
2005).

Figure 5.2 BRT system of Curitiba with modernistic ‘tubed’ stations and bi-articulated busses
Source: Wright, 2005.

In the mid 1970’s, other BRT applications were developed in cities of North and South Amer-
ica. However, the overall replication of the BRT concept that time was rather slow. Only in the
late 1990s, the BRT concept became more widely known. It was launched in Bogota (Colom-
bia) and Los Angeles (United States), based on the Curitiba example. The potential of BRT as a
high-quality and low-cost mass transit option was also recognised by OECD nations such as
Australia, Canada, France, Germany, Japan, the United Kingdom, and the United States. The
transfer of BRT technology from Latin America to OECD nations has made BRT one of the
most famous examples of technology transfer from the developing to the developed world.

5.4 General insight in selected countries and cities

In this research, three developing countries in Asia were selected for the evaluation of their BRT
systems, respectively, Indonesia, India and China. All these countries have two main common
characteristics, such as being rapidly developing and located in Asia. Contextual factors (gen-
eral characteristics) of these countries are summarised in Table 5.3 and later discussed in the
text.

47 A bi-articulated bus is an extension of an articulated bus (bus that can bend in the middle, also known as a ‘tandem
bus’), having three passenger compartment sections instead of two. For this reason, these buses have the addition
of an extra axle. Due to the extended length, bi-articulated buses are mainly used on high frequency core routes or
bus rapid transit schemes instead of conventional bus routes (Wiki, 2010).
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There are currently 20 BRT systems operating in Asia and about 50 are planned to be con-
structed (Hidalgo, 2009). Since this research is focused on ex-post evaluation, only BRT sys-
tems which are in operation were considered. In Indonesia, these is only one system in opera-
tion, which is Jakarta BRT* (Hidalgo, 2009, TransJakarta, 2010). In India there are two BRT
systems in operation (Hidalgo, 2009) and from those two systems Delhi BRT was selected.
Delhi BRT, as well as TransJakarta, is located in the capital of the country and, as a preliminary
literature study showed, it represents an interesting case for the research. In China there are cur-
rently 8 BRT systems in operation (Hidalgo, 2009), however, as in the other selected countries,
BRT system in the capital of the country was chosen, respectively, Beijing BRT. From all BRT
systems existing in Asia, the selected BRT systems are in operation for the longest time pe-
riod”. In this way, TransJakarta, Delhi BRT and Beijing BRT represent the three case studies
which are going to be conducted in this research (see Chapter 6, 7 and 8).

Tabel 5.3 General characteristics of the selected countries

Country name Indonesia India China
Population, total (million) 240 1,185 1,338
Population density, persons/km” 119.8 359.2 139.6
Evaluated region/country size, km’ 1,904,570 3,287,260 9,640,820
Urban/rural population, % 52 29 43
GDP/capita (level of economic devel-

opment), $(PPP)/capita 4,000 3,100 6,567
GDP growth rate, % (annual) 4.5 6.5 8.7
Population below poverty line, % 17.8 25 2.8
Continent/region South-eastern Asia ~ Southern Asia Eastern Asia
Human development index 73.4 61.2 77.2
Gini index™ 343 36.8 47

Source: wiki, 2010.

The selection of target countries, as indicated in Table 5.3, was made from the perspective, that,
since being located in one region, these countries might have more similarities rather than de-
veloping countries located around the world. Therefore, BRT systems operating in Indonesia,
India and China might have more in common. Each of the selected countries is going to be
shortly described as follows.

The People’s Republic of China, commonly known as China, is the most populous country in
the world with over 1.33 billion people and the world’s fastest growing major economy, see Ta-
ble 5.3 (Darido, 2006, The WF, 2010). Since market-based economic reforms, which were in-
troduced in 1978°!, China is characterised with a remarkable economical growth and high level
of industrialisation. Main problems in China are: rapidly aging population due to the one-child
policy™, a rural-urban income gap and environmental degradation due to a high level of urbani-
sation and motorisation (Darido, 2006).

4 Official name of Jakarta BRT is ‘TransJakarta® (Gobrt, 2007), see Section 6.2.

% Data availability was the second concern for the selection of the case studies.

0 A low Gini coefficient indicates a more equal distribution, with 0 corresponding to complete equality, while
higher Gini coefficients indicate more unequal distribution, with 1 corresponding to complete inequality (wiki,
2010).

During the past 30 years, China’s economy has changed from a centrally planned system (largely closed to inter-
national trade) to a market-oriented economy with rapidly growing private sector (Darido, 2006). Reforms started
in 1978 with the phasing out of collectivised agriculture. During the time these reforms have expanded to include:
“the gradual liberalization of prices, fiscal decentralization, increased autonomy for state enterprises, the founda-
tion of a diversified banking system, the development of stock markets, the rapid growth of the non-state sector,
and the opening to foreign trade and investment” (ReportLinker, 2010).

One-child policy is a measure for population control in China. It is also known as a family planning policy. The
policy was introduced in 1978 and it restricts a married urban couple to have more than one child. In several cases
exemptions are allows, including rural couples, ethnic minorities and parents without any siblings (wiki, 2010).
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India is developing, the second most populous country in the world, and has about 35 cities with
a population of more than 1 million (FAI, 2010). Total population of India, which is also known
as a largest democracy in the world, accounts for 1.18 billion people (wiki, 2010). Economic
reforms since the beginning of 1990s have transformed this country into one of the fastest grow-
ing economies™; however, it is still characterised with high poverty, illiteracy, corruption and
malnutrition.

Indonesia is a the world’s fourth most populous country, with a population of around 240 mil-
lion people (see Table 5.4). The country comprises 17,500 islands and it was under Dutch colo-
nialism for three and a half centuries, which facilitated a continuous economical development
(wiki, 2010; Cybriwsky & Ford, 2001). Indonesia still faces such problems as poverty, unequal
resource distribution among regions, unemployment, inadequate infrastructure, corruption and
high level of motorisation (wiki, 2010; MWH, 2005; Rol, 2008).

During the analysis of the selected countries, the following common characteristics were identi-
fied: large amount of population, large country size, high GDP growth rate, similar HDI index
(see Table 5.3) and the fact that all these countries experienced economic crises and reforms.
However, besides common characteristics, there are also major differences among those coun-
tries, respectively, different political regime and different religion. The latter two factors have a
significant influence on people’s life style, their social values and behaviour.

Besides the selected countries itself, it is important to take a look on the cities with BRT sys-

tems, which are going to be evaluated in this research. The main contextual data on these cities
are summarised in Table 5.4.

Table 5.4 Main characteristics of the cities with the selected BRT systems

Jakarta Delhi Beijing
metropolitan area
(Indonesia) (India) (China)
Population, total [million] 8.8 12.6 10.1
Population density [thousand persons/km’] 12.9 11.5 7.4
Evaluated region size [km’] 740.3 1,485 1,368

From Table 5.4 can be seen that the selected cities are similar contextual-wise. For this reason,
the influence of city’s contextual factors on the performance of the selected BRT systems will
be eliminated™.

However, the performance of the new BRT systems is dependent not only on the contextual fac-
tors of the city where it is implemented, but mainly on the general performance of transport sys-
tem in this city (concludes based on the literature study). Common characteristics of transport
systems in developing countries were discussed in Section 5.1. However, it has to be mentioned
that the performance of transport system in a particular city mainly depends on the local condi-
tions and therefore, in each case study it needs to be analysed separately. The organisation and
functioning of transport systems in each selected city will help to understand the functioning of
the new BRT systems, and explain the evaluation results.

53 Citation from The WF, (2010): “Economic liberalization, including reduced controls on foreign trade and invest-

ment, began in the early 1990s and has served to accelerate the country's growth, which has averaged more than
7% per year since 1997. India's diverse economy encompasses traditional village farming, modern agriculture,
handicrafts, a wide range of modern industries, and a multitude of services. Slightly more than half of the work
force is in agriculture, but services are the major source of economic growth”.

Country contextual factors are important when evaluating transferability potential of a particular policy. In this
research, BRT transferability in those countries was already defined, based on Macario & Marques (2008) study
(see paragraph 4.2.3).
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In the following chapters of the report, the selected BRT case studies will be conducted accord-
ing to the scheme as discussed in Section 4.3.

38 ECN-0--11-013



6. TransJakarta BRT case study

6.1 General insight and characteristics of the urban transportation sys-
tem in Jakarta

Jakarta is the largest and most populous city of Indonesia with a population about 8.5 million
people. The general data on Jakarta are presented and discussed in Section 5.4. As all large cit-
ies in Asia, Jakarta is strained by transportation problems. The rapid population growth and in-
creasing numbers of motor vehicles resulted in a high congestion level on Jakarta’s roads, ac-
companied by air pollution and noise problems. It is estimated that in Indonesia the transporta-
tion sector contributes to about 80% of air pollution; remaining 20% are contributed by other
sectors, such as industry, forestry and domestic activities (MWH, 2005).

According to Dalkmann (2010), over the last five years, the number of motorised vehicles in Ja-
karta was growing at a pace of about 9% per annum. Currently there are more than 9.6 million
motorised vehicles registered in Jakarta (DPMJ, 2008); 91% of these vehicles are private (about
23% of these vehicles are private cars and the rest 77% are two-wheelers and scooters; DPMJ,
2008), serving in general about 44% of all trips. Only 3% of all motorised vehicles in the city
are public transport vehicles, serving about 56% of all trips™ and the rest 6% of motorised vehi-
cles in Jakarta are trucks (Dalkmann, 2010; DPMJ, 2008). These numbers indicate that public
transport (bus; there are no rail-based systems yet) remains the main motorised transportation
mode for a majority of Jakarta’s inhabitants (mainly these are people with low/medium income
level), (Abubakar, 2008). Considering NMT transportation, on this transportation mode mainly
rely low-income population of Jakarta. According to Ernst (2009), NMT trips account for 53%
from all trips made by people of this income group. Due to a high and constantly increasing
amount of motorised vehicles on the roads and low roads’ capacity, a significant speed reduc-
tion, from 38km/h in 1995 to 17km/h in 2007, was registered on the roads of Jakarta (Rol,
2008). According to Cybriwsky & Ford (2001), several road-building projects for accommoda-
tion of a fast growing number of motorised vehicles, such as a construction of new freeways,
ring roads and flyovers, failed to keep the pace with growing demand and were congested as
soon as they were opened™®. While giving a lot of attention to the private vehicles’ sector and
constructing the new road infrastructure, public transport sector in Jakarta was left without addi-
tional attention.

Before the integration of BRT, Jakarta’s public transport system was characterised as inade-
quate in terms of fleet size and service quality (ADB, 2001; GENUS, 2009). Almost 90% of
buses registered in Jakarta were operating with an average load factor of 130% (ADB, 2002)
and only a limited number of buses were air-conditioned. Most of the buses in Jakarta were
owned by private companies (private sector) and bus drivers could hire a vehicle from these
companies on a daily basis. For this, drivers had to pay a fixed rate which didn’t include fuel,
vehicle operating and maintenance costs. Such a system has resulted in irresponsible drivers
who were competing with each other to carry as many passengers as possible’’ without a con-
cern for passengers’ safety and comfort, creating overloading of the buses and dangerous driv-
ing pattern (e.g. loading and unloading passengers in the middle of the road), (ADB, 2002; Su-
tomo, 2006, Rol, 2008). Buses were not leaving stations until they were filled up with passen-
gers, service schedules were not respected, causing long waiting time for passengers. In general,
buses operating on Jakarta’s roads were poor-maintained, since bus drivers themselves were not

55 Data on NMT was not included in this modal split.

56 Even though new roads were constructed, in general it was poorly developed in the city. Insufficient capacity on
the secondary roads, which are serving the main arterial roads, was one of the main factors exacerbating the traffic
congestion (The UNU, 1996).

57" The amount of passengers was determining the income of bus drivers (ADB, 2002; Sutomo, 2006; Rol, 2008).
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willing to invest into vehicle’s maintenance™ and there was not much incentive for the mainte-
nance from the operator side (private companies). After the economical crisis in Indonesia (late
1990s), this situation became worse, since the revenues from bus operation could not cope with
increasing service costs (Sutomo, 2006). Due to this, as Sutomo (2006) reports, the availability
of buses reduced for 40%, making public transit more inconvenient and unattractive transporta-
tion mode.

In the city centre of Jakarta there is no such a transportation mode as metro existing, as it is in
the other Asian cities analysed in this research (i.e. Beijing and Delhi), which makes bus transit
the main means of public transport in Jakarta (Soehodo, 2010). However, poor service quality,
unsafe and unreliable bus operation drove people towards private vehicle ownership™, in such a
way contributing to higher congestion level and air pollution problems in the city. In order to
cope with the problems mentioned, a so-called “Transportation Masterplan’ was developed for
Jakarta and its surrounding suburbs by several stakeholders in Jakarta, which consisted out of
number of measures, including the three core aspects. As Dalkmann (2010) report, these three
aspects were: “(1) public transport development, including MRT/subways, LRT/monorail,
BRT/busways and waterways; (2) traffic restraint, including high occupancy vehicle zoning (3-
in-1 policy®), road pricing and parking restraint; (3) network capacity improvement, including
road parking optimisation, promotion of NMT and integration of signalling/intelligent transport
system”.

As one of the elements of the ‘Transportation Masterplan’, Jakarta began the improvement of its
transportation system by designing the BRT system®'. The decision to introduce BRT system in
Jakarta was made in 2001 by Jakarta’s Governor Sutiyoso (Matsumoto, 2007), who was re-
elected partly because of the promise to implement BRT plan into a reality (see Section 6.4).
Characteristics and technical details of this system are going to be discussed in the following
section.

6.2 TransJakarta BRT 1 corridor
characteristics

TransJakarta is the official name of Jakarta BRT system,
which is the first BRT system in Indonesia. It was built with
the objective of providing a fast, comfortable and affordable
public transportation system for Jakarta’s inhabitants (Gobrt,
2007).

The system currently has 8 corridors in operation and it is
planned to have 10 corridors (out of 15 planned) at the end of
2010 (Jakartapost, 2010).

The 1% corridor of 12,9km, which is known as ‘Block M-Kota’
was implemented within 8 month from the design stage until
the opening (Hook & Ernst, 2005). The corridor was opened
for operation in January 2004 and it is mainly composed of

Figure 6.1. TransJakarta 1% corridor (SOP, 2010)

8 There was no guarantee that one bus driver will operate always one particular vehicle. Besides this, bus drivers

had to pay a fixed fare for bus renting and for the fuel. This was already quite high expenditure which they appar-
ently didn’t want to increase (concluded by author based on the literature study).

Other main factor that facilitated high level of car ownership in the city was a social status. Possession of a car
was prestige and it indicated on the higher social status of a person with a car, compared to a person who could not
afford to have a car (discussed in Chapter 2).

This policy restricted the access to a part of the central business district of Jakarta to vehicles (personal cars) con-
taining less than 3 people (Dalkmann, 2010).

According to Matsumoto (2007), Asian economy crisis in the late 1990s could have motivated policy makers to
seek first for a lower costs solution for public transportation sector improvement and therefore could have effected
to some extent the decision of BRT system integration in Jakarta instead of e.g. metro system.
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business and shopping destinations (Wright, 2005). It has a physically segregated bus lane, lo-
cated on the side of the road (see Figure 6.1). The corridor consists of 20 stations with a 250 -
860m interval and it is under operation from 5:00 till 22:00° (wiki, 2010b; Alvinsyah & Zul-
kati, 2005). The main elements of the corridor and corridor’s technical data are summarised in
Annex A;.

According to the literature study performed on Jakarta BRT, the following operational aspects
(positive and negative) of the 1* corridor were defined.

The main positive aspects identified are: initiated modal shift from personal cars to BRT (13-
14%) (ITDP, 2004; Alvinsyah & Zulkati, 2005); CO; reduction and local air quality improve-
ment (Matsumoto, 2007; Caldes, 2007); increased bus transit speed in comparison to the aver-
age traffic speed in the city63 (Rini, 2003; Alvinsyah, & Zulkati, 2005); decrease in travel time
for bus commuters (Susilo et al., 2007; Caldes, 2007)64.

Main negative aspects identified are: the lack of feeder service (Matsumoto, 2007; Hook, 2005);
low capacity and availability of BRT buses (Hook & Ernst, 2005; ITDP, 2003); and a fast dete-
riorating road infrastructure (Hook & Ernst, 2005; ITDP, 2003).

TransJakarta was built as an isolated system without functioning feeder services® (Hook, 2005).
The mixed traffic lane was converted into BRT lane without the expansion of the road space for
a mixed traffic. According to Hook (2005), no regulatory reforms were made in the corridor. As
a result, the conventional buses® were continuing their operation in the mixed traffic lane after
BRT integration, while the new BRT buses were operating on the new BRT bus lane. The fact
that old buses were still operating in the mixed traffic contributed to congestion increase in the
mixed traffic on the BRT corridor (Hook, 2005).

Low capacity buses operating on the corridor (capacity of 85 passengers; Matsumoto, 2007) had
only a single door. Due to this, there was a slow boarding of passengers on BRT buses, causing
bus queuing at the stations. Due to a limited number of buses available in the system, the maxi-
mums capacity of TransJakarta was about 3200 passengers/direction/peak hour (ITDP, 2003).
However, the real demand for BRT was higher, respectively around 4000 passen-
gers/direction/peak hour (ITDP, 2003). As the result, BRT buses were overcrowded and a con-
stant overweight of the buses caused fast deterioration of the road infrastructure’” (ITDP, 2003;
Hook & Ernst, 2005).

However, these negative aspects of the 1¥* BRT corridor operation were realised during the first
year of TransJakarta operation (Hook & Ernst, 2005). According to the literature study per-
formed, during the construction and operation of the following seven BRT corridors similar
mistakes were tried to be avoided. The performance evaluation of the currently operating
TransJakarta BRT system is going to be presented in the following section.

62 After 22:00 the corridor is closed for maintenance (wiki, 2010b; Alvinsyah & Zulkati, 2005).

8 According to Rini (2003), the average traffic speed on the roads of Jakarta is 11-18km/h.

Due to the lack of information, the positive aspects of the 1°' TransJakarta BRT performance will not be discussed
in details.

For instance, small buses could be used as a feeder service to carry passengers to the BRT corridor, where the pas-
sengers could switch to BRT buses for their further transportation. According to Hook (2005), there was an at-
tempt to introduce a feeder service in TransJakarta, however, this attempt failed. The reason for this failure is the
fact that buses in Jakarta are rented by the bus drivers (bus drivers are not employees of the private companies
which own the buses) and therefore problems arose with fare price negotiation.

Buses which were operating in the corridor before the integration of BRT system.

BRT lane on the 1*' corridor was made from the asphalt and only the later BRT lanes were made from the con-
crete, which is stronger material (ITDP, 2003; Hook & Ernst, 2005).
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6.3 Evaluation of the currently operating TransJakarta BRT system

Technical data on TransJakarta BRT system are summarised in Annex A,. These data are used
later in this section as a base for the explanation of the evaluation results.

The evaluation of TransJakarta BRT performance was made applying the new developed meth-
odology. The results of this evaluation are presented in Table 6.1 and later discussed in the text.

Table 6.1 Evaluation of TransJakarta BRT system

Criteria Policy/country Certainty of Ref®
Main blocks TransJakarta evaluation
(Indonesia)
Reduction of local pollution HDA, HA 1-6
)\)’ Reduction of noise level in urban areas LDA
<@ [Contribution to CO, reduction HDA, HA 1-6
. [ncreased road safety LDA, HA 7,16
. Equity LDA,LA 8-11
@ Travel convenience HDA, HA 12-16
S Revenues/costs ratio LDA, HA 17-19
S . moderate HDA,LA [3,7,11,16,
g Reduced congestion 18-20
Creation of new job market n/a LDA

Reduction of local pollution (NOx, PM, CO & SO,) and contribution to CO: reduction. Accord-
ing to Soehodo (2010) and Yunita (2008) the following annual reduction of local pollutants was
reached in 2008 on TransJakarta BRT corridors: 23 tons of PMj,; 386 tons of NOx and 3362
tons of CO. Based on the data acquired, several calculations were performed in order to estimate
the TransJakarta’s contribution to local pollution and CO, emission reduction (see Annex Aj).
The results showed that annually TransJakarta contributes to about 0.46% NOx reduction from
Jakarta’s transportation sector”. Based on this, it was concluded that TransJakarta BRT on
yearly basis could contribute to 0.3-1% reduction of local emissions from Jakarta’s transport
sector. This reduction is made mainly due to the fact that there are newer buses in operation on
the BRT bus lanes, which comply with higher emission standards (EURO II and III; Chinabrt,
2009) in comparison to conventional buses on Jakarta’s roads (Tatamotors, 2010). As a result,
TransJakarta’s contribution to ‘reduction of local pollution’ was evaluated as ‘high’.

Considering ‘CO; reduction’, calculations similar to ‘reduction of local pollution’ were per-
formed (see Annex A; data). The results of calculations showed that the annual reduction of
about 1.33% CO; emissions in Jakarta’s transport sector was reached due to TransJakarta’s op-
eration. This result can be considered rather robust, since it is calculated using information with
high agreement (see Annex As). According to ITDP (2010), 37,000 tons of CO; were reduced in
2009 due to the operation of newer buses on TransJakarta. Based on this, TransJakarta’s contri-
bution to ‘CO; reduction’ was also evaluated as ‘high’.

Reduction of the noise level in urban areas. During the study performed, no data concerning
TransJakarta’s contribution to a reduction of noise level in Jakarta’s urban area were found.
Taking into consideration that transportation systems is a dynamic system that changes over

% (1) Soehodo, 2010); (2) Yunita, 2008; (3) Chinabrt, 2009; (4) Tatamotors, 2010; (5) Susandi, (2004); (6) Syahril,
et al., (2002); (7) Jakartapost, 2010; (8) Hook, 2006; (9) Hook, 2005a; (10) Primanita, 2010; (11) ITDP, 2010a;
(12) Dirgahayani, et al., 2007; (13) Alvinsyah & Zulkati, 2005; (14) Rol, 2008; (15) Gobrt, 2007a; (16) Hook &
Ernst, 2005; (17) Dalkmann, 2010; (18) Caldes, 2007 (19) Hidalgo et al., 2007; (20) Rini, 2003.

8 Calculations could only be made for NOx emissions due to the lack of data on the other components, such as PM,
CO and SO..
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time, it is rather hard to estimate whether the noise level was changed as a result of TransJakarta
integration in Jakarta’s transportation system. According to the methodology, this field cannot
be evaluated (n/a).

Increased road safety. Literature study (ITDP, 2010a; Jakartapost, 2010; Rol, 2008) on
TransJakarta BRT showed that the integration of TransJakarta BRT into Jakarta’s transportation
system in general has improved transportation safety issues for bus commuters and pedestrians.
This is mainly due to the installation of a special BRT shelters and the improvement of pedes-
trian sidewalks (the latter is discussed under ‘equity’). The access to the BRT buses currently
can only be done from special shelters and, in order to reach these shelters, commuters have to
use special overpasses. According to Jakartapost (2010), before TransJakarta was integrated in
Jakarta’s transportation system, people could ‘hop’ on and off the buses anywhere they wanted
(mostly not at the bus stops), resulting in a high level of road accidents. However, these were no
precise data found on the reduction of road accidents after TransJakarta’s opening. TransJa-
karta’s contribution to ‘increased road safety’ was evaluated as ‘high’.

Equity. TransJakarta made public transportation more affordable for Jakarta’s inhabitants and it
became rather available transportation mode for a ‘low-income’ population. According to Hook
(2006), roughly 40% of TransJakarta’s passengers are ‘low-income’ inhabitants™. 47% of all
people participating in this survey indicated that transportation with TransJakarta has reduced
their travel costs, 29% said that their transportation costs remained the same and 21% indicated
a travel cost increase. Besides travel affordability, TransJakarta made travelling more accessible
and safe for pedestrians by improvement of the sidewalks along the corridors (Hook, 2005a).
Considering bicycles, currently there are no special bicycle roads existing in Jakarta (Primanita,
2010). According to ITDP (2010a), there is a lack of integration of such facilities in the entire
Jakarta’s transportation system including TransJakarta BRT corridors (even though there is a
high demand for it; ITDP, 2010a). Currently, ITDP Indonesia is working on master plan for the
bicycle lane facilities as means of BRT feeder system.

Considering the affordability of service for Jakarta’s poor as well as the improvement of travel-
ling conditions for Jakarta’s pedestrians, TransJakarta’s contribution to ‘equity’ was evaluated
as ‘high’.

Travel convenience. Literature analysis showed, that in general, TransJakarta BRT made public
transportation more convenient for Jakarta’s inhabitants, however there are still some barriers
and problems. Based on a passenger survey conducted by Jakarta’s Communication Agency in
2006 (Dirgahayani, et al., 2007), the main reasons for using TransJakarta busway were identi-
fied: shorter travel time (indicated by 65% of respondents) and improved comfort (indicated by
20% of respondents). According to Susilo et al., (2007) and Hook (2006), since BRT buses are
faster than other vehicles on BRT corridor (see ‘congestion reduction’) it enables passengers to
travel about 10-20 minutes faster than regular bus users. Already four months after 1* BRT cor-
ridor launching date, a modal shift of 14% was reached”! (Alvinsyah & Zulkati, 2005; Rol,
2008). However, the main problem of TransJakarta, which makes travel less convenient, is the
undersupply of buses in the system’. As the result, TransJakarta buses are overcrowded and of-
ten delayed (Gobrt, 2007a; Hook & Ernst, 2005), contributing to long waiting time for passen-
gers. For this reason TransJakarta’s contribution to ‘travel convenience’ was evaluated as ‘mod-
erate’.

Revenues/costs ratio. Compared to other BRT systems analysed in this research, TransJakarta
has the lowest investment costs per kilometre (see Annex A,, B; and C,). There is currently 124

™ There were in total 350 people participating in the TransJakarta commuter’s survey (Hook, 2006).

" Modal shift from personal cars to BRT.

2 Citation from Gobrt, (2007a): “The Jakarta Post reports that only 94 of 126 buses are deployed in the second and
third corridors and only 32 of 113 planned buses operate on the four newest busway corridors”. According to The
SCC (2010), 20 buses that are running on Corridor 8 are reassigned from the seven existing corridors.
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km of TransJakarta busway. Assuming that US $ 1.35 million” is the average investment cost
per kilometre for the entire TransJakarta system, the total investment in the system would be
about US §$ 193 million. As indicated in Annex A,, the commuter price for using BRT is US $
0.39 and there are about 82 million people using TransJakarta BRT on a yearly basis (data on
2009; Dalkmann, 2010). Roughly calculating, revenue from system’s operation would be ($
0.39%82,377,655™") about US$ 32,1 millions/year. Using these data, it was calculated that sys-
tem’s payback time is about 6 year, which is rather low in comparison to other BRT systems,
such as Beijing BRT (see Section 8.3), meaning that currently TransJakart should have reached
it’s ‘break-even point’’, since it is in operation from 2004. Based on this, ‘revenues/costs ratio’
was evaluated as ‘high’.

Reduced congestion. The average BRT bus speed on TransJakarta in 2007 reached in average
17km/h (Hidalgo et al., 2007), which was about the same as the average speed on Jakarta’s
roads with a mixed traffic (Rol, 2008). However, TransJakarta was constructed on the existing
roads of Jakarta, without the extension of road’s width, in this way leaving less space available
for a mixed traffic (Chinabrt, 2009; Hook & Ernst, 2005). Due to the reduced space availability
and constantly growing amount of vehicles on Jakarta’s roads (see Section 6.1), the average
speed in the mixed traffic lanes in TransJakarta’s corridors was reduced, contributing to the
higher level of congestion’ in those lanes (ITDP, 2005a; Jakartapost, 2010). The precise num-
ber of speed reduction in the mixed traffic lane was not defined during this study. Nevertheless,
taking into consideration time saving for bus commuters, transportation with TransJakarta be-
came faster than with conventional buses that indirectly indicates on higher TransJakarta’s op-
erational speeds. These speeds, respectively, could be reached on corridors, which are less con-
gested than mixed traffic lanes. Taking into consideration all the facts mentioned, TransJa-
karta’s contribution to ‘reduced congestion’ was evaluated as ‘moderate’.

Creation of new job market. There were no precise data found on this indicator during the litera-
ture study performed, therefore, it is hard to carry out an objective evaluation of this criterion.
According to the methodology, TransJakarta’s contribution to a ‘creation of new job market’
was not evaluated.

Based on discussion of the evaluation results presented in Table 6.1 it can be concluded that
currently TransJakarta BRT is a successful system, showing mainly a high performance in all
evaluation blocks’’. However, this success was achieved gradually. The analysis of the 1
TransJakarta corridor showed (see Section 6.2) that the performance of that corridor was rather
far from the desired performance and there were several lessons to be learnt for the future im-
plementation/operation of TransJakarta BRT corridors. The main barriers of TransJakarta 1%
corridor operation (e.g. such as the lack of feeder system) have been steadily overcame, result-
ing in a more successful functioning of the system. This proves the fact that the monitoring of
the system (especially in the initial system’s operation stage) is a very important step in BRT
projects, which leads to essential lessons drawing for the future.

3 No precise data on the investment costs per kilometre on the other TransJakarta BRT corridors except for the 1%

corridor was found.

Due to the lack of data, this number was used for each operation year of TransJakarta. However, it has to be
strongly considered that the annual ridership during the initial operation stage of TransJakarta was lower, as the
system was smaller in size, consisting out of less corridors compared to system’s size in 2009 (in total 8 corridors
in operation).

Income is still been generated even after the investment costs are been repaid.

The precise information on the speed reduction in the mixed traffic lanes was not found during the performed lit-
erature study.

The definition of when BRT system can be considered as ‘successful’ is given in section 4.2.
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6.4 Factors that impeded/facilitated the performance of TransJakarta

This section contains a short summary of the factors which facilitated a successful performance
of TransJakarta:

1) Strong political will. The introduction of TransJakarta into Jakarta’s transportation system
was initiated and supported by Jakarta’s Governor Sutiyoso. According to Matsumoto
(2007), Sutiyoso made a promise to implement the BRT plan in Jakarta”, which was/is one
of his major political commitments. Partly because of this promise he was re-elected as a
Governor of Jakarta (Matsumoto, 2007).

2) Learning from Latin America good practices in BRT system operation. As Matsumoto
(2007) reports, in February 2003 a delegation of 15 Indonesian representatives from the
government, local parliament, private sector, press and NGOs attended the International
Seminar of Human Mobility (ISHM seminar) in Bogota. In this seminar the practices of
TransMilenio BRT in Bogota were presented, which was the major focus of the Indonesian
delegation. After this seminar, in May 2003, the Governor Sutiyoso himself visited Bo-
gota’s TransMilenio bus system. As a result, several elements of TransMilenio were inte-
grated into TransJakarta, which are: “physically separated bus lanes in the median of the
roadway, high floor bus stations and wheel chair-usable pedestrian ramps, high-floor buses,
pre-board fare payment with turnstiles using electronic smart-cards” (Matsumoto, 2007).
The task force was formed to implement TransJakarta BRT, consisting out of five Jakarta’s
agencies: Transportation, Public Works, Parks, Utilities, and Planning, together with three
local municipalities within Jakarta (Dalkmann, 2010, Caldes, 2007).

3) Support from international organisations and technical assistance of experts. The Institute
for Transportation and Development Policy (ITDP) provided technical assistance for the
TransJakarta project based on a grant from the US Agency for International Development
(USAID), (Matsumoto, 2007; Caldes, 2007). ITDP sponsored several lesson-drawing activi-
ties, such as the visit of stakeholders to the ISHM seminar in Bogota, visits to Jakarta by
key consultants who developed the TransMilenio system, including the visit of the former
Mayor of Bogota to Jakarta (Matsumoto, 2007).

4) Public support. According to Matsumoto (2007) and Caldes, (2007), after the ISHM semi-
nar in Bogot4, transportation experts asked for public involvement in the process of improv-
ing the transportation problems in Jakarta. Experts noted that public participation was one
of major factors of a successful performance of TransMilenio BRT system. Since then,
various public surveys were performed, web-discussion blogs were initiated where com-
muters could exchange their experience and share opinion on TransJakarta performance.
Besides, a local newspaper ‘JakartaPost’ is actively following changes and progresses in the
TransJakarta BRT system, giving recent information and updates to the public (Jakartapost,
2010; Matsumoto 2007).

5) TransJakarta BRT implementation together with other policies. TransJakarta was not im-
plemented as a ‘stand-alone’ policy, but it was supplemented by so-called ‘3-in-1’policy
(see footnote 60), which was in operation since 1992 (Rini & Sutomo, 2006). The 1%
TransJakarta corridor was build in the area where ‘3-in-1’ policy was functioning, reducing
the number of vehicles entering this area (restricted zone) during the morning peak-hours. It
has to be mentioned that the ‘3-in-1" policy was in force only from 6:00 till 10:00 in the
morning, meaning that a congestion relief was reached only during those hours. After the
integration of TransJakarta bus system into the same area where ‘3-in-1’ policy was in
force, ‘3-in-1" policy was extended for functioning during the evening hours, respectively,
from 16:00-19:00. This interaction of BRT and ‘3-in’1’policy contributed to a general re-
duction of congestion level during peak hours on BRT corridors (Rini & Sutomo, 2006).

" Sutiyoso had a substantial control over the budget allocation, which was required for the BRT project implementa-
tion (Matsumoto, 2007).
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7.  Delhi BRT case study

7.1  General insight and characteristics of the urban transportation sys-
tem in Delhi

Delhi (National Capital Territory of Delhi or NCT), is one of the largest metropolis in India
(FAI 2010). The name Delhi is often used referring to New Delhi, the capital of India, which
lies within the metropolis. In this research, the term ‘Delhi” will be used to refer to the entire
Delhi NCT area, as the integration of BRT system was/is planned to be made in the Delhi NCT
area, covering also New Delhi.

For decades, Delhi, similar to other mega-cities of developing world, faces transportation, eco-
nomic, and environmental challenges™ (Bose et al., 2001). A fast growing population, urban
sprawl, and the third highest level of income per capita in India (Sahai & Bishop, 2009), re-
sulted in a high demand for motor vehicles. The numbers of private vehicles on Delhi's road has
grown about 12 times over the last 30 years (see Table 7.1, including the projection for 2020),
(DIMTS, 2010a; Bose, et al., 2001).

Table 7.1 Motor vehicles in Delhi (1000s)

Year Scooters and Cars/jeeps  Auto- Taxis Busses Freight  All motor
motorcycles rickshaws ™ vehicles
1971 93 57 10 4 3 14 180
1980 334 117 20 6 8 36 521
1990 1077 327 45 5 11 82 1,547
2000 1568 852 45 8 18 94 2,584
2010 2958 1472 403 14 39 223 4,809
2020 6849 2760 209 28 73 420 10,339

Source: Bose et al., 2001.

Bose et al (2001) estimated that in 2010 Delhi motor fleet will stand at 4,8 million vehicles (ta-
ble 7.1). Due to a poor data availability, no precise number of currently registered motorised ve-
hicles in Delhi could be found. However, Narain, 2008 report that in general Delhi motor fleet is
increasing by other 1000 vehicles each day. In order to accommodate the increasing number of
motor vehicles and increase the throughput of roads, the roads of Delhi have been continuously
widened, combined with the construction of various flyovers and underpasses, which was
mainly accompanied by the reduction (up to removal) of pedestrian facilities (Gupta, 2008).
Currently, already 21% of Delhi’s geographical area is occupied by roads, which is the highest
in Asian mega-cities (Bhatia & Jain 2009). However, due to the rapid rate of motorised vehicle
increase, new widened roads, flyovers and underpasses became soon congested at a similar rate
as other roads of the city.

™ Since 1990’s transportation is by far the largest source of air pollution in the city, contributing to more than 72%
of total pollution (data on 2001, GOI, 2003). According to Bose et al., (2001) and Kandlikar (2007), air pollution
levels in Delhi greatly exceed health-based standards (see Annex B, data).

80 Auto-rickshaw and bicycle-rickshaws are vehicles with three wheels, like a covered motor scooter with a back seat
for passengers. These vehicles are used as a taxi in Asian cities (Encarta, 2010).
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From the literature study performed, several
reasons of high level of congestion on Delhi
roads were determined. Besides the high in-
crease of motorised vehicles and inadequate in-
frastructure, congestion was also caused by a
variety of vehicles moving at different speeds in i oy 3
a mixed traffic (see Figure 7.1). In general, T : =X o8
there is a lack of modal separation® and g i
tive traffic regulation on Delhi roads.
ing to Bose et al., (2001), many problems with
Delhi’s transportation system are due to mis-
communication and disjoined decisions of sev-
eral organisations involved in the transportation
sector. There is no single agency existing at
central, local or state level, which would be entirely responsible to plan, finance, build and man-
age transportation projects and traffic in general in Delhi (Bose et al., 2001).

-t & - e

Figure 7.1 Traffic in Delhi (Bose et al., 2001)

The strategy of new widened roads and flyovers in Delhi was entirely oriented on private cars®
(cars in particular), serving only 10-13% of commuters, neglecting NMT and the public trans-
portation system (Bhatia & Jain 2009; DIMTS, 2008). Even though the amount of busses in the
city is not large in comparison to private cars and motorcycles (table 7.1), according to DIMTS
(2008), in 2007 around 42% of total personal trips in Delhi were made by the use of bus service.
Motorcycles and two-wheelers (scooters), which are present in Delhi in the largest amount (ta-
ble 7.1) contribute to about 22% of Delhi’s transport modal share. Together with bus transit, it is
the most common way of transportation among people with a low-income (Bose, et al., 2001;
DIMTS, 2008). Delhi’s poor, who cannot afford buying motorcycle, entirely rely on NMT that
contributes to 10-15% of total transport modal share® in Delhi.

Another important public transportation mode in Delhi is metro, which was opened for opera-
tion in 2002 and currently it is carrying approximately 1 million passengers on daily basis
(DMR, 2010; wiki, 2010). Delhi metro opening was a significant contribution to unloading of
Delhi’s roads (wiki, 2010) and due to a high demand, expansion of the network is an ongoing
process®. However, in comparison to other modes, transportation by metro is more expensive™
and therefore is mainly used by the middle/high income population.

Despite a large variety of transportation modes in Delhi, Badami & Haider, (2007) reports that
all income groups of Delhi still heavily rely on bus transit. However, the quality of the service is
poor. In general, the public bus service in Delhi can be characterised as unreliable, inconvenient
(as many buses are non-operational), time consuming and overcrowded. Operational bus fleet is
fast ageing, with poor conditions and shortened life time, due to a heavy use®. The functioning
of bus transit in Delhi is rather similar to Jakarta as discussed in Section 6.1. This is, a majority
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Dedicated facilities for buses, rickshaws, bicycles and pedestrians.
8

Most popular car in India is Tata Nano, which is available at a comparably low costs (US$2.500) among mid-
dle/high income population (Gupta, 2008).

Indian poor, which account for about a third of India’s urban population (Gupta, 2008) and most of whom lives in
slums (unauthorized settlements without formal arrangements for water and electricity supply), in general have a
different transportation pattern compared to higher-income class residents, who lives in formal housing. As Gupta
(2008) reports, generally for Indian poor population, cycling and walking accounts for 50 to 75% of the commut-
ing trips, while people living in formal housing sector (middle/high income people) rely on buses, cars and two
wheelers. Therefore, despite high accident rates and hostile infrastructure, low cost modes in India are widespread,
as their users do not have other choices for transportation (Gupta, 2008).

Average costs for construction is $ 44.6 million/km (Badami, 2009).

Costs for one trip in metro is about Rs. 30, which is $ 0.64, per one trip (wiki, 2010).

At the end of the 2009, the Delhi Transport Corporation accounted for about 3800 buses. In 2008/09 as many as
498 buses were added to the fleet while 232 were discarded. The strength and age profile of the fleet that year
showed, that about 2100 buses were more than 8 years old, meaning that about 56% of the Delhi’s bus fleet is av-
eraged. (Bhatia & Jain, 2009).
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of Delhi’s buses are run by private operators, whose profit mainly depends on the number of
passengers carried. A survey conducted by Badami & Haider, (2007) revealed that “private bus
operators, because of the profit motive, stop to pick up passengers at unscheduled stops, causing
over-loading and inordinate journey times, and often bribe the police to avoid being fined for
overcrowding”.

Other problems with bus service in Delhi are the lack of coverage, especially in the periphery of
the city (Badami & Haider, 2007).

Considering the fact that on bus transportation rely the biggest part of Delhi’s inhabitants there
is an essential need for an improved low-cost public transportation system®’.

Instead of focusing on private vehicle transfer, Delhi transportation system should switch to-
wards the transfer of people, improving the bus service performance, giving priority and dedi-
cated road space to busses and NMT. As the first step towards a better functioning of low-cost
public transportation system in Delhi was taken by the introduction of BRT system.

7.2 Delhi BRT characteristics and technical details

The concept of introduction of BRT in Delhi was agreed in 1995, after the Central Pollution
control board commissioned a study for reduction of vehicular pollution in Delhi. The final re-
port with recommendations to introduce segregated bicycle lanes and bus lanes was released in
1997. In 2002, an international workshop on high capacity bus system was organised by Delhi
Transport Corporation, which was the major step in introduction of the BRT system in Delhi
(DIMTS, 2010). However, based on the literature study performed, no information on any addi-
tional evaluation studies (e.g. a detailed project report including current demand analysis*™) be-
fore constructing the 1* BRT corridor in Delhi was found. This type of reports contain essential
information for the planning of a BRT system. According to DCH (2009), the 1** corridor of
Delhi (5.6 km of it) was built based on the results from transport demand survey, which was
performed in 2003. These results were significantly outdated for the present traffic context, tak-
ing into consideration that vehicle population of Delhi annually increases at a rate of about 8%
(see Table 7.1). Currently, the corridor manager DIMTS (Delhi Integrated Multi-Modal Transit
System™) is given the responsibility for preparation of the detailed project reports and transport
demand forecast models for the construction of the other planned BRT corridors in Delhi (DCH,
2009).

In 2004 the design of the first Delhi BRT corridor, connecting Dr. Ambedkar Nagar and Delhi
Gate, was initiated and consequently in 2006 the construction works on this corridor started. It
was opened for trial operation in April, 2008 (DIMTS, 2010). This corridor is 14.5 km long,
crosses over 17 intersections, and consists of 29 stations. At present only 5.6 km part is under
operation (Thole, 2008; EMBARQ,2009; Hidalgo, 2009). This corridor is the 1 Delhi BRT
corridor and as of August 2010 the only one.

Separate bus lanes in the middle of the road (with the width of 3.3 meters) have been provided
in order to allow for faster travel times and safer trips (DIMTS, 2010). The corridor is the first
in Delhi to offer designated lanes for NMT (bicycles and pedestrians separately). The change

87 Delhi metro cannot completely replace the bus-based system, since it is more used by people with higher income.

As DIMTS (2010) reports, even in well developed metro networks, such as in London and Paris, busses still ac-
count for a larger number of passenger trips than a metro.

According to Wright & Hook (2007), city’s demand analysis for daily transportation is the basics for BRT system
design. Citation from Wright & Hook (2007): “Understanding the size of customer demand along the corridors
and the geographical location of origins and destinations permits planners to closely match system characteristics
to customer needs”.

DIMTS is Delhi BRT Corridor Manager. It is responsible for the operation and maintenance of the BRT corridor
(DIMTS, 2010)
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after the integration of BRT system in this corridor is shown in Figure 7.2a and 7.2b. The gen-
eral data of this corridor are summarised in Annex B,.
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Figure 7.2a Road design from Dr. Amberkar Nagar to Delhi Gate before BRT. Cross section.
Source: DIMTS, 2010.
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Figure 7.2b Road design from Dr. Amberkar Nagar to Delhi Gate after BRT. Cross section.
Source: (DIMTS, 2010)*°

From Figure 7.2a and 7.2b it can be seen that after the integration of BRT system, the road de-
sign from Dr. Ambedkar Nagar to Delhi Gate has become more structured. In this design, no
space from pedestrians was taken for roads extension, instead, unpaved 6 m of road (Figure
7.2a) was dedicated for a foot path and partly for a service lane. The carriage way, compared to
the situation before modifications, became smaller, resulting in lesser space for motorised vehi-
cles. However, as all buses were entirely moved from mixed traffic to a special lane, the traffic
speeds on each lane were expected to be increased, compensating for a reduced space.

The traffic volume on the BRT corridor is high. More than 135000 vehicles are daily registered
on this corridor (in 16 hours). 35-40% of these vehicles are cars, however, they carry only 15-
20% of the total commuters. Busses, which accounts only for 2-2.5%, carry around 55-60%"" of
the total commuters. The rest of transportation is done by NMT, two-wheelers or rickshaws
(DIMTS. 2010, Rawat, 2009, EMBARQ, 2009).

During the peak hours, about 12,000 passengers per hour are commuting both directions on this
corridor, however, this number varies from 11,000 to 13,000 depending on the information
source (DIMTS, 2008, 2010, EMBARQ, 2009, Thole, 2008). About 500 new low-floor Com-
pressed Natural Gas (CNG) buses were purchased in Delhi in 2009, which is about 13% of the
total bus fleet (Bhatia & Jain, 2009; Hidalgo, 2010). A part of these buses is used on the BRT
corridor. However, the main disadvantages of the BRT corridor is that all types of buses, includ-
ing new and old buses, are allowed to use to the BRT bus lane. During the peak hours, about
120-200 buses of different types per hour are operating on the BRT corridor, however, this
number varies depending on the information source used (DIMTS, 2008, 2010, EMBARQ,
2009). Data presented indicate that the average bus capacity operating on the corridor during
peak hours is about 75-110 people.

% MV line - motorised vehicle line (DIMTS, 2010).
°l' This was also one of the main reasons for BRT introduction (DIMTS, 2010).
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7.3 Evaluation of the currently operating Delhi BRT system

In comparison to other BRT systems, which are evaluated in this research (i.e. TransJakarta and
Beijing BRT), there is only one corridor in operation in Delhi BRT and it is in operation only
for two years. However, the Delhi BRT system was still chosen for evaluation as it represents an
interesting and a valuable case for lessons drawing and future BRT system development in In-
dia. The results from the evaluation are represented in Table 7.2 and explained below.

Table 7.2 Evaluation results of Delhi BRT by applying new developed methodology

. Criteria Policy/country | Certainty of | Ref”
bli/[alqul Delhi BRT evaluation
OCKS (India)
Reduction of local pollution moderate LDA,LA 1-7
\ Y 4 Reduction of noise level in urban areas n/a LDA
<= Contribution to CO; reduction moderate LDA, LA 1-7
Increased road safety LDA,LA 9
u Equity HDA, HA | 1;2:;5;10
' Travel convenience moderate HDA, HA | 2;3;5;11-
vel co 13
—— Revenues/costs ratio LDA,LA 3;5;10
p— . moderate HDA, HA | 2;3;9;11;
g Reduced congestion 14:15
Creation of new job market moderate LDA,LA 9

Reduction of local pollution (NOx, PM, CO & SO) and contribution to CO, reduction
No primary data on local pollution and CO; reduction on BRT corridor were found. However,
this criterion still can be evaluated by analysing other system performance indicators.

Since the introduction of Delhi BRT, about 500 new CNG buses (which is about 13% of the to-
tal Delhi’s bus fleet, see Section 7.2) were purchased and started their operation on BRT corri-
dor (partly). As a result of this fleet improvement, several old conventional buses were dis-
charged from the operation”. The average bus speed in the ‘Bus lane’ significantly improved
due to the separation of buses from the mixed traffic (discussed under ‘travel convenience’).
This indicates a faster and more ‘fuel-efficient’ transportation of people. About 42% of personal
trips in Delhi are made by the use of bus service (discussed in Section 7.1), leading to the con-
clusion that, in general, the transportation efficiency of the main part of Delhi’s commuters im-
proved. All buses in Delhi are operating on CNG, which is cleaner fuel in comparison to diesel™
(Swartz, 2000), however, new BRT buses have more efficient fuel utilisation and higher pas-
senger capacity, which eventually would result in lower generated emissions per passenger
transferred. Considering all facts mentioned, Delhi BRT contribution to ‘reduction of local pol-
lution’ was evaluated as ‘moderate’.

Considering ‘contribution to CO, emission reduction’, a general bus fuel switch in Delhi from
diesel to CNG (CAI, 2010) might have contributed to small increase in GHG emission from

%2 (1) Bhatia & Jain, 2009; (2) Hidalgo, 2010; (3) EMBARQ, 2009; (4) CAI, 2010; (5) DIMTS, 2008; (6) Swartz,
2000; (7) TataMotors, 2010; (8) LSI, 2010; (9) DIMTS, 2010; (10) DTC, 2010; (11) Rawat, 2009; (12) ENS,
2009; (13) Hidalgo, 2009; (14) DCS, 2005; (15) ITDP, 2008a; (16) Macario & Marques, 2008.

However, the exact number of these buses was not determined from the literature study performed.

According to Swartz (2000): “CNG mixes more uniformly in the ignition chamber, causing more complete com-
bustion and fewer pollution (particularly NOx and PM) than diesel fuel”. However, as Swartz (2000) also re-
ports, the use of CNG results in higher greenhouse gas emissions (particularly CHy) in comparison to diesel. The
reason for that is diesel engines are more efficient than CNG engines. “Operating at high compression ratios, a
large percentage of the fuel's available energy is converted into usable work” (Swartz, 2000). Due to a higher fuel
efficiency of diesel engines, generally lower carbon dioxide emissions are produced.
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transport sector in Delhi (see footnote 93). BRT buses are also operating on CNG and, from this
point of view, BRT introduction didn’t contribute to CO, emission reduction. However, new
buses complies to new emission standards (TataMotors, 2010), meaning more efficient fuel
utilisation, in comparison to conventional buses, and lower level of generated emission (includ-
ing CO; emissions). During this research, no other information that could help the evaluation of
this criterion, e.g. modal shift, was found. Based on the analysis made (more quantitative analy-
sis was not possible), Delhi BRT contribution to ‘CO; reduction’ was also evaluated as ‘moder-

>

ate’.

Reduction of the noise level in urban areas

During the literature study, there were no data found on the noise level change in Delhi BRT
corridor area. According to LSI (2010), the main sources of urban traffic noise are motors and
exhaust systems of cars, buses, motorcycles and other motorised vehicles. From available in-
formation it is only known that the new BRT buses were added to Delhi’s bus fleet for operation
on BRT corridor. These buses, though, partially substituted old conventional buses. Data on
modal shift on the BRT corridor also are not known”. It has to be considered, that the transpor-
tation system is dynamic and vehicle population on Delhi’s roads is constantly increasing.
Therefore it is hard to estimate whether the overall number of vehicles on BRT corridor has
changed and whether it causes changes in the noise level on BRT corridor. According to the
evaluation methodology, this criterion could not be evaluated (n/a).

Increased road safety

Positive effect from BRT system is an increased safety for Delhi commuters. As DIMTS (2010)
reports, there are 180 road marshals working on the corridor in order to guide bus passengers,
help children and elderly people to cross the road, manage traffic and instruct people to follow
traffic rules. However, in order to access BRT station, commuters have to cross mixed traffic
lane (in special allocated places/crosswalks) which is not very safe. There are no special pedes-
trian overpasses existing for a safe access to BRT station (DIMTS, 2010). Commuters, though,
have to cross only two lanes at the time to reach BRT station, as stations are located in the me-
dian lane (bus lane). Before the introduction of BRT system, commuters had to cross six lanes
(as the bus stops for both directions were located on the curb-side of the road; the road consists
of 6 lanes). From this perspective commuter safety has improved, but there are no precise data
in the literature about the reduction of road accidents on the operational part of Delhi BRT cor-
ridor. Besides, the introduction of a special lane for NMT (described under ‘equity’) also con-
siderably improved safety issues of people, who are using this transportation mode on daily ba-
sis. Taking into consideration all mentioned above, Delhi BRT contribution to ‘increased road
safety’ was evaluated as ‘high’.

% These data could have indicated whether there could have been a reduction of car users on the BRT corridor.
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Equity

Even though travelling in low floor AC (Air-conditioned) BRT busses is more expensive than in
ordinary (old) buses™, there is a good NMT integration in BRT corridor, which significantly
improved travelling possibilities for low-income people. According to Bose et al (2001) and
DIMTS (2008), NMT is the most common transportation mode among low-income population
of Delhi. Before BRT corridor integration, cycling and walking on Delhi roads was unsafe and
inconvenient, because there were no special lanes existing for NMT (Delhi roads did not have a
clear lane separation, see Figure 7.1). Considering the new road geometry, there is a special lane
for cycling (see ‘NMV’ lane in Figure 7.2b) and a special ‘foot paths’ separated from the motor-
ised traffic on BRT corridor. DIMTS (2008) reports that a bicycle flow of 1200/hour was regis-
tered in peak hours on ‘NMV’ lane, which is the highest in the world after China. Improved pe-
destrian foot paths also improved pedestrian's transportation safety. Besides this, BRT bus shel-
ters are now provided with the tactile tiles to guide blind people. Low-floor BRT buses provides
the possibility to use public transportation for physically disabled people (in a wheelchair),
(Bhatia & Jain, 2009; Hidalgo, 2010). The contribution of the BRT to ‘equity’ was evaluated as
‘high’.

Travel convenience

The most significant improvement on BRT corridor was the increase of the average bus speed
from 7-15 km/h (average traffic speed in the mixed traffic lane) to about 19 km/h (Hidalgo,
2010, Rawat, 2009, EMBARQ, 2009). Due to the increase of the bus speed, travel time for bus
passengers reduced in average for 35% (ENS, 2009; EMBARQ, 2009; Rawat, 2009). However,
this positive effect was offset with an increase of travel time for people, who are using other
transportation modes. As EMBARQ (2009) reports: “the average time for motorised travel
along the bus corridor decreased from 27 to 22 minutes. This is the combined effect of a reduc-
tion in travel time for bus users from 30 to 22 minutes, and increase in travel time for car users
from 22 to 26 minutes. The average speed of buses along the pilot corridor has increased to 19
km/h. As a result, the average travel time for bus users has decreased by 35 %”.

The increase of travel time for the other transportation modes was a result of malfunctioning of
the traffic light system and other aspects (discussed under ‘congestion reduction’). Nevertheless,
from a perspective that the majority of Delhi’s inhabitants are commuting by bus, the decrease
in travel time for the bus commuters has in general a stronger impact on the transportation pat-
tern, meaning that a major part of Delhi commuters spend less time on the transportation than
they used to spent before the introduction of BRT. According to a survey results reported by
Hidalgo (2009) and DIMTS (2008), 88% of 1500 respondents were positive about Delhi BRT
system and think it should be extended. However, currently there are not enough buses on the
corridor to satisfy the demand for bus service. In general, buses on the BRT corridor are over-
crowded and there is a low frequency of buses during the evenings (DIMTS, 2010). Based on
this, BRT contribution to ‘travel convenience’ was evaluated as ‘moderate’.

Revenues/costs ratio

The total investment costs for Delhi BRT 1% corridor were about US$ 3 million/kilometre’’
(DIMTS, 2008; EMBARQ, 2009). The costs for transportation in new air-conditioned BRT
buses in the corridor vary from about $0.2 to $0.53, depending on the distance travelled (DTC,
2010). However, it has to be considered that old conventional buses are also operating in the
same bus lane on BRT corridor. The fare for transportation in these (old) buses is two times
lower than in air-conditioned BRT bus, respectively $0.11 - $0.32.

% Comparison of transportation prices: the costs for ordinary bus service, depending on the kilometres travelled,
start from $ 0.11 to $ 0.32 (Rs. 5 to Rs. 15). Costs for low floor AC busses fares starts from $ 0.21 rising up to $
0.53, depending on the distance travelled. For instance, adult’s price for a trip up to 4 km on the ordinary bus is
Rs.5 ($ 0.11). However, for the same distance using a new bus the price is doubled (Rs.10), (DTC, 2010).

7" For comparison, the average costs for the construction of Delhi’s metro are about US$ 44.6 million/km (Badami,

2009).
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It is known that about 12,000 passengers/hour (in peak hours) are using BRT. The total amount
of passengers transferred daily on BRT corridor (bus lane) was not found during this study. As-
suming that system is operating for 16 hours (from 6:00 till 22:00) and there are four traffic
peak hours daily (two in the morning and two in the evening), a total number of 120,000 pas-
sengers/day”® using bus service on Delhi BRT corridor was estimated.

The total length of Delhi BRT corridor is 14.5 km and the total investment cost of this BRT cor-
ridor are about US$ 43.5 million. Assuming that the system is operating 365 days/year, the
revenue would be ($0.32”%120,000%365) about US$ 14 million/year, or 32% of the total in-
vestment. With this rough calculation it can be predicted that a pay-back time of Delhi 1** BRT
corridor will be only about 3 years if no additional investment in this corridor will be made.
Compared to other BRT systems evaluated in this study, Delhi BRT has the fastest pay-back
time period. Based on this, ‘revenues/costs ratio’ was evaluated as ‘high’.

Congestion reduction

Congestion reduction in Delhi BRT case was evaluated as ‘moderate’, based on several aspects:

o Slow speeds on the bus lane. Currently all types of busses (new and old) are allowed to use
the bus lane. This results in frequent breakdowns of old and deteriorated busses, causing the
reduction of the average bus speed and contributing to increased congestion on the bus lane
(Hidalgo, 2010, EMBARQ), 2009, DIMTS, 2010). Even though the average speed on the cor-
ridor has improved (see discussion under ‘travel convenience’), it is rather far from potential
speeds on BRT corridors, which is 24-32 km/h (DCS, 2005).

e Problems with traffic signals. According to DIMTS (2010) report and Rawat (2009), the cur-
rent traffic signals are not appropriate to discharge the traffic of the corridor at the peak
hours. This control system has long cycle time'®, more than 240 seconds (efficient system
should have less than 60 seconds, DIMTS, 2010) and unsaturated phases'”’. The signal phas-
ing'” used at BRT corridor gives only about 25 % of the green time to mixed traffic in the
peak flow direction. Before the introduction of BRT, mixed traffic received about 45 - 50 %
and the other part was devoted to pedestrians (Rawat, 2009). Due to this, traffic flow is not
stable and creates long queues of cars in motorised vehicle lanes as well as in the bus lane.
This is one of the major factors contributing to high congestion level on the BRT corridor
(Hidalgo, 2010, EMBARQ), 2009, DIMTS, 2010).

e Bus stations location is another issue that contributes to a high congestion level on the BRT
corridor. According to ITDP (2008a), bus stops are located in a close vicinity of intersec-
tions'”, causing the queuing of the buses already at the intersections itself. (ITDP, 2008a;
DIMTS, 2010).

e Reduction of road space for car users. Delhi BRT corridor was integrated in Delhi transpor-
tation system without the expansion of road width. The geometry of the corridor’s road was
changed only, allocating special lanes for bus transit and for NMT (see Figure 7.2). This
measure reduced the net space available for car users, resulting in more congested ‘MV’ lane
and longer travel times for this commuters group. According to DCH (2009), the main criti-
cism against Delhi BRT is coming exactly from this commuter group.

98
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Assuming that off-peak hour bus ridership is 40% less than during peak hour (author).

In this calculation $0.32 is a transportation fare in the new BRT buses.

Cycle time can be defined as “time required for one complete sequence of signal displays (sum of phase green
and inter-green times). For a given movement, cycle time is the sum of the durations of red, yellow and green
signal displays” (GOR, 2010).

The degree of saturation can be defined as “the ratio of arrival (demand) flow rate to capacity of road/intersection
during a given flow period. Also known as the volume to capacity ratio” (GOR, 2010).

Signal phasing in GOR (2010) is defined as: “sequential arrangement of separately controlled groups of vehicle
and pedestrian movements within a signal cycle to allow all vehicle and pedestrian movements to proceed”.

The exact distance from an intersection to a bus stop is not mentioned in the literature, however, according to
ITDP (2008a), BRT bus stops should be located around 70 meters away from the intersection (indicating that cur-
rently bus stops are located closer than 70 meters).
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Creation of new job market

Currently Delhi BRT is a small system, however, the construction, operation and maintenance
of this BRT corridor created a new job market. First, BRT corridor was given a corridor man-
ager (DIMTS). Second, about 180 road marshals were located on the corridor for guiding people
and managing the traffic (see ‘increased road safety’). Next to it, for bus operation on BRT cor-
ridor (new buses), bus drivers had to take an educational course'™ which required additional
educating personnel. However, as the job market created is not large'” yet and could be ex-
panded in the future, ‘creation of new job market’ was evaluated as ‘moderate’.

Other aspects considering Delhi BRT system functioning, which were identified during this case
study but not mentioned in the text, are summarised in Annex B.

Based on the results from the evaluation, Delhi BRT currently cannot be considered as a suc-
cessful system'”. However, despite all negative sides and problems discussed, it succeeded in
meeting of some key objective of BRT system. The major part of the Delhi commuters are trav-
elling at greater speeds with reduced average person travel time and therefore reduced person
delays (Rawat, 2009). Besides, the main focus of the system is already put on the reduction of
person’s delay and not on vehicle delay, which is a big step towards sustainable urban transpor-
tation system.

7.4  Factors that impeded/facilitated the performance of Delhi BRT

Summarising the case study of Delhi BRT, it is rather important to indicate the main factors,

which impeded a ‘successful’ performance of the system. These factors are:

e The lack of research in BRT project planning phase (discussed in Section 7.2) and current
absence of BRT performance monitoring system (EMBARQ, 2010).

e The lack of technical support and participation of international organisations. According to
Ghosh (2008), only state owned, mostly non-technical organisations, were involved in the
project, including RITES'”, Delhi Integrated Multimodal Transport System (DIMTS), In-
dian Institute of Technology (IIT-Delhi) and the state transport department'®. The only or-
ganisation which was equipped to provide technical knowledge to the project, so-called
PWD (Public Works Department), was never really involved in the project (Ghosh, 2008).
The reasons for this are not uncovered to public. No information upon the participation of
external organisations in the Delhi BRT project was found during Delhi BRT case study.

e A strong criticism of the system by mass media (mainly from car-user’s point of view).'”

e The lack of technologies and BRT supportive infrastructure. Delhi BRT was implemented as
a stand-alone policy, lacking such elements as e.g. feeder service to the system, parking fa-
cilities (see Annex Bs;), and implementation of other policies, such as e.g. car restriction
measures, etc.

About 200 drivers were trained to insure better discipline in the bus lane (DIMTS, 2010).

Due to the lack of data it is hard to estimate whether with the same financial investments more jobs could have
been created.

Results from the evaluation are not consistent with the definition of a ‘successful” BRT system as defined in sec-
tion 4.2.

Citation from DCH (2009): “RITES Ltd., a Government of India Enterprise, provides engineering, consultancy
and project management services in the transport infrastructure sector. RITES Ltd. took professional advice to
develop conceptual guidelines and design details for the BRT system.”

Citation from DCH (2009): “The Transport Department of the Government of Delhi organised an International
Workshop ‘Bus Rapid Transit Delhi’ in December 2005 to evaluate the deigns proposed. The designs were ap-
proved and recommendations presented to the Chief Minister of Delhi.”

As DIMTS reports: “the negative media campaigns have converted even non-users of the existing BRT corridor
into anti-BRT protestors. During presentation sessions at different places it was observed that people are against
the BRT Corridor because they don’t have any information about the system. They learnt everything from the
media. Children are very sensible towards the surrounding environment and, therefore, receiving appropriate in-
formation and education, can be ‘champions of environment friendly system’ like BRT” (DIMTS, 2010).
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As discussed in this entire chapter, Delhi BRT system needs significant improvements for its
successful operation.
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8.  Beijing BRT case study

8.1 General insight and characteristics of the urban transportation sys-
tem in Beijing

The development of China and its transport system have been strongly related to country’s po-
litical system. A centrally planned economy for many years hindered the development and ad-
vancement of the transportation system across the country (Shaheen & Martin, 2006). Before
the beginning of 1980s, walking, cycling, and public transit were the primary transportation
modes. A gradual modernisation of China’s transportation system began in 1980s since the eco-
nomic reforms and market liberalisation (Shaheen & Martin, 2006; Boahua, 2008). At that time,
the focus from public transit was shifted to private vehicles and the car manufacturing became a
national priority. A goal of a central government of China, as a part of country’s five-year de-
velopment plan (from 1991 till 1995) was to make car manufacturing a leading domestic indus-
try (Shaheen & Martin, 2006; Boahua, 2008).

As Darido (2006) reports, from 1986 to 2005 the number vehicles in Beijing increased from 0.6
million to 3.39 million''’, an average annual increase of 21%. Currently about 1000 new private
vehicles are added to Beijing’s traffic daily, which makes Beijing to be the most motorised city
in China (Darido, 2006; Shaheen & Martin, 2006). The change in modal share of daily trips in
Beijing from 1986 to 2005 is shown in Table 8.1.

Table 8.1 Modal share of daily trips in Beijing (excluding walk)

1984 2000 2003
Car 5.0 2312 98
Public transit 282 265 298
Bicycle 627 385 30.3
Tax1 03 88 1.6
Others 38 30 25
Total 100 100 100

Source: Boahua, 2008; Huapu, 2003.

From Table 8.1 can be seen that the use of personal cars for daily transportation increased from
5% (in 1986) till 29.8% (in 2005). In contrast, the share of public transit almost didn’t change
over this time. Until 2000, the share of public transit declined owing to a rapid increase of per-
sonal vehicles, which was/is more comfortable and prestige mode of transportation in Beijing
(Darido, 2006; Boahua, 2008). Next to it, the use of bicycles in Beijing declined almost by 50%
from 1986 till 2005. However, it is important to mention that despite rapid increase of private
car ownership, bicycles in 2005 still had the largest modal share in the city.

Besides the transportation modes mentioned, Beijing also have a growing metro system (Boa-
hua, 2008, ChinaDaily, 2006). The first metro line was opened in 1971 and currently the net-
work has in operation 9 lines with the total length of 228 km, carrying about 4 million passen-
gers on a daily basis (Boahua, 2008, wiki, 2010c). However, the existing network cannot meet
the mass transit needs of the city and therefore it currently undergoes a rapid expansion (Chi-
naDaily, 2006). Nevertheless, the transportation in Beijing’s metro is more expensive in com-

1% ncluding about 2.2 million of private cars, which is roughly 150 vehicles per 1000 inhabitants (Darido, 2006).
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parison to a conventional bus transit ' and therefore this transport mode became less affordable
12

transportation mode for people with low-income’ .

The rapid growth of motorised vehicles in Beijing (in the entire country in general) and much
slower growth in urban road network, contributed to a high level of congestion. The average
traffic speed in the centre of Beijing in the past 10 years decreased by 50% and currently it is in
average 10-12km/h (Darido, 2006; Tyrer, 2007). Motor vehicles in Beijing and other largest cit-
ies of China became the main source of urban air pollution (Darido, 2006). According to Huapu
(2003), setting cars as a major mean of daily transportation (while ignoring the public transpor-
tation sector) by China’s government, was the main reason of public transit deterioration and
rapid increase in private vehicle ownership, leading to a high level of congestion and other prob-
lems related to a rapid motorisation in the city. Instead of upgrading public transit sector, the
primary focus of the government was the expansion of the roads'” and parking facilities in or-
der to satisfy increasing demand of cars (Huapu, 2003).

In the beginning of 21* century, China’s government realised that the problems with traffic
congestion and car ownership became too severe and therefore critical actions had to be taken
for situation improvement. The accessibility of poor, elderly and disabled people to a public
transport service was also a growing issue, that indicated the necessity for the improvement of
the transportation system and its functioning.

Since then, China’s government shifted the focus from a private car sector to a public transpor-
tation sector, which needed to be significantly improved. In 2004, urban public transport be-
came a key strategic objective of Chinese government to tackle the congestion problems in the
country (Darido, 2006).

Next to Chinese government, a consortium of international organisations, such as the David and
Lucile Packard Foundation, the Energy Foundation and the William and Flora Hewlett Founda-
tion initiated the China Sustainable Energy Program (CSEP), (Hossain, 2006). The mission of
the program was: “to assist in China’s transition to a sustainable energy future by promoting en-
ergy efficiency and renewable energy” (Hossain, 2006). As the transport sector is one of the
largest consumers of country’s oil, it was included in this program. As Hossain (2006) reports,
the CSEP team has developed so-called ‘China Transportation Program Strategy’ and one of the
main goals of this strategy was “the identification of BRT system as means towards a sustain-
able transportation system” (Hossain, 2006; Matsumoto, 2007). This incentive generated a high
interest among local politicians and mayors. The Chinese government realised that BRT eventu-
ally would be the most cost-effective and fast strategy to tackle the congestion problem in the
city, increase the bus speed in urban areas and by this stimulate a modal shift from personal cars
to a public transit (Darido, 2006). Since then, BRT plans were made for 14 Chinese cities
(Kangming, 2006). The 2008 summer Olympics together with the World EXPO 2010''* were

1L Transportation fare in Beijing’s subway is 3 CNY (yuan). Regular bus fare is 1 CNY and transportation fare on
BRT lane is 2 CNY (Darido, 2006). For price comparison, 550 ml of water costs 2 yuan ($ 0.29), half of loaf of
bread - about 4.8 yuan ($ 0.7), 12 eggs - 14.5 yuan ($ 2,13), potatoes (500g) - 3.5 yuan ($ 0.51), ( SIB, 2010).

1 CNY (Chinese Yuan Renminbi) is equal to 0.1472 § (United Stated Dollar). Conversion rate on June 25, 2010.
http://www.xe.com/ucc

Citation from Wang (2005): “In 2002 the ratio between rich and poor incomes was 4.53 to 1; in 2003 it reached
4.7to 1, and in 2004 5 to 1. The income gap among different professions has also increased. For instance, the
highest annual salary of insurance salespeople can reach 240,000 yuan (US$ 30,000) or US$ 2,500/month. How-
ever, the lowest annual salary of housekeepers is only 6,540 (US$ 818) or US$ 68/month. Even in the same pro-
fession, the salary of managers can be 13 times more than ordinary employees”.

The city layout, styles of old districts and land availability were the main constrains for the expansion of road
network in Beijing (Huapu, 2003). Expanded roads soon became congested due to a large number of new private
vehicles on the roads.

“The World Expo is a large-scale, global, non-commercial Exposition. It aims to promote the exchange of ideas
and development of the world economy, culture, science and technology, to allow exhibitors to publicise and dis-
play their achievements and improve international relationships. Having 150-year history, this event is often re-
garded as the Olympic Games of the economy, science and technology” (EXPO, 2010).
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two major stimulating factors for BRT introduction in Beijing, which was considered as a sup-
plement for Beijing’s subway system (Matsumoto, 2007). Due to this, the construction of BRT
system became one of the “most-committed projects by Beijing municipal government” (Ma-
tsumoto, 2007).

8.2 Beijing BRT 1° corridor characteristics

Beijing BRT is the first bus rapid transit system in China (ITDP, 2008b). The implementation of
the 1% BRT corridor, also known as ‘Southern Axis BRT Line One’, took about 18 months from
a concept to a functioning system (Darido, 2006). A 5,5 km segment of this line was opened for
operation in December 2004, while the entire corridor, which is 16 km long, was launched one
year later (ITDP, 2005; Deng & Nelson, 2010; Matsumoto, 2007).

The main elements of this corridor are represented Figure 8.1.

() Advanced vehicle
(@) Enhanced station
22| @ Off-board fare collection

(@ Screen door system

Figure 8.1 Beijing BRT. Main elements of the 1°' corridor
Source: Deng & Nelson, 2010.

From Figure 8.1 it can be seen that the corridor has a segregated bus lane, which is located in
the middle of the road, giving a priority to BRT over a mixed traffic (Deng & Nelson, 2010). It
is characterised by advanced vehicles, enhanced stations, pedestrian overpasses and other ele-
ments, which are summarised in Annex C; together with technical data on this corridor’s per-
formance.

The operation and maintenance of the BRT system is made by the Beijing BRT Company Ltd.,
which was formed and owned by the Beijing General Bus Company (State -owned) and two
private companies under the Beijing Transit Group (Darido, 2006). As Darido (2006) reports,
the roadway infrastructure of BRT corridor was funded by the Beijing government, while the
investment in the new bus fleet and station was done by BRT operator (Beijing BRT Company
Ltd.).

Speed improvement. The speed of buses on BRT corridor in average reaches 25 km/h'"” (Zheng
& Jiaqing, 2007; Darido, 2006) which is a significant improvement compared to the speed of
regular public transit buses (16 km/h) before the opening of BRT. As Zheng & Jiaqing (2007)
report, next to the speed improvement, the volume of motor vehicles in the corridor increased at
all intersection of the corridor.

15 Most of the BRT systems in the world are designed for 24-32 km/h operation (DCS, 2005).
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Travel time savings and decrease in service delay. Since the opening of 1** BRT corridor with a
separates bus lane, BRT commuter’s travel time reduced from average 70 min to 40 min, which
is about 40% reduction (Zheng & Jiaqing, 2007; Darido, 2006; Deng & Nelson, 2010). The
main reasons for this reduction are: the priority of BRT buses over a mixed traffic in the corri-
dor and corridor’s intersections, and a pre-board fare collection system, together with pre-board
ticket control.

Transit efficiency improvement. According to Zheng & Jiaqing (2007), the daily passenger vol-
ume of a single BRT bus on the 1** BRT corridor reaches 1037 passengers and the daily journey
distance of 273 km. Compared to the regular buses operating in Beijing, these numbers are the
following: daily passenger volume of a single regular bus is about 267 passengers and the daily
distance driven by this bus is around 145 km (Zheng & Jiaqing, 2007). These numbers indicate
that daily passengers volume of BRT bus is about 3.9 times higher than of a regular Beijing’s
bus, and the daily travelled distance of BRT bus is two times of a regular bus. This shows a sig-
nificant increase in transit efficiency, simultaneously contributing to a reduction of environ-
mental impacts of bus transit.

Increased passenger satisfaction with public transportation service. The Beijing 1 BRT line
improved accessibility, comfort and convenience of commuters (Deng & Nelson, 2010; Zheng
& Jiaqing, 2007). Besides, it has attracted modal shift from private cars to BRT (Deng & Nel-
son, 2010). However, many people''® still found BRT vehicles overcrowded, as the number of
vehicles operating in the 1 BRT corridor does not meet a growing demand for public transit in
the corridor (Zheng & Jiaqing, 2007; Deng & Nelson, 2010).

Considering the negative aspects of Beijing BRT 1* corridor operation, during the literature
study only two main aspect were identified, which overcrowded vehicles''” and incomplete
BRT integration in the transportation system.

In BRT 1* corridor there are no bicycle parking facilities (Chinabrt, 2009) which inhibits cy-
cling from becoming one of the feeder service to the BRT system. According to Chinabrt,
(2009), for physically disabled people, in a wheelchair, it is hard to reach the new BRT stations,
since the access to the stations on the 1™ corridor can be done by the use of pedestrian over-
passes.

Currently there are 3 BRT corridors under operation in Beijing. Corridor 2 and 3 were opened in
2008 for the Olympic games (Hidalgo, 2009). During this research, an extensive
data/information search on Beijing BRT corridor 2 and 3 was performed in various scientific
publication, electronic journals, electronic newspapers, web-blogs, several web-pages of the or-
ganisations involved in Beijing BRT (e.g. ITDP web-side), etc. However, it was surprising to
discover that few technical data on these corridors are available for public and this information
was found only in couple of sources, i.e. Chinabrt, (2009) and Hidalgo, (2009). All data found
are summarised in Annex C,. There were no studies found on the performance evaluation of
these corridors that could help to determine which practices from the 1 BRT corridor operation
were used for the construction and operation of corridor 2 and 3. Due to the lack of information,
these practices cannot be determined.

116 70% of respondents questioned by Zheng & Jiaging, (2007). The exact number of respondents participating in the
questionnaire is not identified in that article.

7" During the operation in the peak hours, the full loading rate of one BRT bus reached up to 130%, that is nearly
two times more than the average full load of these buses (Zheng & Jiaqing, 2007).

ECN-0--11-013 59



8.3 Evaluation of the currently operating Beijing BRT system

The availability of technical data on the entire Beijing BRT system enables to perform the
evaluation of this system by applying the new developed methodology. Evaluation results are
shown in Table 8.2 and discussed afterwards in the text, similar to TransJakarta and Delhi BRT
case studies.

Table 8.2 Evaluation results of Beijing BRT by applying new developed methodology

. Criteria Policy/country Certainty of | Ref
bli/[allr(l Beijing BRT evaluation 18
OCKS (China)

Reduction of local pollution LDA,LA 1-5
\ Jg | Reduction of noise level in urban areas LDA
<@ | Contribution to CO, reduction LDA, LA 1-5
Increased road safety LDA, LA 4;7

Equity LDA, HA [ 2:4;5

Travel convenience HDA, HA 5-8

Revenues/costs ratio LDA,LA | 3:4;5

Reduced congestion HDA, LA 1;2;4
Creation of new job market LDA 4;5

Reduction of local pollution (NOx, PM, CO & SO,) and contribution to CO; reduction. During
this research there were no data found on local air pollution reduction as a result of Beijing BRT
implementation. However, the following facts on BRT operation were determined (see Annex
C; and C,). In the Beijing BRT system there are mainly low-emission vehicles in operation,
which comply to EURO-III emission standard, which is an improvement compared to conven-
tional buses. Together with the BRT system opening, several conventional bus routes were
closed'"’, reducing the amount of conventional buses on the roads. The average speed of bus
transit on BRT corridors increased in comparison to a mixed traffic speed. Next to it, the effi-
ciency of the bus transit improved, compared to conventional buses, since the high capacity
BRT buses were integrated in the system (see Section 8.2). Since Beijing BRT opening, the mo-
dal shift to public transport was observed. According to Kangming (2006), it is predicted that by
2010 the share of public transport would increase to 40% (in 2005 it was 29.8%, see Section
8.1), that indicates a transition to a more sustainable transport system Based on the analysis of
mentioned facts, the BRT contribution to ‘reduction of local pollution’ and ‘CO, emission re-
duction’ was evaluated as ‘high’.

Reduction of the noise level in urban areas. There were no data available on this aspect as well.
From the literature study performed it is only know that BRT corridor is constructed in the city
centre with a segregated BRT lane in the middle of the road. None of the literature sources ana-
lysed in this research contained information about the installation of sound barriers along the
corridor or other noise-preventive measures. Even though several conventional bus routes were
closed due to the integration of BRT system, it is hard to estimate whether this contributed to a

118 (1) Hidalgo, 2009; (2) Chinabrt, 2009; (3) Tyrer, 2007; (4) Darido, 2006; (5) Zheng & Jiaqing, 2007; (6) Kang-
ming, 2006; (7) Deng & Nelson, 2010; (8) Kangming, 2006; (9) Macario & Marques, 2008.

With the opening of the Beijing BRT 1*' corridor (Line 1), three regular bus routed were discontinued and two
routes were shorted to serve mainly as a feeder service to BRT corridor. Two other conventional bus routes were
realigned to provide public transit service in Beijing’s neighbourhood areas where this service was not available
(Darido, 2006). As the result of this policy, about 300 standard buses were eliminated in the BRT corridor (in a
mixed traffic lane), which resulted in high energy savings and environmental benefits. However, the elimination
of the conventional buses caused serious overcrowding in the new BRT vehicles and at the BRT stations. Due to
the high commuter ridership and the lack of BRT buses for operation in the corridor, a regular bus route (parallel
to BRT lane) was restored and 25 conventional buses were added to this route in order to unload BRT service
(Darido, 2006).
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reduction of the noise level, since new BRT vehicles were added on the roads instead of con-
ventional buses. Due to the lack of data, this field cannot be evaluated and, according to the
evaluation methodology, it was marked as ‘n/a’.

Increased road safety. Commuters can access BRT station only by the use of overpasses, as
BRT lane is physically segregated from the mixed traffic (Darido, 2006 and Deng & Nelson,
2010; this information was available only for corridor 1, see Annex C,). Due to this, pedestrians
do not have to cross the mixed traffic lane to reach BRT station, which makes their transporta-
tion safer. Based on this fact, Beijing BRT contribution to road safety increase was evaluated as
‘high’. However, there were no precise data in literature on road safety improvement since the
introduction of BRT in Beijing.

Equity. Considering general affordability of public transit service, BRT system didn’t make it
more affordable to low-income people. Transportation fare in new air-conditioned BRT buses is
2 yuan (USS$ 0.29) per person per trip. Compared to the regular bus fare of 1 yuan, BRT transit
became more expensive. On the other hand, BRT transit is still cheaper than metro service
(metro fare is 3 yuan'?). From this perspective, for faster and more comfortable transportation
(compared to a conventional bus service) low-income people would rather choose for BRT than
for metro service'”'. Besides the price for transportation, service accessibility for disabled peo-
ple was also taken into consideration when evaluating BRT contribution to ‘equity’. As the re-
sults from literature study show, in Beijing BRT physically disabled people (in a wheelchair) do
not have access to the stations, as pedestrian overpasses have to be used to reach the station
(Chinabrt, 2009). However, this group of people was limited to public bus service even before
introduction of BRT, as conventional buses were not ‘low floor’ buses, that would enable ‘easy’
transportation of people in a wheelchair. From this perspective, BRT didn’t contribute to equity
in the use of public transportation service, but it improved the conventional bus service and
made it more affordable than the metro.

No information on segregated bicycle lanes integration in Beijing BRT system was found. From
this perspective, it is rather hard to evaluate, whether Beijing BRT improved travelling possi-
bilities for people, who use bicycle as the main mode of transportation. Road conditions for pe-
destrians, though, have improved (Chinbrt, 2009). Taking into consideration all factors dis-
cussed, Beijing BRT contribution to ‘equity’ was evaluated as ‘’moderate’.

Travel convenience. According to the survey performed by Deng & Nelson (2010) Beijing
BRT, especially BRT line 1, significantly improved accessibility and travel convenience of
commuters. This information is consistent with other literature sources, such as Zheng &
Jiaqing, (2007). Increased speed of bus transit, leading to a reduced commuters’ travel time at-
tracted more people to use BRT service and resulted in a high daily service ridership (see Annex
C,). From commuters’ behavioural perspective, travel time and comfort are main factors (to-
gether with a price) which can affect commuter’s behaviour and particularly a choice for a
transportation mode (chapter 2). Currently public transport modal share is growing and it is pro-
jected to reach 40% this year (see footnote 118). However, in peak hours BRT vehicles are
overcrowded and BRT bus fleet capacity does not meet the demand for the service (Zheng &
Jiaqing, 2007). Nevertheless, in this case study, Beijing BRT contribution to ‘travel conven-
ience’ was evaluated as ‘high’.

Revenues/costs ratio for Beijing BRT was calculated in a similar way as in TransJakarta and
Delhi BRT (see Section 6.3 and 7.3). Investment in the Beijing BRT system per km was about
US$ 5.8 million, however, this data was available only for the 1** BRT corridor (see Annex C)).
The costs for transportation in BRT system are $0.29 per trip. In general there are about 100,000

120 price information on different public transit modes is taken from Darido, (2006).

12l Since BRT provides a cheaper transit option than metro, and it is more comfortable and faster than conventional
bus, from financial perspective, people would choose to pay less and have a better service. Therefore, most likely,
that they will choose BRT (see Chapter 2 for more discussion on people’s transportation behaviour).
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commuters in corridor 1 per day (system operates 18 hours, from 5:00 to 23:00; Tyrer, 2007). It
is known that in corridor 2 & 3 (together) there are in average 2000 passengers commuting per
hour per direction in peak hours (Chinabrt, 2009), that is about 2 times less than in the 1* BRT
corridor (see Annex C; and C,). Based on this fact it was assumed that 50,000 commuters/day
(in total) are using BRT 2&3 corridors. In this way, there would be about 150,000 commuters
altogether transferred by the use of Beijing BRT.

The total length of Beijing BRT is about 34.5 km (Annex C,). Therefore, total investment costs
in the system would be about US$ 203 million. Assuming that the system is operating 365
days/year, the revenue from operation on yearly basis be ($ 0.29*%150,000%365) US$ 15.88 mil-
lion/year or 7.8% of the total investment, which results in a simple pay-back time of the BRT
system of about 12.8 years'*>. Compared to Beijing’s subway, particularly to Line 4, its payback
time is about 22.5 years (Zheng & Jiaqing, 2007), which is 2 time higher than the current BRT
system This line is 28.9 km long and therefore comparable to Beijing BRT. However, compared
to other BRT systems evaluated in this research, Beijing BRT has the longest pay-pack time and
the highest system investment costs per kilometre. Based on the analysis made, the ‘reve-
nues/costs ratio’ was evaluated as ‘moderate’.

Congestion reduction. Based on literature (Zheng & Jiaqing, 2007; Darido, 2006) the average
traffic speed on BRT corridors (corridor 1 in particular) increased in comparison to the average
traffic speed in city centre of Beijing. The speed of BRT buses on the 1* corridor reaches more
than 20 km/h (up to 26 km/h, Annex C,). Corridor 2 & 3, however, operate under lower com-
mercial speeds (about 17 km/h and 14 km/h in average, Annex C,), which is still higher than the
speed in a mixed traffic in the city centre (10-12 km/h; Darido, 2006; Tyrer, 2007). Increased
transportation speeds consequently resulted in a decreasing level of congestion'” and passenger
travel time reduction of about 40% (see Section 8.2). Due to this Beijing BRT contribution to
‘congestion reduction’ was evaluated as ‘high’.

Creation of new job market. There were no precise data found on this indicator during the litera-
ture study performed, therefore, it is hard to carry out an objective evaluation of this criterion.
According to the methodology, Beijing BRT contribution to a ‘creation of new job market’ was
not evaluated.

Results from the evaluation of Beijing BRT, as presented in Table 8.2, are consistent with the
definition of a ‘successful’ BRT system (Section 4.2).

The general obstacle for Beijing BRT evaluation, as well as for the evaluation of other BRT sys-
tems in Asia, was the lack of data. According to Wright (2005), monitoring of the system per-
formance is one of the crucial steps in BRT implementation'**. Without a proper monitoring and
data collection step it is rather hard to identify which parts of the system are of a good perform-
ance, which part are not functioning well and what has to be changed and/or improved. In Bei-
jing BRT case, environmental and economical data are lacking the most. Data availability par-
ticularly concerns the operation of 2 and 3 BRT corridors. Based on this, it can be concluded
that system monitoring and results’ reporting with data accessibility for public need to be sig-
nificantly improved

122 No system’s operational costs and discounting of future revenues was considered in this calculations (see evalua-

tion methodology in section 4.2).

Precise information on this particular indicator was not found.

Citation from Wright, (2005): “To obtain an objective and quantifiable indication of a system’s overall perform-
ance, a defined monitoring and evaluation plan is fundamental. The feedback from such a plan can help to iden-
tify system strengths as well as weaknesses requiring corrective action”.

123
124
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8.4 Factors that impeded/facilitated the performance of Beijing BRT

The most important factors contributing to a successful Beijing BRT system’s implementation
and performance were: strong political support; well-integrated institutional setup; knowledge-
able planning teams and support from international institution and non-governmental organisa-
tions (Hossain, 2006; Chang, 2005; Matsumoto, 2007; Darido, 2006).

The initiation of the China Sustainable Energy Program (CSEP) by international organisations
was the first fundamental step to BRT system integration in Beijing (Hossain, 2006). The En-
ergy Foundation together with Hewlett-Packard Foundation provided grants to BRT study
teams, technical support and a full-time consultants for BRT development (Hossain, 2006; Ma-
tsumoto, 2007). Institute for Transportation and Development Policy (ITDP) together with
World Resources Institute (WRI)/Embarq were supporting and advising local governmental in-
stitution in transportation policy planning (Darido, 2006). However, one of the main factors for
BRT introduction in Beijing was the support from the Mayor of Beijing (by accepting BRT
plans for implementation). According to Matsumoto (2007), Mayors in China have high influ-
ence on transportation planning and budget allocation.

One of the reasons why the Mayor of Beijing strongly supported BRT implementation could be
the fact that in the beginning of 21* century urban public transport became a key strategic objec-
tive of the Chinese government to tackle the congestion and air quality problems of the country
(see discussion in Section 8.1). However, no other reasons that would explain a strong Mayor’s
support for BRT system integration in Beijing were found.
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9. Result analysis

The analysis of the results obtained during the BRT case studies will begin with the discussion
of the common aspects of the 1** BRT corridors.

In order to be able to make a meaningful comparison between BRT corridors together, these
corridor have to have some common characteristics. In case of TransJakarta, Delhi BRT and
Beijing BRT, 1* corridors represented the initial stage of BRT system operation and these corri-
dors are of the similar length. Considering the fact that these corridors are also implemented in
the cities with similar characteristics (i.e. population density) and similar patterns of transport
system in these cities, the analysis and comparison of the performance'” of those corridors
could be made.

The analysis (see Section 6.1, 7.1 and 8.1) showed that the operation of TransJakarta, Beijing
and Delhi 1* BRT corridors improved traffic speed for bus transit and consequently reduced
travel time for bus commuters'®’, in this way initiating a modal shift from private cars to public
bus transit. However, all these corridors also had similar negative aspects. Lack of BRT vehicles
on the corridor and low vehicle’s capacity resulted in overcrowded buses, causing travel dis-
comfort for passengers and fast deterioration of the new road infrastructure. All these corridors
lacked a proper integration into city’s transport system (e.g. feeder services, parking facilities
for cars and bicycles next to BRT stations, etc) and system’s control. Particularly in case of
Delhi BRT, as well as in TransJakarta, no strict regulations and punishments for personal vehi-
cles entering the BRT corridor were introduced.

Even though the initial stage of operation in all BRT systems was characterised by several nega-
tive aspects, which were similar in all cases, the evaluation showed that these systems can turn
out successful (i.e. TransJakarta). Therefore, it is important to monitor the system performance
and conduct evaluation studies, in order to identify problems and draw lessons for the future ex-
pansion and improvement of a particular BRT system.

The new methodology, which was developed in this research (see Section 4.2), was applicable
for the selected BRT systems evaluation on their successfulness. The initial purpose of the
evaluation was not to give a final score to a particular BRT system, but to create a general ‘pic-
ture’ of this BRT performance on the three sustainability dimensions. As shown in Table 9.1,
the final results from all selected BRT system evaluation represents the general ‘picture’ of BRT
performance, meaning that the goal of the evaluation was achieved.

According to this methodology a BRT system can be called ‘successful” when no ‘low/red’
evaluation mark is applied to any of the evaluation criteria and when more than 50% of the cri-
teria are evaluated as ‘high’.

125 Since the cities where the BRT systems are implemented are of the similar characteristics (see section 5.4) and
the patterns of transport system are also similar in these cities (see section 6.1, 7.1 and 8.1), altogether it provides
a common base for the BRT case studies comparison. Therefore, the influence of such factors as population den-
sity and modal split on the BRT systems performance will not be considered while analysis.

126 1p all case studies conducted in this research, public transportation is used by the largest part of commuters.
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Table 9.1 Summary of the results from BRT systems’ evaluation

. Criteria Policy/country
Main Trans- Cer- Delhi Cer- Beijing Cer-
blocks Jakarta tainty BRT tainty BRT tainty
Reduction of local pollution HD, HA | moderate | LD,LA
)\L Reduction of noise level LD n/a LD
Contribution to CO; reduction HD, HA | moderate | LD,LA

Increased road safety

Equity

Travel convenience

b4
-

Revenues/costs ratio

Reduced congestion

moderate

moderate

Creation of new job market

n/a

moderate

The evaluation results of the three currently operating BRT systems (Table 9.1) showed that
only TransJakarta and Beijing BRT systems can be called ‘successful’. It has to be considered
that these BRTs, compared to Delhi BRT, are also more expanded systems, consisting of several
BRT corridors, which have been in operation for a longer time period. Delhi BRT currently
consists of one single corridor, meaning that this BRT is still in its initial stage of operation.
This is the main reason why this system does not have proper functioning yet.

In 2009, D. Hidalgo performed the assessment of the Delhi BRT functioning and his main ob-
servation was that the Delhi BRT is still evolving system, but it has succeeded in meeting some
of BRT key objectives: “it is moving a mass of people at a greater speed and has succeeded in
reducing the average person delay” (reported in Rawat, 2009). Hidalgo in his research, though,
does not perform an evaluation on how successful Delhi BRT is, but identifies only the main
problems with system’s functioning.

Considering the level of uncertainty of the evaluation results, success of TransJakarta BRT is
more certain than in case of Beijing BRT, which is the result of higher data availability on
TransJakarta BRT and higher agreement between those data. Data availability on each BRT sys-
tem evaluated in this study was a major barrier that impeded a precise evaluation of the selected
BRT systems. Even though an extensive data/information search was performed in various sci-
entific publication, electronic journals, electronic newspapers, web-blogs, several web-pages of
the organisations involved in the selected BRTs, not always the necessary information could be
found. Due to the lack of data, several criteria such as ‘reduction of noise level’ and ‘creation of
new job market’ were not evaluated in most of the BRT case studies (see Table 9.1).

The evaluation results indicate that in general BRT systems in Jakarta, Beijing and Delhi was a
positive measure towards improvement of the transport system in those cities. It highly contrib-
uted to the reduction of local pollution and CO, emissions from transport sector, as well as the
road safety and equity of city’s inhabitants were increased. None of the evaluation criterion dur-
ing the performance of the case studies was given ‘low’ mark, indicating that only positive
changes towards more sustainable transport system were made.
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10. Conclusions

The evaluation results of the selected BRT case studies revealed the current problems and posi-
tive aspects of these BRT systems’ operation, creating knowledge, which can be applied for the
improvement of these system’s functioning as well as for the planning and implementing stages
of the new BRT systems in Asia. In this way, the main goal of this research was achieved.

Based on the results obtained from the evaluation of TransJakarta, Beijing BRT and Delhi BRT,
it can be concluded that these BRTs have contributed to improvement of the transport system in
these cities, ensuring a faster transfer of a majority of cities' inhabitants. However, all these sys-
tems still have several problems in operation and the most common problem is the lack of the
BRT system capacity.

The new methodology, which was developed in this research, was relevant and applicable for
the evaluation of the selected BRT systems on their successfulness. The selected BRT systems
were evaluated on sustainable development indicators, reflecting the performance of BRT on
environmental, social and economical dimensions. Fulfilling the selected indicators, BRT sys-
tems were considered successful. Applying this methodology, two selected BRT systems, i.e.
TransJakarta and Beijing BRT were evaluated as ‘successful’.

Answering the main research question, during the performance of TransJakarta, Beijing BRT

and Delhi BRT case studies it was found that in order to be successfully applicable in large de-

veloping Asian cities BRT systems have to fulfil several conditions. These conditions can be

summarised as follows:

e Support from government and international organisations in BRT system planning and im-
plementation.

e Careful planning of the new BRT system, using up to date information and research in the
project planning stage.

e Integration of the new BRT system with the other transport modes in the cities (i.e. bus,
metro and NMT).

e Complementation of BRT policy with the other policies (i.e. ‘3-in-1" policy in Jakarta, see
Section 6.1).

e System monitoring and data reporting.

The results obtained from the evaluation are in line with the other researches.

This research was performed by applying three integrated ex-post policy evaluation approaches:
case-study evaluation, goal-free evaluation together with elements of multi-criteria analysis.
These approaches were the most suitable for the evaluation of the BRT systems, showing satis-
factory results that can be used in the future for the improvement of these systems’ operation.

Last but not least, during this study it was found that people’s transportation behaviour can have
a significant impact on the transport system performance. Therefore when implementing a new
BRT system or another transport policy in a particular city, it is important to take transportation
behaviour of people into consideration and perform in-depth research for understanding how
several factors (e.g., travel time, costs and comfort) can influence the performance of the new
system/policy.
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11.  Recommendations
In this chapter several recommendations for further research are given.

First, it is advised to perform a similar evaluation research on other BRT systems in other de-
veloping countries in the world, in order to broader the knowledge obtained. It is also recom-
mended to perform a similar evaluation for other transport policies besides BRT. The new
evaluation methodology, which was developed in this research, was designed to be applicable
for the evaluation of variety of transport policies. However, this methodology in the current re-
search was applied specifically for BRT evaluation. Therefore, it is advised to test this method-
ology for the evaluation of the other transport policies.

Data availability on BRT system performance was the main barrier of this research. Therefore it
is advised to pay more attention on BRT system’s monitoring phase in Asian countries and en-
sure transparent data reporting with public access to these data. This could significantly reduce
the amount of time spent on data search, as well as to improve the level of certainty of the re-
sults obtained from the evaluation.

At last, it is recommended to extend the current research and make it more complete by per-

forming a field-study research, involving interviews of BRT stakeholders, BRT commuters and
make observations of the BRT functioning on its corridors.
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Appendix A Additional information on TransJakarta BRT case

study

This annex consists out of several sub-annexes, respectively, Annexes A.1 - A.3, containing dif-
ferent technical data on TransJakarta 1 corridor performance, as well as on the entire TransJa-
karta system performance.

A.1 Main elements and technical data on TransJakarta 1% corridor

Table A.1 Elements for TransJakarta 1° corridor

System components

TransJakarta 1% corridor ‘Block M-Kota’

Stations

Vehicles

Service frequency

Route structure
Fair collection

Investment costs
ITs'’

System integration

The stations are located on the side of the road (median busway) and ensure
at-level boarding (1).Stations are equipped with sliding doors (2) and are
fully weather -protected (3). Pedestrians can access the bus stops by the use
of overpasses (1;2).

Air-conditioned non-articulated (12 m long with 1 doors), low capacity
(85pax), diesel buses (1-3). In total 56 buses are operating on the 1** corridor
(1;4).

Buses are running on the corridor with 2-3 minutes interval in peak hours
and 3 to 4 minute off-peak (1). Currently the 1* corridor is carrying about
60.000 passengers per day (4). BRT corridor is opened from 5:00 till 22:00
(1;2).

The route structure is simple, consisting out or one segregated lane (1)
Electronic fare collection system (the use of ‘smart cards’) is integrated in
the BRT station (1;2), however, the service is still slow (2). Ticket price is
Rp. 3,500 ($ 0.39).

About US $ 1,35 million/km (5;6)

Buses are equipped with electronic board and speaker enabling the an-
nouncement of the stations in two languages (Indonesian and English) (1;2).
Each bus also has radio transceiver, that allows the driver to receive and give
updated information about e.g. traffic jams (2)

BRT terminal is not integrated with other modes (i.e. NMT). It also does not
have feeder service (1;7).

Note: (1) Matsumoto, 2007; (2) Wiki (2010b); (3) Chinabrt (2009); (4) Alvinsyah & Zulkati (2005); (5) Caldes,
2007; (6) Hidalgo et al., 2007. (7) Hook, 2005.

127 1TS - Intelligent Transportation System, as defined in Answers.com (2010), is: “The application of advanced
technologies to surface transportation problems, including traffic and transportation management, travel demand
management, advanced public transportation management, electronic payment, commercial vehicle operations,
emergency services management, and advanced vehicle control and safety systems”. In general ITS adds infor-
mation and communication technologies to vehicles and transport infrastructure.
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Tabel A.2 Technical data on TransJakarta I* corridor

Name TransJakarta (1st corridor)
Evaluated corridor (Nr) 1 Hidalgo, (2009)
Planned number of corridors 15 Chinabrt, (2009)
Existing bus ways, km 12.9 Hidalgo, (2009)
Planned total ways, km 172 (for 10 corridors) Dalkmann, (2010)
Number of shelters (stations) 20 TransJakarta, (2010).
Average distance between stations, m 250-860 Rini, (2003); Caldes, (2007)
Short description of busses One door, 12 m, 85 Chinabrt, (2009);
passengers, diesel, Euro 2 Matsumoto, 2007
Number of buses in the system 56 Alvinsyah & Zulkati, (2005)
Frequency of busses/hour 25-30 buses (every 2-3 min) Hidalgo, (2009)
Passenger/day 60,000 Wright, (2005); ITDP(2005a)
Passengers/hour/direction (peak) 2,500 (demand is about ITDP (2005a); Hook, (2005).
4,000)
Electronic fare collection system yes
Costs, total capital costs 1.35 Caldes, (2007);
(infrastructure & equipment), ($/km)
Fares ($/passenger) 0.39 Caldes, (2007);
Commercial speed (km/hour) ~20 Alvinsyah & Zulkati, (2005)
Reduction travel time, % 50 Su tocri)d:’ai(,)(gb 08)

A.2 Technical on currently operating TransJakarta BRT system

Indicator BRT evaluated REF
Name Trans Jakarta
Year of commence 2004 Chinabrt, (2009)
Number of corridors 8 TransJakarta, (2010)
Planned number of corridors 15 Chinabrt, (2009)
Existing bus ways, km 124 Dalkmann, (2010); Chinabrt,
(2009)
Planned total ways, km 172 (for 10 corridors) Dalkmann, (2010)
Number of shelters (stations) 142 ITDP (2010)
Average distance between stations, m 250-860 Rini, (2003); Caldes, 2007
Number of buses in the system, total 426 (23 articulated, ITDP (2010); Chinabrt, (2009)
403 regular)
Frequency of busses/hour 4-30 buses (interval between Matsumoto, (2007); Wiranti,
buses: 2-15 min depending on (2009)
the corridor)
Passenger/day 230,000 Chinabrt, (2009)
Passengers per year 82,377,655 (total, year 2009) Dalkmann, (2010)
Passengers/hour/direction (peak) 3200-4000 Hidalgo et al., (2007); Chi-
nabrt, (2009)
Electronic fare collection system yes Caldes, 2007, Chinabrt, (2009)
Costs, total capital costs (infrastruc- 1.35 Hidalgo et al., (2007); Caldes,
ture & equipment), (million $/km) 2007
Fares ($/passenger) 0.39 Hidalgo et al., (2007),
Chinabrt, (2009)
Commercial speed (km/hour) 17 Hidalgo et al., (2007)
Reduction travel time, % 10-20 min ITDP (2008); Susilo et al.,
(2007)
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A.3 Calculations on emission reduction

TransJakarta BRT
Contribution to CO2 emissions

CO; reduction from BRT (2010) 37,000 tons ITDP, (2010);
Yunita (2008)

CO; emission from transport sector in Indonesia

(2010) 76 million tons  Parikesit, D. (2001

Population in Indonesia 240.27 million people =~ The WF, (2009)

Transport CO, emissions per capita in Indonesia

(2010) 0.32  tons COy/capita calculated

Population in Jakarta 8.8 million people Wiki, (2010b)

Total CO, from transport in Jakarta (2010) 2.78  million tons CO, calculated

TransJakarta BRT contribution to transport CO,

reduction in Jakarta 1.33 %o calculated

Contribution to NO, and SO, emissions

NOx in Indonesia (from all sectors) projections for 3.2 million tons

2015

Population in Indonesia 240.27  million people
kg

NOx per capita 13.32  NOx/cap/year

Population in Jakarta 8.8 million people

NOx (total) Jakarta 117,201.5 tons

Vehicle emissions contribution to total emission
loads in Jakarta (projections for 2015):

-NOx 71 %
Transport NOx emissions in Jakarta 83,213.1 tons
NOx reduction by Transjakarta BRT 386 tons
Transjakarta contribution to NOx reduction from 0.46 %

transport sector in Jakarta

Susandi, (2004).
The WF, (2009)

calculated
Wiki (2010b)
calculated

Syahril, et al.,
(2002)
calculated
Yunita, (2008)
calculated
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Appendix B Additional information on Delhi BRT case study

This annex consists out of several sub-annexes, respectively, Annexes B, - Bs, containing addi-
tional information on Delhi BRT case study.

B.1 Air pollution levels and concentrations in Delhi

Air pollution sources in Delhi and their contribution (in %) to the air since 1970 till 2001, as re-
ports GOI (2003) are summarised in Table B.1.

Table B.1 Sources of Pollution: The contribution of industrial (including thermal power
plants), vehicular and domestic sources of pollution to the air

Source 1970-71 1980-81 1990-91 2000-01
Industrial 56% 40% 29% 20%
Vehicular 23% 42% 04% 72%
Domestic 21% 18% 7% 8%

Source: GOI, 2003.

Air-born concentration data for major air pollutants in Delhi, such as PM,o, NOy, CO and SOy,
over the period 2000-2006, are summarised in Table B.2.

Tabel B.2 Air-born concentration data for major air pollutants in Delhi over the period 2000-

2006
Pollutant Duaily concentration Annual standard (pg m) Dualy standard
Meuan Std. Dev, (pgm )
FM1O 234 pgm 125 60 100 pgm™ " 24 Hr
N0, BOpzm ™ 23 60 BOpgm " M Hr
o 345mgm 262 = 2mgm " 8Hr
S0, 10.9pgm ™ 4.3 60 BOpgm ™ 24 Hr

Annual and 24-h stundards are shown for areas classified by CPCB as restdential zones. The 24-Hr standard (3 Hr for CO) s not to be
excecded 98% of the time. Exceedances are allowed 2% of the time but not on 2 consecutive days.

Source: Kandlikar, 2007

From Table B; can be seen that PMj, pollution levels over six year time period were extremely
high and the annual mean PM;, concentration exceeded almost four times the allowed standard.
It has to be mentioned, that the 24 hour (Hr) standard during 2000-2006 was exceeded 80% of
days, when the allowed limit for the 24 Hr standard is only 2%. (Kandlikar, 2007). 80% of
Delhi’s PM10 emissions, though, result from industrial sources (including power plants) and
only about 15% originate from transport sector (Kandlikar, 2007). Considering NOx emissions,
Table B, data indicate that annual mean concentration of this component was also above the an-
nual standard. As Kandlikar (2007) report, this standard was exceeded 50% of the time. Vehicu-
lar traffic is the major sources (>80% of NOx emissions in Delhi (Kandlikar, 2007).

The annual average SOx concentrations, as shown in Table B,, were the only pollutant below
the annual and daily standards. The main source of SOx emissions in Delhi is power production
sector; 70% of these emissions are produced by three coal power plants. The reduction of diesel
fuel utilisation in Delhi transportation fleet (replacing diesel fuel in public transport with CNG
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since 2002; Kumari et al., 2007) as well as utilisation of low diesel in Delhi (sulphur content of
< 350ppm) resulted in low impact of transport sector on the concentration of this pollutant in the
air. It has to be mentioned that in March 2010 Delhi became the first Indian city, which started
utilising ultra-low sulphur diesel (sulphur content of 50 ppm). The quality of this diesel is close
to European fuel quality (PTIL, 2010).

For CO emissions, which are mainly produced from transportation sector (>86%; Kandlikar,
2007), the 8Hr standard during 2000-2006 was exceeded 80% of the time.

In summary, the daily data on Delhi emission concentration show that standards for PM10, NOx
and CO, during 2000-2006 are considerably violated with the exception of SOx standards.

B.2 Technical data on Delhi BRT

Technical data on BRT system, Delhi 1** corridor

Indicator BRT evaluated REF
Name Delhi BRT
Evaluated corridor (Nr) 1
Planned number of corridors 26 DIMTS, 2008
Existing bus ways, km 14.5km (only 5.6 in operation) DIMTS, 2009; Thole, 2008
Planned total ways, km (1)294; (2) 310 (1) DIMTS, 2008;
(2) DIMTS, 2010a
Number of shelters (stations) 29 (only 9 in operation) DIMTS, 2008; Thole, 2008
Short description of busses Tata Marcopolo buses, CNG, low ITDP, 2008a
floors, no info found on bus capacity
Number of buses in the system about 500 Bhatia & Jain, 2009; Hidalgo,
2009
Passenger/day
Passengers/hour/direction 12,000 (during peak time) DIMTS, 2010; DIMTS, 2008,
(both directions) Thole, 2008; EMBARQ, 2009
Electronic fare collection system no Concluded from literature study
performed
Costs, total capital costs (infrastruc-(1) $ 2.5 million (estimated), real 1st (1) DIMTS, 2008
ture & equipment), ($/km) corridor costs/km - $ 3.3million (2) EMBARAQ, 2009
(2) $ 2.98 million/km
Fares ($/passenger) $0.21 - $0.53 DTC, 2010
Commercial speed, km/h 18 EMBARQ, 2009; Rawat, 2009
Reduction travel time, % 35% ENS, 2009, Rawat, 2009,
DIMTS, 2010
Frequency, busses/hour (1) 120; (2) 200-250 (1)EMBARQ, 2009;

(2) Narain, 2009; DIMTS, 2010

B.3 Additional aspects on Delhi BRT system operation.

There were several aspects identified, which were considered while Delhi BRT performance
evaluation process but were not discussed under the main analysis of the evaluation results.
These aspects concern (1) bus operation, (2) lane discipline and (3) infrastructure.

1) Considering bus operation, a problem with untrained drivers emerged on BRT corridor
(DIMTS, 2010). The bus operation was reported to be inefficient due to a lack of training
among the bus drivers. Drivers in Delhi transportation system are frequently changing in
different routes; as a result many untrained drivers are operating on daily basis in the corri-
dor.
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3)
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Lane discipline is also an important issue to mention. Even though only bus operation is
allowed in a special bus lane, numbers of vehicles (cars and scooters) are entering this lane
on daily basis, which has to be prevented in order to increase the performance of the sys-
tem. However, at the moment there are no regulations existing to insure strict lane disci-

pline (DIMTS, 2008, 2010).

Besides all concerns mentioned, Delhi BRT system is also lacking a supportive infrastruc-

ture, such as parking facilities close to BRT corridor and flyovers (FOV)/subways that

would make it easier for commuters to switch from car use to BRT.

e The parking facilities at key intersection points would enable commuters to drive till the
bus corridor and switch to BRT for the remaining part of their journey. In such a way,
parking facilities could compensate for feeder services (DIMTS, 2010).

e FOVs are needed as pedestrian crossing facilities in order to ensure safe crossing of the
corridor and reduce traffic disturbance in the other lanes of the road by BRT users (as
well as eliminating the number of jaywalking pedestrians).
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Appendix C Additional information on Beijing BRT case study

This annex consists out of several sub-annexes, respectively, Annexes C.1 and C.2, containing
additional information on Beijing BRT case study.

C.1 Main elements and technical data on Beijing’s BRT 1% corridor

Main elements of Beijing BRT 1* corridor'*®

System components ~ Beijing’s BRT 1* corridor (Southern Axis BRT Line One)

Stations The stations are located in the middle of the roads, away from intersections

(1;2). Stations ensure at-level boarding (3), newer stations have sliding doors
(3). Pedestrians can access the bus stops by the use of overpasses (1;2).

Vehicles Low floor, air-conditioned articulated (18.3 m long with 3 doors), high ca-

pacity (180 people'), CNG buses (3;4). Bus average cost: about
US$250,000 (2). In total 87 buses with this characteristics operating on the
1** corridor (5).

Service frequency About 55 buses/hour (both directions) with about 2-3 minutes interval (1;5).
Currently the 1% corridor is carrying about 120,000 passengers per day (5)

Route structure The route structure is simple, consisting of or one segregated lane (3.5 m in
width).

Fare collection Pre-board fare collection system, which is done at the ticket counter at the

entrance to the station (1;3). There are one or more attendants controlling
ticket sales (2). Ticket price is 2 yuan ($ 0.29).

Investment costs About 38-40 million yuan/km'* (5.58-5.88 million US$/km) (2-4)
ITs™! Buses are equipped with GPS and electronic stop announcement system

(1;3). BRT has a signal priority at intersections (intelligent operation system
of traffic lights"'** 3). BRT stops are equipped with a real-time next bus in-
formation displays (3,4). There is a system control centre equipped with a
video surveillance (3).

System integration BRT terminal is located close to a subway station (1). However, there is no

tariff integration between subway and BRT. The main negative aspects of the
system integration are the following:

¢ 1o bicycle parking at BRT stations;

o disabled people (in wheelchair) are limited to access BRT station;

o no full weather protection at all stations (3).

128

129

130

131

132

Sources of information: (1) Matsumoto, 2007; (2) Darido, 2006; (3) Chinabrt, 2009; (4) Zheng & Jiaqing, 2007;
(5) Hidalgo, 2009.

Non-articulated bus capacity in average is about 60-85 passengers (Darido, 2006; The CTP, 2002).

Interesting to mention that according to Zheng & Jiaqing (2007): “the cost of Beijing BRT 1°' corridor is only
1/15 of Line 4 of Beijing Subway and the investment pay-back period of BRT 1% corridor is 9.5 years while that
of the Line 4 of Beijing Subway is 22.5 years”.

ITS - Intelligent Transportation System, as defined in Answers.com (2010), is: “The application of advanced
technologies to surface transportation problems, including traffic and transportation management, travel demand
management, advanced public transportation management, electronic payment, commercial vehicle operations,
emergency services management, and advanced vehicle control and safety systems”. In general ITS adds infor-
mation and communication technologies to vehicles and transport infrastructure.

Citation from Zheng & Jiaqing (2007): “if the BRT vehicle arrives at the intersection when the green light is on,
the time of the green light will be extended to allow the BRT vehicles to pass though the intersection. However, if
the BRT vehicle arrives at the intersection when the red light is on, the red signal will not be shortened owing to
the security consideration for pedestrians to cross the street”.
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Technical data on Beijing’s 1°' corridor performance

Technical data on BRT system, Beijing 1*' corridor

Indicator BRT evaluated REF
Name Beijing BRT
Evaluated corridor (Nr) 1
Existing bus ways, km 16 Hidalgo, 2009; Chinabrt,
2009; Zheng & Jiaqing, 2007
Planned total ways, km 323 Darido, 2006
Number of shelters (stations) 18 Hidalgo, 2009
Short description of busses Iveco buses, low-floor, CNG, Chinabrt, 2009; Zheng &
18.3 m long; average capacity of Jiaqing, 2007
180 person
Number of buses in the system 87 Hidalgo, 2009, Chinabrt,
2009, Zheng & Jiaqing, 2007
Passenger/day 100,000-120,000 Chinabrt, 2009, Hidalgo,
2009
Passengers/hour/direction 4,000-8,000 Hidalgo, 2009; Zheng &
Jiaqing, 2007, Chinabrt., 2009
Electronic fare collection system yes Darido, 2006, Chinabrt, 2009
Costs, total capital costs (infrastruc- (1) 40 million yuan/km ($ 5.88 (1) Chinabrt, 2009, Darido,
ture & equipment), ($/km) million) 2006
(2) 38 million yuan/km ($ 5,58 (2) Zheng & Jiaging, 2007
million)
Fares ($/passenger) $0.29 (2 yuan) Darido, 2006
Commercial speed, km/h (1) 25km/h (1) Zheng & Jiaqing, 2007;;
(2) 22-26 km/h (2) Darido, 2006
Travel time reduction , % 40 Zheng & Jiaqing, 2007,
Darido, 2006
Frequency, busses/hour 55 (both directions) Hidalgo, 2009; Chinabrt,
2009

C.2 Technical data on Beijing BRT

Indicator BRT evaluated REF
Name Beijing BRT
Number of corridors 3 Chinabrt, 2009
Existing bus ways, km 34.5 (segregated lane) Chinabrt, 2009
(14/9.5/11 km for corridor 1/2/3)
Planned total ways, km 323 Darido, 2006
Number of shelters (stations) 60 Chinabrt, 2009
(18/20/22 for corridor 1/2/3)
Average distance between stations, (940m/790m/1000m corridor Chinabrt, 2009
m 1/2/3)
Number of buses in the system 87 (special BRT buses, corridor Chinabrt, 2009
1 only)
Frequency of busses 55 (corridor 1) Chinabrt, 2009
~20 in corridor 2 and 3
Passenger/day 120,000 (only corridor 1) Chinabrt, 2009,
corridor 2 & 3 much less Hidalgo, 2009
(precise data not available)
Passengers/hour/direction ~ 2,000 (average in corridors Chinabrt, 2009,
2&3) Hidalgo, 2009
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Indicator BRT evaluated REF

Costs, total capital costs (infrastruc- (1) about 40 million yuan  Chinabrt, 2009; Darido, 2006,
ture & equipment), ($/km) (US $ 5.88 million) data Zheng & Jiaqing, 2007
available only for corridor 1)

BRT bus costs (public funds) 30.3 million USD

Fares ($/passenger) 2 yuan ($ 0.29) (Darido, 2006)

Commercial speed (average) 25 km/h in corridor 1 Chinabrt, 2009;

(km/hour) 17 km/h in corridor 2 Hidalgo, 2009
14 km/h in corridor 3
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Appendix D Set of indicators for the evaluation of BRT performance

This annex gives an overview of the indicators, which were selected in this research for the evaluation of the BRT performance on three sustainability dimen-
sions (environment, society and economics). These indicators were used for the evaluation of each selected BRT case study. Data availability on a particular
BRT case determined whether a certain indicator could be applied for the evaluation or not. For instance, if during the BRT case study evaluation there was no
information found on a particular indicator, this indicator could no longer be applied for this BRT case study evaluation. The application of indicators below is
discussed in more details in Chapter 4.

BRT evaluation indicators (evaluated

Eyalqatlon after BRT implementation and Unit/Measure Why is it relevant to. tre;nsport policy Reference
criteria compared to situation before) evaluation?
Economical block
. . . Shows whether public transportation became
iﬁt:i\;enue/cost Mlnlme(l(l:(():;)tss.tsfofrogr[: :ts)};cgiag?g)o rtation EUR/trip more affordable for population (in general) NZMT, 2009
after a particular policy implementation.
Capital investment in BRT construction EUR/km Indicator of policy financial input. NZMT, 2009
Operational/maintenance costs EUR | e R NZMT, 2009
Congestion This indicator can be applied to estimate
reduction Change in morning congestion %( minutes delay per km) how introduction of BRT influenced the NZMT, 2009
level of congestion in the morning hours.
This indicator can be applied to estimate
Change in evening congestion % (minutes delay per km) how introduction of BRT influenced the NZMT, 2009;
level of congestion in the evening hours. Goh, 2002
) This indicator gives a general impression of
General change in road passenger scale: no changes/became less congestion changes in the transportation Goh. 2002
traffic congested/ became more system. Important when above indicators o
congested
cannot be measured.
Creation of new Availability of new jobs due to policy scale: no changes/increased Shows additional changes in
jobs implementation unemployment / increased societal/economical systems after a Goh, 2002
availability of new jobs particular policy implementation.
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Evaluation BRT evaluathn indicators '(evaluated . Why is it relevant to transport policy
. after BRT implementation and Unit/Measure . Reference
criteria o evaluation?
compared to situation before)
Societal block Important indicators, showing public
acceptance of BRT outcomes
Travel General public perception of BRT scale: excellent, very good; good; Gives overall picture whether similar NZMT, 2009; Moberoela,
convenience functioning poor; very poor; dreadful systems are beneficial and should be 2009
introduced more in the future in the
evaluated area.
'- Perception public transport scale: excellent, very good; good; " NZMT, 2009; Moberoela,
availability poor; very poor;dreadful | T T 2009
'- Perception of bus service reliability |scale: excellent, very good; good; " NZMT, 2009; Moberoela,
and frequency poor; very poor;dreadful [ T T 2009
'- Perception of bus service scale: excellent, very good; good; " NZMT, 2009; Moberoela,
accessibility poor; very poor;dreadful | T T 2009
" p . . scale: excellent, very good; good,; " NZMT, 2009; Moberoela,
- Perception of service comfort |77 T U TS ST SEEE L e e
poor; very poor; dreadful 2009
Reduction of travel time % (minutes) This indicator can be used to estimate how
after BRT implementation the personal time Goh, 2002
for transportation changed
Changes in modal split can indicate a
Changes in passenger transport modal o successful change towards modes that are [NZMT, 2009; Enoch, 2003;
split ° assumed to be more sustainable (e.g. public
transport)
assenger car ownership ) per 1000 . . Shows transportation mode switch tendency [NZMT, 2009; Enoch, 2003;
P ¢ populationp b %6 (vehicle /1000 population) after BRT implementation Walters, 2008
change in car occupancy (passenger o Shows the change in the effectiveness of
transported in one car) ° personal vehicle's use. VTPI, 2010
change in VKT (automobile) per capita| % (Vehicle km (all cars) /cap) Showing th:gggi:éiiiﬁfgjgg;e cars in the NZMT’\Z/(%%%, lgg?gh, 2003;
change in VKT (bus) per capita % (Vehicle km (all buses) /cap) Showing th:ea}gzigillieuzf rI; 1;2;2;6 cars in the author
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BRT evaluation indicators (evaluated

EYalqatlon after BRT implementation and Unit/Measure Why is it relevant to. transport policy Reference
criteria o evaluation?
compared to situation before)
Changes in energy consumption in road| % (MJ/ annual; % of total MJ Shows the expansion anq t.he demand growth Castillo & Pietfield, 2009
o (expressed as additional energy
transport sector consumed within the country) NN .
consumption) in the transportation sector
Equity General perception of transportation scale: no ghanges/became less Important indicator, shows public whether
expensive/became more ) author
costs . transportation became more affordable
expensive
Improvement of travel conditions for Scale: improved/no Important indicator, shows whether
physically disabled people changes/worsened transportation conditions for physically author
disabled people improved
Improvement of travel conditions for Scale: improved/no Important indicator, shows whether
NMT changes/worsened transportation conditions for NMT improved author
Indicators under this group give a general
increase in total footpath length % (km) impression of NMT improvement in the NZMT, 2009
evaluated area.
increase in total cycle length Yokm) | e e NZMT, 2009
. . . NZMT, 2009; Castillo &
o 1Tm) | o "o b b
increase in personal cycled distance % (km) Pictfield, 2009
. . . NZMT, 2009; Castillo &
o 1m | o " 2 2
increase in total walked distance % (km) Pietfield, 2009
Road safety % Show whether and to which extent the |NZMT, 2009; Enoch, 2003;
Changes in total annual road accidents transportation safety issues are changed after| Castillo & Pietfield, 2009
BRT implementation
. . % (number fatal accidents /10000 " Button, 1992; Vasconcellos,
Changes in fatal accidents |~~~ "7 T T T e
cars) (1996)
Change in annual deaths from road % (number of deaths/million w__ NZMT, 2009; Button, 1992
accidents per million people inhabitants’
Changes in annual number of injuries o " NZMT, 2009; Castillo &
from road accidents e Pietfield, 2009
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BRT evaluation indicators (evaluated

EYalqatlon after BRT implementation and Unit/Measure Why is it relevant to. transport policy Reference
criteria o evaluation?
compared to situation before)
[Environmental Indicators, showing environmental benefits
block from a modified transportation system
performance
[Noise level Change in noise level close to arterial 0 " NZMT, 2009; The ERF,
%dBA | e
routes 2004
Local pollution Changes in local pollution level in scale: wo'rsened/no ________ w__ NZMT, 2009
urban areas changes/improved
- Changes in emissions of PM10 and % (ug /m3) ________ w__ NZMT, 2009
PM2.5
'- Changes in emissions of NOx, NO o 3 "
and NO, % (ugm) | e e NZMT, 2009
'- Changes in emissions of CO %(ugm) [ e NZMT, 2009
'- Changes in emissions of SO, %(ugm) [ e e NZMT, 2009
'- Changes in emissions of HC %(ugm) [ e NZMT, 2009
o o S Gives a reference value. Against this value
Contribution to [Total country CO, emissions, (historical Mtons CO2 emission from transport sector can be The EC, 2009
CO, year) .
weighted.
Changes in transport CO, emissions % Shows the improvement of effe(':tlv.eness mn The EC, 2009
transportation system functioning.
Chanees in transport CO- emissions per Gives a deeper insight into CO2 emission
& P Km 2 P % (gCO»/km) reduction from transport sector in the The EC, 2009
evaluated area.
. o Gives a deeper insight into CO2 emission
(Changes in transport CO, emissions per % (tCOy/cap) reduction from transport sector in the The EC, 2009

capita

evaluated area.
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