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ABSTRACT 

In India, as in other developing countries, urbanization is most evident in the 
country's metropolitan areas. Delhi has been experiencing a consistently high 

rate of growth of motor vehicles during the last few decades. Rising real incomes 

of the people, the dissatisfaction with public transport and the consequent 

increase in personalized mode of transport is leading to tremendous increase in 

traffic density resulting in longer travel time, reduction in average speed, greater 

fuel consumption, higher levels of pollution and discomfort to road users. All 

these are resulting in considerable environmental damage, health hazards and 

road accidents. 

Though marginal social cost pricing has been identified in the economic literature 

as the pricing regime that maximizes efficiency in the transport system by 

tackling the above problems, examples of its implementation in transport are 

rare, particularly so in India. The current study has addressed the issues and 

questions related to the phased approach of introducing urban road pricing 

based on the principle of marginal social cost pricing. The key objectives of the 

research study were related to the two key research themes and their interaction: 
(i) to develop an integrated approach to analyse marginal social cost pricing; and 

(ii) to evaluate the impact of implementing integrated marginal social cost pricing 

on selected transport externalities. 

By developing a theoretical model, which captures transport tax reforms in the 

presence of various negative transport externalities, the study shows that the 

reference traffic equilibrium of Delhi in 2005 is characterized by a severe peak 

congestion problem where 77.5% of passenger car units per day ply in peak 
hours. Policy instruments, which differentiate taxes between peak and off-peak 

hours, could therefore generate important welfare gains. In fact, the largest 

welfare gains are to be expected from the internalisation of external congestion 
costs, as these are the dominant inefficiencies in the present urban transport 



equilibrium. Optimal pricing would generate financial surplus of both private and 

public transport modes. In the urban transport optimum pricing scenario, the 

peak car money price would increase in the range of 22% to 77% from the 

reference situation level for a volume reduction in peak traffic in the range of 

13.50% to 35.50%. For off-peak cars, the optimal money price would increase in 

the range of 10% to 95% from the reference situation level for a volume reduction 

in traffic in the range of 20% to 30%. For public transport, there were mixed 

results depending upon the objective of the government. Accordingly, the volume 

change would be in the range of -44% to +4%, depending upon the pricing of 

public transport 

The study shows that successive combination of pricing instruments yield higher 

welfare gains than introducing them in isolation. For example, when rationalised 

parking is introduced as the single pricing instrument, the welfare gain was only 

0.03% over the reference situation. But when it is combined with optimal private 

and public transport pricing, the welfare gain increased by 4.69% over the 

reference period, with significant reduction in peak traffic volumes (37%) and 

increase in peak period speed. 

In many instances the authority over the different instruments is spread over 

different government levels. By analysing the coordination problems and possible 

efficiency losses when different pricing instruments are controlled by different 

levels of governments to address external costs in transportation, the study found 

that since there were many interactions and many externalities between the two 

levels of government, a division of roles between them did not guarantee an 

efficient pricing outcome. Different tax externalities and the incomplete 

consideration of transport externalities might lead to over- or undercharging by 

local government levels. The precise result would depend on the institutional set-

up and on the correspondence between the objective functions of the two 

government levels. By examining the case where parking charges were 

controlled by city government (Municipal Corporation of Delhi and New Delhi 



Municipal Council) and road toll was controlled by the Government of National 

Capital Territory of Delhi, the study finds that the efficiency loss due to non-

coordinated or non-cooperative situation is marginal compared to the cooperative 

centralised solution. 

The study has also explored the role of endogenous labour supply in determining 

optimal transport pricing in a multiple trip purpose setting. It finds that relaxing 

strict complementarity assumption between commuting transport and labour 

supply can enable one to determine unique optimal tax rates for commuting 

transport, non-commuting transport and labour supply. For a given labour tax 

rate, the study shows that, commuting trips should be taxed less than non-

commuting trips, the more complementary commuting is with labour. Introduction 

of differentiated transport tax system in Delhi for a given level of labour tax leads 

to a welfare gain of 9.42 percent of generalised income, an increase in labour 

supply by 47%, a traffic volume reduction of 22% and increased peak period 

speed of over 22% thereby reducing congestion conditions considerably in Delhi. 

Despite the growing awareness of efficiency and welfare gain achieved from 

marginal social cost pricing in urban transport, its acceptability, both public and 

political, has been identified as the main obstacle in implementing marginal cost 

pricing in practice. Reasons behind opposition to efficient pricing are manifold: 

the equity and distributional impacts are considerable, the benefits are not 

obvious to transport users, important behavioural changes might be induced 

affecting people's daily habits and even location choices. On these issues, the 

study suggests some reform measures that could be initiated in Delhi. This 

research study could be seen as a first step towards introducing marginal social 

cost based urban transport pricing in India. The scope for further research in the 

area of urban transport pricing is fairly wide. 



TABLE OF CONTENTS 

Page No. 

Certificate 

Acknowledgements 

Abstracts 

Contents 

List of Figures 

List of Tables 

List of Annexures 

Chapter-I 	Introduction 	 1 

1.1 Context 	 1 

1.2 Urban transport scenario in Delhi 	 4 

1.3 Problem Setting 	 10 

1.4 Objectives 	 14 

1.5 Research Methodology 	 15 

1.6 Outcome of the Study 	 25 

1.7 Plan of the Thesis 	 26 

Chapter-II 	A Survey of Literature- Progress and Gaps in the 	28 
economic analysis of road pricing 

2.1 Introduction 	 28 

2.2 Review of Literature on Urban Transport Pricing 	29 
and Related Issues 

2.3 Some Gaps in the Literature 	 67 

2. 4 Conclusion 	 75 

Chapter-III 	Optimal Pricing of Urban Road Transport — An 	77 
Economic Approach 

3.1 Introduction 
	 77 

3.2 The Theoretical Model 
	 80 



3.2.1 The Basic Idea of the TRAP-BASIC' Model 81 

3.2.2 Diagrammatical Representation of the 'TRAP- 86 
BASIC' Model 

3.2.3 Mathematical Formulation of the Model 89 

3.2.4 Optimal Tax Rules 98 

3.3 The Numerical 'TRAP-BASIC' Model 102 

3.3.1 Demand for Transport 102 

3.3.2 Supply of Transport 113 

3.3.3 Transport Externalities 115 

3.3.4 Operation of the Numerical Model 115 

3.3.5 The Study Area - Transport Markets and Traffic 118 
Flows in Delhi Urban Agglomeration 

3.3.6 Calibration of the Model 123 

3.3.7 Optimisation Results - Optimal Policy 135 

3.4 Conclusion 147 

Chapter-IV Estimating Marginal External Costs of Transport 164 

4.1 Introduction 164 

4.2 The Marginal External Congestion Costs 166 

4.3 The Marginal External Air Pollution Costs 171 

4.4 The Marginal External Accident Costs 179 

4.5 The Marginal External Noise Costs 185 

4.6 Total Marginal External Costs Of Transport 189 

4.7 Conclusion 190 



Chapter-V Urban Road Transport Pricing with Successive 191 
Introduction of Different Policy Instruments 

5.1 Introduction 191 

5.2 Successive Implementation Plan for Delhi 193 
5.2.1 Role of Parking Charges in Urban Road Transport 193 

Pricing 
5.3 Transport market and the traffic flow characteristics 

of Delhi 
198 

5.4 Calibration and Reference Situation for Delhi 2005 200 

5.5 Optimisation Results - Optimal Policy 207 

5.6 Conclusion 212 

Chapter-VI Competition Between Levels of Government for 218 
Urban Transport Price Setting 

6.1 Introduction 218 

6.2 Problem Structure 221 

6.2.1 The Urban Transport problem 221 
6.2.2 Objective Functions and Instruments of City and 222 

State Government 
6.3 Theoretical Model - "TRAP-Ir & Externality Tax 227 

Rules of City and State Governments 
6.3.1 Full Control Model 227 

6.3.2 Modelling City Government Behaviour 231 

6.3.3 Modelling State Government Behaviour 232 

6.4 Empirical Model Implementation 233 

6.4.1 Reference Equilibrium 234 

6.4.2 Structure of the External Costs 239 
6.5 Numerical Model Analysis of Urban Pricing Problem 

with Two Government Levels 
240 

6.5.1 The Centralised or Co-operative Solution 242 

6.5.2 The Non-Cooperative Nash Equilibrium 244 

6.5.3 The Stackelberg Solution 247 

6.5.4 Sensitivity analysis 248 

6.6 Conclusion 250 



Chapter-VD Labour Supply and Urban Transport Pricing 	254 
Reforms 

7.1 Introduction 
	 254 

7.2 Theoretical Model — 'TRAP-Ill' 
	

257 

7.2.1 Model components and consumer optimum 
	 258 

7.2.2 Indirect Utility Function 
	 265 

7.2.3 Government welfare maximization problem 
	 265 

7.2.4 Optimal Tax Rules 
	 269 

7.2.5 Relative Taxation of Different Trip Purposes for a 	281 
given labour tax rate 

7. 3 Empirical Application of the Model 
	 282 

7.3.1 Consumer direct utility function- The Utility Tree 
	282 

7.3.2 Calibration of the Model 
	 287 

7.3.3. Calibration results 
	 288 

7.3.3.1 Optimal Differentiated Transport Taxes 
	 289 

7.4 Conclusion 
	 292 

Chapter-VIII Summary and Policy Recommendations 
	 304 

8.1 Summary 
	 304 

8.2 Policy Recommendations 
	 311 

8.3 Contribution of Our Research Study 
	 319 

8.4 Scope for Further Research 
	 321 

Bibliography 	 323 


