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Abstract
Passenger transport systems are complex and comprise several inter-acting
subsystems. Besides, these systems are influenced by the external environment also. The
external environment is a very wide term and encompasses factors such as social and cultural
values, geography, demography, state of economy, tax regime and most importantly laws
and rules made by public authorities. Some of the parameters of the external environment
like social values, geography, climatic conditions etc. cannot be varied in the short to medium
term but some, like the laws, rules, taxes, number of buses, parking policies, fares of public
transport system, priorities etc. can be altered by the government. The latter category of
parameters- which are amenable to change by the government - constitutes the ‘policy
regime’. Any alteration in the policy regime impacts the transport scenario – modal mix,
journey speed, congestion in public transport as well as roads etc. Currently the decision
about the policy regime are taken in a rather adhoc and fragmented manner – the taxes are
decided by the need to generate more revenues, the bus fares are decided keeping in mind the
profitability of the bus companies, the parking fees are decided by the city governments
totally oblivious of its impact on passenger scenario and so on. The policy makers can be
enabled to adopt a systems approach instead of a fragmented one if they could be provided
with a model of the passenger transport system which helps them to assess the impact of any
change in the policy regime on the transport scenario. This research seeks to evolve a
mathematical model which would be able to estimate the impact of changes in the policy
parameters on the traffic scenario such as congestion on roads, modal mix, air pollution
caused by vehicles, traffic crash rate etc.
The research started with an extensive literature survey. Urban transportation is an
interdisciplinary subject of study and draws from different streams of science and arts namely
economic theory, mathematics and as well as operations research, human behaviour,
vii

environment science, transportation engineering, financial management etc. Concepts of
estimation of mode choice, value of travel time, quantification of externalities, organisational
structures, system dynamics and optimisation techniques formed the base for the current
study. The intricacies of the interactions between various subsystems in a transportation
network have been appreciated by the urban planners. The integrated land use transport
models were developed in the 1960s. These models evolved further subsequently. However,
the systems approach has not been widely used. Similarly researches into the impact of the
policy parameters on the transport scenario have been few.
Bangalore city, where bus is the dominant mode of public transport, was chosen for
development and testing of the model. The first step in development of the model was the
identification of the independent and the dependent variables. The independent variables are
the short term decision levers, namely - fares of the public transport system, the parking
charges, the price of fuel (determined by the tax on fuel) and the number of public buses on
road. The variables which describe the traffic scenario - the journey speed or the journey
speed, the modal mix and the congestion on road and in buses are taken as the dependent
variables. The travelling population was categorised into - persons not owning any motorised
means of transport, persons owning motorised 2 wheelers (2W) and persons owning
motorised 4 wheelers (4W). A survey was conducted and all travellers were grouped into an
income-trip length matrix, for each category.
The next step was to link the independent and the dependent variables through a
causal loop diagram. This involved use of several intermediate variables. The development of
the causal loop diagram led to two important discoveries. The journey speed in conventional
mode choice models is taken as given and constant. But through the causal loop diagram it
was revealed that the journey speed which is used in estimating the modal split cannot be
taken as ‘given’ but it is rather a function of the modal mix(number and type of vehicles
viii

present on the road) also. Similarly the cost of travel by bus is not constant. As the load factor
in the bus increases so does the cost of discomfort.
Once the causal loop diagram was complete representing all inter-relationships, the
next step was to derive a mathematical formulation for each link. For some of these relations
mathematical functions were available but for quite a few, empirical relations were required
to be estimated by carrying out actual observations/surveys. With all links getting defined
through mathematical equations the consequential task was to find a solution that would
satisfy all these equations. The large number of equations, their non linear nature and
voluminous data made recourse to computer inevitable. A heuristic solution methodology
was evolved and a computer programme was written accordingly. The computer programme
gave the journey speed, the number of 2W on road, the number of 4W on road, the number of
2W and 4W owners travelling in buses and the load factor in the buses for any combination
of the independent variables. From the values of the traffic scenario the external cost of
pollution could be worked out easily as secondary data was available from research which
converted the vehicle-kms into quantum of emissions and then to monetary value of health
impacts. Similarly with secondary data and research it was possible to estimate the cost of
crashes for any traffic scenario.
The mathematical model developed enabled one to study the impact of the different
decision levers, viz. i) Parking Charges, ii) Bus fare iii) Tax on Fuel and iv) No. of buses on
the roads. The impact on each one of these parameters was varied individually and jointly and
the traffic scenario on the road was obtained. The impact of variation in each one of these
decision variables on the journey speed and the load factor in buses was studied.
The model revealed that as the bus fare increases, the journey speed declines almost
linearly and so does the dynamic load factor of buses. Increase in fare pushes passengers
from buses to 2W and 4W thereby reducing the journey speeds. The dynamic load factor in
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the buses is a function of both journey speed as well as the number of passengers in the bus.
When a passenger in bus leaves and goes to 2W or 4W it reduces the number of passengers in
the buses and increases the congestion on road thereby reducing the journey speed and this in
turn increases the load factor in the bus. At lower speeds the effect of further reduction in
speed balances (or sometimes outweighs) the factor of vacancy created in the bus.
Increase in taxes on fuel increases the cost of travel by 2W and 4W leading to
increase in load factor in the bus as well as the journey speed. However, it needs to be
understood that there is a limit to load factor in buses as a bus has a limit on its capacity.
Once this limit of bus capacity is about to be breached, it is time to immediately increase the
number of buses on the road.
Using the model, the journey speed and the dynamic load factor in the buses were
worked out for different values of parking charges for 2 Wheelers (2W) and 4 Wheelers
(4W). As expected, an increase in the parking charges results in an increase in journey speed
and at the same time increase in the load factor in buses.
Varying the number of buses was tried through the model and the model gave results
on expected lines. More importantly it revealed that an initial increase in the number of buses
gives substantial increase in journey speed. It also indicated that there is an optimum number
of buses for a city.
Finally the traffic scenario was also obtained by changing all the decision variables
together. Thus the model was able to achieve the objective of making available a tool in the
hands of decision makers through which they would be able to evaluates the impact of their
decision and thus would be able to take better if not optimal decisions.This thesis has made
significant contribution to the available research literature on city passenger transport. In
precise terms following are the contributions:
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 Using the model, the decision makers can easily evaluate the impact of variation
in policy parameters. This model, with few adjustments can be used for any city.
 The present research would help all the organisations and the policy planners to
understand the complexities of urban transport systems. The entire city transport
system has been viewed with an integrated systems approach. An understanding
of the holistic approach adopted in the present research would force the
governments to rethink and evolve new structures to handle the passenger
transport in cities.
 This research has questioned the basic assumption in the traditional approach that
the journey speed is a given parameter in any mode choice analysis. The thrust of
this research is that the journey speed itself depends on the modal mix on the
roads and cannot be an independent variable. In the present research this
interdependence of the modal split and the journey speed has been duly factored
in.
This research has opened up a new frontier for further research. While developing the
model a number of assumptions were made to simplify the model. These assumptions may be
relaxed and more rigorous models can be developed. Secondly, for finding a solution a
heuristic approach was adopted. It should be possible to mathematically get the values of
journey speeds and load factors directly rather than deducing them through the heuristic
approach. This was necessitated because the systems model gave a set of large number of
equations which could not be solved simultaneously. Further research could be done to arrive
at a solution mathematically rather than relying on a heuristic approach which in fact was an
exhaustive enumeration approach which is not very efficient.

xi

Table of Contents
CERTIFICATE
ACKNOWLEDGEMENTS
ABSTRACT
CONTENTS
LIST OF FIGURES
LIST OF TABLES

iii
v
vii
xiii
xvii
xviii

Contents
Introduction

1

1.1

Background

1

1.2

4

1.3

The External Environment for Urban Passenger Transport System in
India
Passenger Transport Scenario in Bangalore

12

1.4

Problems and Issues in Bangalore City

17

1.5

Objectives of the Present Research

19

1.6

Research Methodology

23

1.7

Structure of the Thesis

25

Literature Survey

29

2.1

Basic Concepts of Urban Transport

29

2.2

Urban Transport –International Scenario

30

2.3

Economics Concepts in Urban Transport

32

2.4

Transport Cost Analysis

34

2.5

Congestion

46

2.6

Mode Split Models

48

2.7

Crowding in Buses

49

2.8

Systems Theory and Causal Loop Diagrams

51

2.9

Urban Transport Scenario in India

52

2.10

Urban Transport Policy

55

2.11

Conclusion

57

Chapter 1:

Chapter 2:

xiii

Chapter 3:

The Costs in Urban Transport

59

3.1

The Relevant Costs in Urban Transport

59

3.2

An Economic Firm Approach for Urban Transport

59

The Equilibrium Model

69

4.1

The Systems Approach.

69

4.2

The Equilibrium Model

74

4.3

Developing the Full Model Using a Systems Approach

77

4.4

The Casual Effect Diagram

81

4.5

Defining the Functions

85

4.6

Assumptions

88

Data Collection

95

5.1

The Trip Length and Income Matrix

95

5.2

Ascertaining the Number of Vehicles on Road

98

5.3

Estimating the other vehicular traffic

99

5.4

Traffic Density Journey Speed Relationship

100

5.5

Ascertaining Cost of Discomfort

102

5.6

Working out the Road Length

103

5.7

The Fare Chart

104

5.8

The capacity of each bus

104

5.9

Specific Fuel Consumption for 2W and 4W

104

5.10

Specific Fuel Consumption for Buses

105

5.11

Parking fees

106

5.12

Estimating the number of buses on road

106

5.13

Other estimates

107

A Computer Based Heuristic Approach to Arrive at the
Equilibrium.

109

6.1

The Algorithm

109

6.2

Estimating the Cost of Pollution

114

6.3

Estimating the External Costs of Crashes (Accidents)

117

Chapter 4

Chapter 5:

Chapter 6:

xiv

Chapter 7:

Results and Analysis

123

7.1

The Research Questions

123

7.2

Validation of the Model

123

7.3

Impact of Fare

124

7.4

Impact of Taxes

125

7.5

Impact of Parking charges

126

7.6

Impact of Number of Buses

127

7.7

Estimating the Cost of Pollution

128

7.8

Impact of Decision Levers on Cost of Crashes

129

7.9

Impact of Decision Levers on Profitability of Bus Company

129

7.10

Use of the Model

130

7.11

Sensitivity Analysis

131

7.12

Bus Riders Paradox

134

7.13

Effect of Simultaneous Change in all Decision Variables

136

Conclusion

139

8.1

Contribution to the literature

139

8.2

Policy Prescriptions

140

8.3

Scope for Further Studies

141

Chapter 8:

References

145

Annexures
Annexure 1 Bus Passenger Survey (Sample)

151

Annexure 2 Number of Passengers in Buses

153

Annexure 3 Income vs Trip Length Matrices for Captive Bus Riders (%)

155

Annexure 4 Income vs Trip Length Matrices for 2W Owners (%)

157

Annexure 5 Income vs Trip Length Matrices for 4W Owners (%)

159

Annexure 6 Traffic Counts at 22 Different Locations in Bangalore City

161

Annexure 7 House-wise distance covered by Buses/test 4W/test 2W

165

Annexure 8 BMTC Roads in Bangalore

167

Annexure 9 BMTC Stops in Bangalore

169

Annexure 10 Enlarged Road Details of a Portion of the City

171

Annexure 11 Fares in Bangalore Buses

173

xv

Annexure 12 Screenshot of the Computerised Heuristic Procedure

175

Annexure 13 Source code of the Application Program

177

List of Publications and Course Work

195

Biodata of Author

197

xvi

