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ABSTRACT

Public transport (PT) forms the foundation of sustainable transport, as it aims to maximise
accessibility and mobility options, and minimise externalities of transport sector (such as,
pollution, energy, and congestion), with an emphasis on providing social equity. However,
PT systems have to maintain a balance between providing a reasonably good level-of-service
(LoS) to the public, and doing so at affordable costs. The challenge also lies in providing a
high LoS so as to encourage passengers who use PT out of choice, but also in striving to be

affordable to the low-income population, who use PT primarily as captive users.

In current practice, LoS of PT systems is primarily measured by traditional operational
indicators, such as frequency of service (or headway), reliability, speeds, and fares. Three
major research gaps have been identified in this current research— a) lack of focus on safe
access to PT stops, b) lack of focus on perceived comfort measures (derived from passenger
demand), and c) lack of focus on perceptions of existing and potential users. This thesis aims

at developing a framework to determine a comprehensive LoS of urban bus systems.

In the context of this, LoS can be understood to be comprised of primarily two components—
a) current performance of the bus system, and b) perceptions of the existing and potential
users regarding the bus system. Delhi was selected as the case study. In order to assess the
current performance of the bus system, traditional operational indicators, such as headway,
reliability, and speeds, were measured. Reliability was measured in terms of travel time
variability (TTV) and headway variability (HV). For measuring speeds, link speeds were
estimated. Further, since perceived comfort measures are predominantly derived from

passenger demand, indicators pertaining to demand were also measured.

In order to include access-related indicators, quality of pedestrian access to bus stops, and
safety of pedestrians around bus stops were assessed. Quality of pedestrian access was
assessed by conducting pedestrian accessibility audits around a representative sample of 360
bus stops, determined by multi-criteria stratified random sampling. The Public Transport
Accessibility (PTA) toolkit was used, which has objective and measurable definitions for
rating the access indicators. For assessing safety of pedestrians around bus stops, scores from

the PTA toolkit were used, and secondary data regarding pedestrian fatalities in Delhi were



collected. Two Poisson regression models (with their geographically-weighted counterparts)
were developed to assess how pedestrian fatalities are associated with access to bus stops—
a) considering the fatalities where the impacting vehicle was known, and b) considering the

fatalities where the impacting vehicle was unknown (hit-and-run cases).

Perceptions of existing and potential users regarding the relative importance and current
satisfaction level perceived to be derived from the bus service in Delhi were assessed by
conducting stated-preference interviews at sampled locations. Multivariate ordered probit
models were developed for all the different user groups to assess the LoS perceived by them,

and also its determinants.

PTA scores for pedestrian accessibility were predominantly low across Delhi. There was
significant spatial clustering of the scores, indicating spatial disparity in the quality of
pedestrian infrastructure, which was found to be in tandem with the spatial disparity of
income levels. For the two safety models developed, geographically-weighted Poisson
regression performed better than their global Poisson counterparts. Overall improved access

was seen to be positively associated with fewer pedestrian fatalities.

On assessing reliability, it was found that majority of the links experience low TTV
throughout the day. HV was found to be critically high at more than 70% of the stops. As
majority of the stops were observed to experience low TTV, but critically high HV, it
indicates that congestion or other traffic conditions are not primarily responsible for high
unreliability of headways. Less than 15% of the links were found to suffer from congestion
conditions in the morning (average link speed less than 10 km/h), which increases to ~20% in
the off-peak and evening peak periods. High-speed conditions (over 40 km/h) were observed

for ~2% of the links only.

The indicators of average passenger volume, coefficient of flow variation, and coefficient of
passenger exchange represent the comfort conditions for the passengers along the entirety of
the route. It was found that longer routes were associated with higher passenger volumes and
lower coefficient of passenger exchange. High frequency routes were also associated with
higher passenger volumes, and had lower coefficient of flow variation. Thus, longer routes

and high frequency routes perform more efficiently in Delhi.
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Significant differences were observed in the perceptions of the respondents who were
existing bus users and those who were potential users. To improve bus service for existing
bus users, it is imperative to improve reliability and travel times, as these attributes were most
critical for them. On the other hand, to induce mode-shift by potential users, it is imperative
to improve lighting around bus stops, which was interestingly the least critical attribute for

the existing users.

Finally, based on the estimation of the current performance of the various indicators
developed to assess the LoS, and the perceptions of the user groups, a two-pronged strategy
for bus system reforms was recommended— a) a framework to identify the indicators which
need to be improved on priority, and b) scenario development to recommend how to improve
each indicator. To determine which indicator needed to be prioritised for improvement,
robust criteria for determining the stops with the poorest performance for each indicator was
recommended. This was assessed in combination with the users’ perceptions regarding the
indicator, to determine its priority. Finally, multiple scenarios were developed to suggest how
to improve each indicator, and the most practical scenario to implement for improving each

indicator was identified.

Reliability was found to be the most critical indicator, which needed improvements on a
priority. This was followed by the access-related indicators, and finally, travel time. For
improving reliability, it was recommended to make interventions based on high-demand and
low-performance routes, and for improving travel times, it was recommended to make
improvements by identifying corridors of congested links. The access-related indicators were

recommended to be improved on a case-by-case basis.

The framework developed and the results were discussed through a workshop with bus
operators belonging to various Indian cities. They found majority of the indicators developed
in this thesis to be important, and that these should be included to assess the performances of
their own operations. This reinforced the applicability and robustness of the framework. It is
advocated that the framework presented in this thesis can be applied for assessing the LoS of

bus systems in other cities, and also for assessing the LoS of metro systems.
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